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Introduction. New Challenges for the Agricultural Sector

The full-scale war has radically altered the methods of Ukrainian agribusiness
operations, its scaling, and energy security. While energy efficiency was previously
viewed primarily as a tool for reducing production costs and increasing profit margins,
today it has become a nationwide issue of food security and the physical survival of
farms amid aggression and energy supply deficits.

Constant attacks on energy infrastructure have caused unprecedented instability.
The risks of fuel and electricity supply disruptions have become a daily reality. The
shortage of petroleum products during peak field operation periods, coupled with the
rapid rise in energy costs, is forcing agricultural enterprises to seek solutions that
previously seemed improbable or prohibitively expensive.

Traditional fuel supply logistics chains have suffered significant destruction or
have become substantially more complex. This necessitates a transition to local energy
sources for agricultural enterprises. A agro-enterprises is ceasing to be merely a
consumer of resources; it is transforming into an autonomous, energy-independent hub.
Today, autonomy is not a luxury, but a survival strategy that enables sowing and
harvesting campaigns to proceed regardless of the state of centralized power grids.

1. Energy-Efficient Machinery Operation and Logistics

In conditions of limited resources, every liter of diesel fuel and every kilowatt-hour
must be used with maximum efficiency (efficiency factor). The transition from purely
mechanical labor to intelligent resource management has become the leading trend in
agrotechnology for 2024—-2026.
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The use of GPS navigation and parallel driving systems [1] allows for the
elimination of overlaps and skips during tillage, sowing, or spraying. This results in
direct savings of fuel, seeds, and fertilizers within the range of 10—15%. The
implementation of autosteering in agricultural machinery minimizes operator fatigue
and ensures ideal pass-to-pass accuracy (up to 2 cm), which reduces unnecessary
engine load and the draft resistance of implements.

Yield mapping and the differentiation of land resource productivity [2] are of
particular importance. Thanks to yield maps, machinery automatically adjusts the
application rates of mineral and organic fertilizers, avoiding energy waste where soil
potential is limited.

A key approach to energy conservation and efficiency is the combination of
technological operations. Modern combined 1mplements allow for seedbed
preparation, sowing, and fertilizer application to be performed in a single pass. This
radically reduces the number of field passes, which not only saves fuel but also prevents
excessive soil compaction.

A vital aspect of this approach is ballasting and tire pressure control. Reducing tire
pressure during field operations increases the contact patch, reducing slippage and
rolling resistance. However, improper settings can "eat up" to 20% of fuel. CVT
(Continuously Variable Transmission), automatically select the gear ratio for the
current load, allowing the engine to operate in its optimal range.

Fleet monitoring systems for machines working in the field enable real-time fuel
consumption control. Telemetry helps identify unauthorized fuel siphoning, excessive
idling, and inefficient field patterns.

The use of chaser bins allows combines to unload on the move. This increases
harvesting productivity by 25% and lowers specific fuel consumption per ton of grain,
as heavy trucks do not enter the loose field, remaining on hard-surface roads. The
logistics component plays a vital and substantial role in energy saving.

2. Resource-Saving Soil Tillage Technologies

Conventional deep plowing is the most energy-intensive operation in crop
production. Under the conditions of war, farmers are increasingly transitioning to Mini-
till, Strip-till, and No-till technologies [3].

Abandoning plowing in favor of minimum tillage allows for a reduction in diesel
fuel consumption by 30-50% per hectare. Instead of soil inversion (moldboard
plowing), techniques such as subsoiling or direct seeding into stubble are utilized.

Recently, increasing attention has been paid to adaptive mechanization. The use of
lightweight implements reduces draft resistance. The less we "disturb" the soil, the
better its structure becomes, which, in the long-term perspective, further reduces the
energy required for its cultivation.

3. Alternative Energy and Biofuels

The decentralization of energy supply is facilitated by the creation of so-called
"energy islands" (Microgrids) [4].

The most prominent representative of alternative energy in this context is self-
produced biofuel. Farms growing rapeseed or corn are implementing small-scale plants

10
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for biodiesel and bioethanol production for internal needs. This eliminates dependence
on external fuel supplies and ensures the farm's energy independence.

The use of biogas plants for processing livestock and crop waste allows for the
production of gas to heat farms and greenhouses, as well as to power grain dryers. This
creates a closed-loop ecosystem within the farm, transforming waste into a valuable
energy resource.

Agrivoltaics occupies a unique position. Installing solar panels on hangar roofs or
directly above crops (which also protects plants from excessive evaporation) provides
power for refrigeration units, pumps, and lighting, even during blackouts.

4. Energy Efficiency in Greenhouse Systems and Raw Material Processing

Elevator complexes and greenhouses are major consumers of heat and electricity.
Currently, gas installations are being replaced by units that utilize solid biofuels. The
modernization of grain dryers involves transitioning to pellet burners fueled by wood
chips or straw. Using biomass heat generators allows for a complete move away from
expensive natural gas.

Small-scale irrigation is of significant importance. The implementation of drip
irrigation systems with automatic pressure regulation minimizes electricity
consumption at pumping stations.

Heat recovery [5] plays a substantial role in energy saving. In livestock complexes,
systems are being introduced that capture heat from exhausted ventilation air. This heat
1s used to preheat the incoming fresh air stream or to heat water through heat exchange,
reducing heating costs by 20-30%.

5. Key Modern Priorities for 2024-2026 in Ukraine

Currently, there are four priority directions for energy saving and enhancing the
energy efficiency of Ukrainian farms.

First: Energy Decentralization. This involves integrating solar, wind, and biogas
energy into a unified network with industrial-scale battery storage (Energy Storage
Systems).

Second: Optimization of Technological Operations in Crop Production. An
example is in-field briquetting—using mobile presses to process straw and crop
residues into fuel directly during the harvesting process.

Third: Digitalization and Energy Auditing. The implementation of methodologies
using Artificial Intelligence (Al) to predict peak loads and enable automatic switching
between energy sources.

Fourth: Industrial Drone Integration. The most cutting-edge direction, which has
significantly intensified the development of new technologies during the war, is the use
of industrial drones in agriculture [6]. Spraying drones (agridrones) replace heavy
machinery. A drone consumes only inexpensive electricity, eliminates mechanical
energy losses from soil movement, and operates with pinpoint precision. The primary
factors for savings include the absence of tramlines (technological tracks), reduced fuel
consumption, and lower water requirements.

Another promising direction is the implementation of lightweight electric tractors
[7], operated remotely for work in orchards and on livestock farms.

11
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Conclusions

Under martial law, energy conservation in the agricultural sector has transformed
from a sustainable development concept into a vital survival tool. Today, the primary
focus is on:

« Minimizing energy-intensive operations (transitioning to No-till/Strip-till).

« Maximizing digital control (ensuring every liter of fuel works toward a result).

« Energy autonomy through the use of biomass and alternative energy sources.

« Replacing heavy machinery with industrial drones and the implementation of
lightweight electric tractors.

Intelligent resource management, preventive maintenance (timely replacement of
filters and nozzles can save up to 10% of fuel), and the transition to local energy
generation are the pillars upon which the modern Ukrainian agricultural sector stands.

Calculations of the return on investment (ROI) for implementing these modern
technologies show that for most typical farms with an area of approximately 1,000
hectares, the payback period is nearly one season.
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OpHi€ero 3 KIIOYOBUX ITPOOIIEM JIJIsl arpapHOTro BUPOOHHUIITBA B yMoBax [liBHIUHOTO
Creny YkpaiHu € KJIIMaTUYHI 3MiHH, 1[0 3yMOBUJIM TpaHCPOPMAIlit0 MOMIPHOT 30HU Y
PErioH PU3UKOBAHOTO 3eMJIepOOCTBA. YHACIIIOK IIBOTO ITOCTAa€ HEOOXITHICTh y T000p1
KyJbTYyp, 3JaTHUX BUTPUMYBaTH EKCTpPEMajbHI TMOTrOAHI YMOBH - 30Kpema
MIPUMOPO3KH, MOCYXY Ta Ae(IIIUT BOJOTH K Y IPYHTI, TaK 1 B aTMocdepi - 1 BOJHOYAC
3a0e3mnedyBaTu CTablIbHO BUCOKI BPOJKai 3€JIEHOT MacH Ta 3epHa.

Jlo Takux TMEepPCreKTUBHUX, HETPATUIINHUX KYJIbTYyp HAJICKUTh amapaHT -
NCEBIO3JIaK, IO  XapaKTePU3YEThCI  KOMIUIEKCOM  TOCHOJApChKO  I[IHHHUX
BrnactuBocted. Cepe  OCHOBHHUX TNepeBar KyJbTypH  BUAUISIIOTH  BHCOKY
MOCYXOCTIMKICTh, QJAaNTUBHICTh O PI3HUX IPYHTOBO-KIIMATUYHUX YMOB, HU3BKY
HOpPMY BHCIBY, IHTEHCUBHUU PICT, CTIMKICTh A0 XBOPOO 1 IIKIHHUKIB, a TAKOXK 3HAUHY
YPOKAMHICTB 1 T0OPY SAKICTh K 3€JICHOI MacH, Tak 1 3epHa [1].

AMapaHT € yHiBepCalIbHOIO KYJIBTYpOIO, III0 3HAXOIUThH IUPOKE 3aCTOCYBAHHS Y
XapyoBil, KOPMOBIil, dapMareBTHUHiii Ta AekopaTuBHii chepax. Foro 3epHO
BUPI3HAETHCS BHCOKOIO MOXHBHOIO I[IHHICTIO 3aBASKWA 3HAYHOMY BMICTY OLUIKa Ta
CKBAJICHY - 010JIOT1YHO aKTUBHOI CMOJIYKH 3 OaKTEPUIIMIHUMH ¥ TPOTUITYXJIMHHUMU
BJIACTHBOCTSIMU. 3eJieHa Maca BUKOPUCTOBY€ETHCS SIK IIIHHUM KOPMOBHI pecypce - K Yy
YUCTOMY BWIJISIII, TaK 1 B Cymimax i3 O0OOBMMH UM 3JIaKOBUMHU KyJIbTYPaMH,
MOKpAIIyoud TpoTeiHOBUM ckiaa cuiocy. [licns BimmoBigHOT 00poOKu Oiomaca
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CIIyT'y€ CHPOBHHOIO J/Jii BUPOOHHUIITBA O1IKOBO-BITAMIHHHUX KOHIIEHTPATIB abo
BHUCOKOO1JIKOBOTO OopoIHa [2].

Bucoxkuii BMICT O171Ka Ta HU3BKHI PIBEHb BYTJIEBOJIB y 3€JICHIM Maci aMapaHTy
3a0e3MeuyloTh OTPUMAHHS CUJIOCY BHCOKOI TOXHBHOCTI, SKHW 3a SKICTIO HE
MOCTYMAETHCA KYKYPY/A35THOMY 1 HaBiTh MEPEBUIIYE COHAIIHUKOBUM. JINCTS KyIbTypH
NpUJaTHE JJIS CTIOKMBAHHS Y CBKOMY BHUIVISI/II, @ HACIHHS, IO 32 CMAaKOM Harajuye
ropix, MICTUTh 3HA4yHI KIJBKOCTI OUIKIB, HE3aMIHHMX aMiHOKHCJIOT, BITaMIHIB,
MIKpOEJIEMEHTIB 1 O10aKTUBHHUX CIIOJYK, MEPEeBEPUIYIOUM TPaAULiiHI 3€pPHOBI
KyJbTYpPH 32 OLIBIICTIO MMOKA3HUKIB [3].

3epHO aMapaHTy MICTHTh 3HAYHY KUIBKICTh KPOXMAJIO, SIKUH PO3TAIllOBAHUU Y
LEHTPaIbHIN YaCTHHI 36pHUHU Y BUTIISI IpIOHUX TpaHyI 1 32 CBOIMH BIACTUBOCTAMU
noAiOHM A0 KyKypya3sHoro. TexHonoriyHa mnepepoOka HaciHHS 3I1HMCHIOETHCA
Pi3HEMH CIIOCOGAMH, 3aJIe)KHO BiJl KiHIIEBOrO HMPU3HAYEHHS NPOAYKIii. Floro MoxHa
BUKOPUCTOBYBATH UMM a00 y BUTJISAII OOPOIIHA; 1] 4ac TOMEITY BIJOKPEMITIOIOTHCA
¢paxiiii, 30arayeHi TPOTETHOM 1 OJII€10, BiJl THUX, 110 MICTSTh IEPEBAXKHO KpoXMaib. [3
MOIP1I0HEHOTO HACIHHS METOJOM €KCTPaKIlii OTPUMYIOTH OJI110, @ 3HEKUPEHE OOPOIITHO
€ JoKepesioM Oiika 1 kpoxmainto. Kpim Toro, amapaHToBe 3epHO MICTUTh 3HAYHI1 3aracu
Kanblio, ¢ochopy, MarHiro Ta pubOQUIaBiHYy, MO0 30CEPEKECHUN TMEPEBAXKHO B
3apoaKy [4].

3aB/sKA BUCOKIM €HEPreTUYHIH 1 MOKUBHIM IIHHOCT1, HACIHHS aMapaHTy ITUPOKO
BUKOPUCTOBYETHCS Yy BHUPOOHUUTBI XapyoOBHUX NPOAYKTIB 1 oiii. Baxauoro
€KOJIOTIYHOIO TIEPEeBarol0 KyJbTYpH € il 3[IaTHICTh A0 €(PEKTUBHOTO BUKOPUCTAHHS
arpoKJIIMaTUYHUX PECYPCIB 1 ajanTaiii 70 yMOB BUpouUlyBaHHS. Pa3om 3 TUM piBeHb
YPOKaMHOCTI aMmapaHTy 3HAYHOIO MIPOIO BU3HAYAETHCS JOTPUMAHHAM TEXHOJIOTTUHHUX
BHUMOT, 30KpeMa CUCTEMH YAOOPEHHS, siIka MOBUHHA y3TOJKYBaTHCS 3 010J0TTYHUMU
0COOJIMBOCTSIMH KYJIBTYPH Ta PETIOHATIbBHUMU YMOBaMH [5].

TomMy, B HammXx MOCHIPKEHHAX MH 3BEpHYJH yBary, SIK BIUTUBAJIN MiHEpaIbHE
’KUBJICHHS HA BUCOTY Ta O10METPUUYHY CTPYKTYpPY aMapaHTy.

[IpoTsiroM BCHOTO BEreTamiiHOro MEPIOY Y CUTbCHKOTOCHOIAPCHKUX POCIHH
CIIOCTEPITAEThCS JIIHIWHUNA TPUPICT KYyJIbTYpH, SKAWA BimoOpakae e()EKTUBHICTDH
MPOBEICHHUX arp03axo/IiB MPHU BUPOIIYBAHHI KYJIbTYPH.

B Hamux mociiipKeHHSX, MU BCTAaHOBIJIM SIK BIUIMBAJIO YJIOOPEHHS Ha BUCOTY
pociivH amapaHnTy (Taou. 1).

[IpoTsirom  pokiB  JIOCHIIKEHb, OyJ0 BCTaHOBJEHO, W0 IOKA3HUKHU
2024 poky, OyJid MEHITMMU Y TIOPIBHSIHHI A0 NOKa3HUKIB 2025 poky, ockiibku y 2025
porli Oyiu OUTBII COPUSATIUBUMH, IO BIIOOPA3UIIOCS HA MPOPOCTI JOCIIIKYBAHOTO
MOKa3HUKA.

15



AGRONOMY
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW
PARADIGMS

Taomung 1
BucoTa amapaHTy cOpTy AIITEK IPOTATOM BETe€TalliHOTO MEPioIy 3aTeKHO Bij
yno0peHHs1, cM (B cepeaabomy 3a 2024-2025 pp.)

®Paxkrop B Criocobu ciBbu
< E pankoBui 15 cm | HIMPOKOPSIAHUM 45 cM
§* 2. a3u pOCTY Ta PO3BUTKY
2 'S MOJIOYHO MOJIOYHO
S ;( OyTOHI3aIlis | IBITIHHS | BOCKOBa | OyTOHI3allisl | BITIHHSA | BOCKOBA
CTHUTJIICTh CTHUTJIICTh
bes 65,9 992 | 110,5 74,4 108,9 | 118,
n00puB
N30Ps0Keo 70,5 105,8 117,9 80,6 115,9 125,2
NesoPsoKeo 75,1 112,4 128,4 86,7 122,9 132,3
Ni120Ps0Kse0 81,3 118,7 134,1 97,1 128,6 137,9

Tak, Ha BapiaHTax KOHTpPOJIO, Oyl0 3a(diKCOBAaHO HAWHWKYY BHUCOTY IO
BapiaHTax Jociiay, y ¢azy OyToHizarlii, mo ckiama 65,9 cM, 3a psIAKOBOTO CIIOCO0Y
C1BOM.

[IpoTsiroM BereTaitHOTro NEPioly CIOCTEPIraBCs MPUPICT POCIUH Y BUCOTY Ha
BCIX BapiaHTax JOCIITY.

Buecennst MmiHepanbHUX TOOpPUB 3a0€3MEUNIIO IPUPICT Y BUCOTY Y MOPIBHSHHI
710 BapiaHTIB KOHTPOJIb.

Tak, 3a BHeceHHsT N30PsKeo, 32 psiikoBoro criocody ciBOM 3a0€3MeUHIIO BUCOTY
B ITOCIBax amapaHTty B Mexax 117,9 cm, o OyJio BUILMM Bij BapiaHTiB 0e3 100pUB Ha
7,4 cM, TOAI 4K 32 IUPOKOPSIAHOTO CIOCO0Y BHCOTA B IociBax Oyiia B Mexax 125,2 cm
1 BULIIUM BI1Jl KOHTPOJIIO Ha 7,1 cM.

HinsHku, e BHocwid Jgo0puBa y 1031 NeoPeoKeo, 3a0e3meunnu HacTymHi
MOKA3HUKU BUCOTU POCIIMH aMmapaHTy, 10 BIAMNOBIAHO ckiajo 128,4 cMm (psaKoBHii
cnoci6 ciBou ) Ta 132,3 cM (IumMpoKopsiAHMiA crnociO ciBOn).

Y noOpennst y 1031 Nj2oPeoKeo 3a0e3meunnio MakcuManibHUNA MPUPICT POCITUH
JTOCIIDKYBaHOT KYJBTYPH, IO BIAMOBIIHO /0 crHocoOiB ciBOM ckiano 134,1 cm
(psnkoBwuit) Ta 137,9 cM (IupoKOpsIHUI).

OTXxe, ONTUMATBPHUMU BUSBUJIUCS YMOBH 3a yaoOpeHHs y 1031 Ni20PsoKeo 3a
ITUPOKOPSTHOTO CTIOCO0Y c1BOU 110 OYyJIO BUIITUM BiJl KOHTPOJIO B Mexkax 19,8 cwm.

B Hamux moCHiDKEHHSX MM 3BEpHYJM YBary, SIK BIUIMBAJIO BHECCHHS
MiHEpaJbHUX TOOPWB HAa O10METPUYHI TOKA3HUKU y POCIUH amapaHty (Tadi. 2).

AHai3youu ojiep>kaH1 JaHH1, 0yJI0 BCTAHOBJICHO, 1110 IOCIKYBaH1 MOKa3HUKU
OyJu HallMEHIIIMMU Ha BapiaHTaX KOHTPOJIO (0e3 yA00peHHS ).

Tak, Ha KOHTPOJII, 32 PSIAKOBOTO CIIOCO0Y CIBOM KIIBKICTh JIUCTKIB HA POCIUHI —
12,7 wT.; KUIbKICTh OOKOBHUX NaroHiB — 4,3 MIT.; KUIbKICTh PO3TaTy>KEHUX POCIUH —
50,8%; ToAdil SK, 3a MIUPOKOPSTHOTO CIIOCOOY CIBOM MOKA3HUKU OYJIM JENI0 BUITUMU
BIIMOBITHO HA : KUIBKICTh JIMCTKIB Ha pOCIUHI — 1,8 MIT.; KIJIbKICTh OOKOBHX MaroHiB
— 0,6 WT.; KUTBKICTh PO3TATYKEHUX POCIUH — 5,7%.
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BHecenHss MiHepaipbHOrO 100pMBa IMO3UTHMBHO BiOOpaszuiaocs Ha MPHUPOCTI
JOCJTIDKYBaHUX MOKA3HUKIB 10 BapiaHTax JAOCIIKEHb.

Tak, 3a BHeceHHsa yno0peHHs y 1031 N3oPsoKeo Oyno 3adikcoBaHo HacTymHi
MOKAa3HUKU 3a PSJKOBOIO CrHoco0y CciBOM: KUIBKICTh JHMCTKIB Ha POCIHHI —
14,2 mT.; KIIBKICTh OOKOBHUX TMAroHiB — 5,6 MIT.; KUIBKICTh PO3Taly>KEHUX POCIUH —
67,3%, mo Oyno BHUIIUM BiJi KOHTPOJBHUX BapiaHTIB BIiAMOBIAHO Ha 1,5 mmT.,
1,3 wt.; 16,5%. 3a ciocoOy ciBOM 45 cM Mpu aHATOTTYHOMY YJI00pEHH1 CIIOCTepIraBcs
IPUPICT JOCTIIKYyBaHUX napaMmeTpiB BIJIMIOBITHO Ha 1,6 IT.;
1,2 mr.; 8,5%.

Taomung 2
biomerpuyHa CTpyKTypa amapaHTy COpTy ANTEK 3aJeKHO BiT yAOOpEHHS
(B cepennpomy 3a 2024-2025 pp.)

®daxrop B Criocobu ciBou
psakoBui 15 cm ‘ HIUPOKOPSIIHUM 45 cM
i E ¢aza riTkyBaHHs
&8 . . 2 . . X
28 | gE5 gyg85) gEN | gg5 g g8 £
“E g :a“ém“tza“ =g b‘éa
be3 mobpus | 12,7 4,3 50,8 14,5 4,9 56,5
N3oPs0Keo 14,2 5,6 67,3 15,8 6,8 75,8
NosoPsoKeo 15,9 7,8 81,6 18,1 10,7 87,4
Ni20Ps0Ks0 16,1 8,7 84,6 19,9 9,8 90,6

Buecenns yno6penss y 1031 NgoPeoKeo 1m0 BapianTax mociminy 3ade3nedeHo
MPUPICT 10 MOP(HOMETPUUHIN CTPYKTYpi, IO 3a crocoly ciBOu 15 cm 3abe3neunsio:
KUTBKICTh JIUCTKIB Ha pociuHl — 15,9 mT.; KUIbKiCTh OOKOBUX MaroHiB — 7,8 MIT.;
KUIBKICTh pO3raily’keHuX pociuH — 81,6 %; Toxal sIK MpU MIUPOKOPSIHUX MOCIBAX
KUTBKICTh JIMCTKIB Ha pociuHi — 18,1 mT.; KiIbKiCTh O0KOBUX mMaroHiB — 10,7 mrT.;
KUIBKICTh PO3TaTy>KEeHUX pociuH — 87,4%.

MakcuMalibHUMU OyJTu TIOKa3HUKH 3a BHECEHHsI yA00peHHs y 11031 Ni20PsoKeo,
ne Oyio 3a(iKCOBaHO HAWBHUIL PE3YIbTATH Y OPIBHSIHI A0 IHIIUX BapiaHTIB AOCTIAY.

Tak, mpu psaKOoBOMYy crocoOl KiTBKICTh JIHCTKIB Ha pociauHl — 16,1 mrT.;
KUTIBKICTh OOKOBHX MAaroHiB — 8,7 MIT.; KIIBKICTh PO3TATYKEHUX pocsivH — 84,6 %; Tomi
SK TPU MIAPOKOPSTHUX MOCIBaX KITBKICTh JUCTKIB HA pociuHi — 19,9 mT.; KUTbKICTh
OOKOBHX MaroHiB — 9,8 MIT.; KITBKICTh pO3ranykeHux pociau — 90,6%.

OnTumanbHUMH, OYJIM YMOBHU Ha JIISTHKAX 3a MIUPOKOPSIIHOTO CrIocoOy ciBOH,
3a ynoopenns y 1031 Ni20PsoKeo, 1110 Oym BUIITUMEU Bifl KOHTPOJIBHUX BIAMOBIIHO HA
10,8 mt.; 5,5 mt.; 39,8%.

Otxe, makcuMalibHa BHUcoTa Oyna 3adikcoBaHa 3a ynoOpeHHs NizoPsoKeo Ha
mUpoKopsAaHUX mociBax — 137,9 cm (daza MOJIOYHO BOCKOBA CTUIJIOCTI) Ta Oyia
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BUIIIOIO CEpeJ IHIMMX BapiaHTIB Aochigy B Mmexax 19,9 %. Takox, 111 BapiaHTH
3a0€3Meuniii MaKCUMaJIbHY KUIBKICTh JIMCTKIB Ha pociauHl — 19,9 mrT.; KUIBKICTh
OOKOBMX TaroHiB — 9,8 MT.; KUIbKICTb pO3TalykeHux pociud — 90,6%, mo y
MOPIBHSHHI J0 IHIIMX BapiaHTIB JOCHIAY OyJI0 HAWBUIIIUM.
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Two-point problems for partial differential equations occupy an important place in
modern applied mathematics, as they allow modeling a wide range of physical
processes associated with wave propagation. Particular interest is given to problems
for the wave equation in which additional conditions are specified at different moments
in time [1].

The study of two-point boundary value problems for the wave equation with
conditions specified at different moments in time in unbounded domains is highly
relevant in applied mechanics. This is due to the fact that such problems adequately
describe wave propagation processes in infinite or large-scale media, where spatial
boundary effects are negligible or absent.

In applied mechanics, these models arise in the analysis of oscillatory and wave
phenomena in continuous media, including problems of acoustics, fluid dynamics,
elasticity theory, and biomechanics [2,3]. Two-point conditions in time make it
possible to incorporate information about the state of a system at both the initial and
final stages of the process, which is characteristic of control, optimization, and
reconstruction problems for dynamic systems.

Such problems become particularly challenging in unbounded domains, where
classical solution methods require significant generalization. This necessitates the
development of effective analytical approaches, in particular the differential-symbol
method, which enables the investigation of solution structures, the establishment of
existence and uniqueness conditions, and the analysis of wave behavior in space and
time.

Thus, the study of two-point boundary value problems for the wave equation with
time conditions in unbounded domains has significant theoretical and practical
importance, especially for modeling and controlling wave processes in various fields
of applied mechanics.

The aim of this study is to investigate a two-point boundary value problem for the
wave equation with conditions specified at different moments in time in unbounded
spatial domains, as well as to develop approaches for constructing its solutions.

The obtained results can be applied to the modeling of wave processes in physics,
continuum mechanics, acoustics, and other fields where complex temporal
dependencies and unbounded spatial domains must be taken into account.

Wave propagation in a homogeneous isotropic medium is described by the wave
equation of the form
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d?u d?u . d?u

= (GEt5e) (1)

where u(t, x, y) is an unknown function describing the oscillatory process, ¢ denotes
time, and v is the phase velocity of wave propagation.

The wave equation can serve as a mathematical model for certain medico-
biological processes, where the function u(t,x,y) is interpreted as a kinetic
characteristic of a particular biological phenomenon [4]. In particular, in problems of
erythrocyte mechanics, the solution of equation (1) is often interpreted as the velocity
potential in an acoustic model of plasma motion, which is treated as an ideal fluid.

The process of wave propagation in unbounded domains is considered, which is
described by the unknown function u(t,x,y)u(t,x,y), representing a solution of

equation (1) and satisfying the following two-point conditions in time:
ou

alu(O,x,y) +b1¥(0'x'y) = (p(x'y)' (2)
aZu(r'xJY) + bl %(T‘,X,y) = l/)(x,_Y),
where the functions ¢ (x,y) and Y (x,y) have polynomial or quasi-polynomial forms.
The determination of the unknown function makes it possible to evaluate the value of
the considered quantity at any time instant and at any spatial point.

Conditions (2) represent time-dependent boundary conditions, which, depending

on the coefficients, may define different types of constraints, in particular:
u(0,x,y) = p(x,y), ulr,xy) =9xy).

Conditions for the uniqueness of the solution of the problem have been established,
ensuring the existence and uniqueness of the solution within a specified class of
functions. Based on these conditions, an analytical solution to the problem has been
constructed using the differential-symbol method [5].

The proposed approach allows the original boundary value problem to be reduced
to a problem in the space of symbolic operators, which significantly simplifies the
process of its analysis and solution construction. The obtained results make it possible
to investigate the structure of wave processes in unbounded domains and to analyze
their behavior under prescribed two-point conditions in time.

The obtained results are of significant importance in applied physics, particularly
in the modeling and analysis of wave propagation phenomena in continuous media.
The developed approach can be effectively used for studying oscillatory processes in
acoustics, elasticity theory, fluid dynamics, and plasma physics, where wave-type
interactions play a key role.

In particular, the proposed methodology enables the description of wave dynamics
in unbounded domains, which is essential for realistic physical systems where
boundary effects can be neglected or are not well-defined. The use of two-point
conditions in time allows for the incorporation of additional information about the
system state at different stages of evolution, which is relevant for inverse problems,
control theory, and reconstruction of physical processes.

Furthermore, the differential-symbol method provides a convenient analytical tool
for transforming complex differential models into more tractable forms, facilitating
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both theoretical investigation and practical computation. This enhances the ability to
analyze stability, propagation characteristics, and qualitative behavior of wave
processes in various applied physics problems.
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Abstract. This article examines the phenomenon of technology as an instrument for
extending the cognitive and creative capacities of the designer. Drawing on Marshall
McLuhan's concept of media as an "extension of man," the author investigates how
digital technologies transform the philosophy of design thinking — from the formation
of a concept to its materialisation. A qualitative analysis of contemporary design
practice, grounded in philosophical literature review and case-based reasoning, reveals
three levels of technological extension, three irreducible human limits, and three
emergent paradigms of design thinking. The article concludes that technology does not
replace design thinking but creates new horizons of possibility within it, demanding a
philosophy of hybrid, reflective practice.

Keywords: design thinking, philosophy of design, technology, McLuhan, artificial
intelligence, paradigm, digital environment, project methodology.

1. Introduction

The question of the boundaries between the human and the technological in
creative activity has acquired particular urgency in the era of generative artificial
intelligence, parametric design, and immersive environments. The designer today
operates under conditions in which the tool has ceased to be a passive conduit for ideas
— it has become an active participant in the design process itself.

As early as 1964, Marshall McLuhan articulated a foundational thesis: "The
medium is the extension of man" — any technology extends certain capacities of the
human body and mind. The wheel extends the foot, the book extends memory, and
electronic networks extend the nervous system. Applied to design, this thesis opens a
fundamentally new angle of inquiry: if technology is an extension of the designing
subject, what are the limits of that extension? And what happens to the philosophy of
design thinking when the extension reaches a critical threshold?

Despite a growing body of literature on Design Thinking as a methodology (Brown,
2009; Cross, 2011; Buchanan, 1992), the philosophical foundations of the designer's
relationship with technological tools remain underexplored. Existing studies tend to
address either the practical dimensions of digital tools in design workflows or the broad
sociological 1implications of technological change, without integrating these
perspectives into a coherent philosophy of design thinking.

The present study addresses this gap. Its purpose is threefold: (1) to examine the
transformation of the philosophical foundations of project thinking under the influence
of the technological environment; (2) to identify the irreducible limits of technological
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extension in design; and (3) to articulate the new paradigms of design thinking
emerging at the human—technology intersection.

The research question guiding this study is: In what ways does technology extend
— and where does it fundamentally limit — the designer's project thinking, and what
new philosophical paradigms does this tension produce?

2. Methods

This study employs a qualitative, theoretically grounded methodology drawing on
three complementary approaches.

2.1. Systematic philosophical literature review

A review of foundational and contemporary philosophical literature was conducted
to establish the theoretical framework. Primary sources included McLuhan's media
theory (Understanding Media, 1964), Heidegger's philosophy of technology (7he
Question Concerning Technology, 1954), Don Ihde's postphenomenology (7echnology
and the Lifeworld, 1990), and Merleau-Ponty's phenomenology of embodiment
(Phenomenology of Perception, 1945). Secondary sources encompassed design
research literature (Brown, 2009; Cross, 2011; Buchanan, 1992) and contemporary
scholarship on Al ethics in design (Floridi, 2023; Verbeek, 2005).

The review followed an interpretive approach: rather than conducting a systematic
bibliometric analysis, the aim was to identify conceptual intersections between
philosophy of technology and philosophy of design that have not been previously
synthesised in the literature.

2.2. Conceptual analysis

Conceptual analysis was applied to identify, define, and relate the core categories
of the study: "extension," "limit," and "paradigm" as applied to design thinking. This
method involved examining how these concepts operate across different theoretical
traditions and synthesising them into a unified analytical framework. The resulting
framework — comprising three levels of extension, three limits, and three paradigms
— constitutes the primary theoretical contribution of the study.

2.3. Case-based reasoning

To ground the theoretical framework in contemporary practice, case-based
reasoning was employed. Specific technological systems widely used in current design
practice were examined as illustrative cases: parametric modelling environments
(Grasshopper, Rhino) for the cognitive level; generative image systems (Midjourney,
Adobe Firefly) for the intuitive level; and algorithmic bias in design outputs for the
ethical level. Cases were selected on the basis of their theoretical representativeness —
their capacity to illuminate a distinct dimension of the human—technology relationship
in design — rather than their frequency of use.

This methodological combination reflects the interdisciplinary nature of the
research problem, situated at the intersection of philosophy, design theory, and
technology studies.
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3. Results

3.1. Three levels at which technology extends design thinking

Analysis of the philosophical literature and contemporary design practice yielded
three distinct levels at which technology extends the designer's project thinking.

3.1.1. The cognitive level

Digital tools extend the cognitive capacities of the designer — the volume of
information that can be retained, the speed of iteration, and the capacity for simulation.
Parametric modelling software (Grasshopper, Rhino) makes it possible to explore
thousands of formal variations where manual design permitted only dozens. This
quantitative extension gradually transitions into a qualitative one: the designer begins
to think differently — not from a single solution toward its realisation, but from a space
of possibilities toward selection within it. This corresponds to what Design Thinking
researchers identify as "divergent thinking" — the capacity to generate multiple
alternatives before moving to convergence (Brown, 2009). Technology does not
replace this mode of thinking, but radically expands its range.

3.1.2. The intuitive level

Technology extends not only the rational but also the intuitive dimension of design.
Generative systems (Midjourney, Stable Diffusion, Adobe Firefly) allow the designer
to visualise vague intuitions — images that have not yet crystallised into a concept.
Technology here functions as an "external memory of intuition," enabling the designer
to capture and investigate what previously remained in the realm of indistinct
sensation. This finding resonates with Polanyi's concept of "tacit knowledge" (1966):
a significant portion of the designer's professional knowledge resists verbalisation, and
digital tools create new means of externalising this knowledge, rendering it available
for reflection and iterative development.

3.1.3. The ethical level

The expansion of possibilities is always accompanied by an expansion of
responsibility. Technology confronts the designer with questions that did not
previously exist: to whom does the authorship of a generative object belong? What are
the ecological consequences of computationally intensive design? How do algorithmic
biases reproduce themselves in design decisions? The philosophy of design thinking
must therefore encompass ethical reflection on technological instruments — not only
as means, but as agents that actively shape the outcome. This finding aligns with
Floridi's analysis of the ethical implications of Al systems (2023) and extends it into
the specific context of design practice.

3.2. Three irreducible limits of technological extension

Despite the scope of technological extension identified above, analysis revealed
three domains in which human agency remains irreducible and cannot be delegated to
technological systems.

3.2.1. The limit of meaning

Technology can generate form, but it cannot pose the question of the form's
necessity. The meaning of a design decision — why this object exists, what problem it
addresses, whose values it embodies — remains an exclusively human prerogative. A
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designer who delegates meaning-making to an algorithm ceases to be an author in the
philosophical sense. This limit corresponds directly to Heidegger's concern about
Gestell (1954): the technological mode of revealing the world treats everything as a
"standing reserve," evacuating questions of purpose and meaning from the design
process.

3.2.2. The limit of context

Technological systems are trained on existing data and reproduce patterns of the
past. The capacity to design for fundamentally new contexts — unforeseen social
situations, cultural shifts, existential challenges — requires human understanding that
exceeds the boundaries of trained models. The designer's irreplaceable contribution lies
in this capacity for contextual interpretation: the ability to read a situation that no
dataset has yet described.

3.2.3. The limit of embodiment

Merleau-Ponty's phenomenology (1945) underscores the foundational role of
bodily experience in cognition. Human-centred design requires embodied
understanding — the capacity to feel the weight, texture, and ergonomics of an object.
This dimension remains inaccessible to technological systems in their current form.
Ihde's postphenomenology (1990) further clarifies this limit: while technology can
mediate bodily experience, it cannot substitute for the lived, pre-reflective
understanding that emerges from direct corporeal engagement with the world.

3.3. Summary of findings

The three levels of extension and three limits together constitute the analytical core
of this study and are presented schematically in the conceptual framework (Figure 1).
The tension between extension and limit — technology expanding the designer's
capacities while leaving certain domains irreducibly human — is the productive site
from which new paradigms of design thinking emerge. Fig 1
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| - Introduction

Figure 1. Conceptual framework: technology as extension of the designing subject,
mapped onto IMRAD structure. Author's elaboration based on McLuhan (1964),
Heidegger (1954), and Thde (1990).

4. Discussion

4.1. Three new paradigms of design thinking

On the basis of the results presented above, three new paradigms can be
articulated that define the philosophy of design thinking in the technological era.

4.1.1. The paradigm of co-authorship

The designer ceases to be the sole author of a design solution and becomes the
curator of a dialogue between human intention and technological possibility. Project
thinking shifts accordingly — from creation to selection and interpretation, from
making to the capacity to recognise the significant within the generated. This paradigm
demands a new professional identity: the designer as editor of possibility spaces. This
represents a significant departure from classical notions of authorship in design, which
have historically centred on the individual creative subject (Cross, 2011).

4.1.2. The paradigm of reflective use
Professional competence in design is increasingly defined not by mastery of specific
tools, but by the capacity to reflect philosophically on one's own practice. The question
"what tool am I using?" becomes inseparable from the question "who am I becoming
by using this tool?" This Socratic dimension of design practice — the examined use of
technology — constitutes a new core competency. This paradigm resonates with
Verbeek's argument (2005) that the ethical implications of technology are inseparable
from the practices of its use.
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4.1.3. The paradigm of hybrid intelligence

The most productive model of design emerges not in the opposition of human and
artificial intelligence, but in their synergy. The human contributes meaning, context,
and ethics; technology contributes computational power, speed, and scale. The
philosophy of design thinking in the future is a philosophy of the hybrid subject — one
that is neither purely human nor purely algorithmic, but something genuinely new. This
paradigm extends and concretises Floridi's (2023) concept of the "infosphere" into the
specific domain of design practice.

4.2. Theoretical implications

These findings have several implications for the philosophy of design. First, they
suggest that the classical opposition between "human creativity" and "machine
processing" is philosophically inadequate: both extension and limit are constitutive of
the designer's subjectivity in the technological era. Second, they indicate that design
philosophy must move beyond purely instrumental accounts of technology — accounts
that treat tools as neutral — toward a relational ontology in which tools and designers
co-constitute one another. Third, they suggest that design education must cultivate not
only technical competence but philosophical literacy: the capacity to reflect on the
conditions of one's own practice.

4.3. Limitations and future research

This study has several limitations that should be acknowledged. First, the case-
based reasoning employed draws on illustrative rather than systematically sampled
cases; future research could complement the theoretical framework with empirical data
gathered from practising designers. Second, the study focuses primarily on Western
philosophical traditions; further research should explore how non-Western
philosophical frameworks — including Islamic, Confucian, and Indigenous
perspectives — conceptualise the human—technology relationship in design. Third, the
rapid pace of technological change means that specific tools cited (Midjourney,
Grasshopper) may be superseded; the theoretical framework, however, is intended to
remain applicable across successive generations of technology.

5. Conclusion

This study set out to examine the transformation of design thinking under the

influence of the technological environment, to identify the irreducible limits of
technological extension, and to articulate the new paradigms emerging from this
tension. Three principal conclusions can be drawn.
First, technology extends the designer's project thinking at three levels — cognitive,
intuitive, and ethical — fundamentally altering not only what the designer can do, but
how the designer thinks. McLuhan's thesis retains its full explanatory force in the era
of artificial intelligence.

Second, this extension encounters three irreducible limits — meaning, context,
and embodiment — that remain exclusively human territory. It is here that the core of
design philosophy is located: in the capacity to pose questions about meaning where
technology offers only answers about form.
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Third, the tension between extension and limit produces three new paradigms —
co-authorship, reflective use, and hybrid intelligence — that together constitute a
philosophy of design thinking adequate to the technological present.

The future of design lies neither in the human nor in the machine alone, but in the
philosophical understanding of their joint design action. This understanding —
rigorous, critical, and ethically engaged — 1is the irreducible task of the designing
subject in the twenty-first century.
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The aviation industry is characterized by high safety standards, strict regulatory
frameworks, and the necessity for uninterrupted operational performance [1]. Within
this environment, airport ground support equipment (GSE) plays a fundamental role in
ensuring the continuity of ground operations. GSE includes a wide spectrum of
vehicles and mechanical systems [2].

The operational environment of GSE is inherently complex. Equipment must
function reliably under varying climatic conditions, high utilization rates, and
significant mechanical stresses. Moreover, the increasing emphasis on sustainability,
modeling, and automation introduces new engineering challenges in terms of structural
design, weight optimization, safety regulation and energy efficiency [3.,4].

Airport GSE design relied heavily on conservative assumptions and empirical
safety factors. While effective, such approaches often led to over-engineered and
inefficient systems. The modern engineering paradigm shifts toward analytical and
computational methods, allowing precise modeling of loads, stresses, and failure
mechanisms [5,6]. These methods significantly enhance design accuracy, reduce
material consumption, and improve lifecycle performance. Functional and Operational
Requirements of the design of GSE must satisfy a wide range of functional and
operational requirements, which directly influence engineering decisions at all stages
of development [7].

Firstly, operational reliability is important factor. GSE must maintain consistent
performance under continuous and intensive usage, often operating in multi-shift
environments with minimal downtime. Any failure can disrupt airport operations,
leading to delays and economic losses. Secondly, mechanical strength and durability
are essential. Equipment must withstand both static and dynamic loads, including
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payload forces, acceleration, braking, and vibrations. For example, an aircraft tug must
generate sufficient tractive effort to move large aircraft while maintainingnstructural
integrity under high torque loads. Thirdly, adaptability and compatibility are required.
GSE must be compatible with a wide range of aircraft types and airport configurations.
This necessitates modular and flexible design approaches. Fourthly, safety and
ergonomics are critical considerations. Equipment must ensure operator safety and
minimize human error through intuitive controls and stable structural behavior. Finally,
environmental sustainability is becoming increasingly important.

Modern airport GSE design incorporates electric propulsion systems, lightweight
materials, and energy-efficient components to reduce emissions and environmental
impact. These requirements form the basis for analytical modeling and structural
design strategies.

Load analysis and structural modeling are the principle components of any
structural design process. In the context of airport GSE, loads are different and often
complex due to the dynamic nature of airport operations. Loads acting on GSE can be
categorized as follows: static loads: self-weight of the structure and payload; dynamic
loads: inertial forces due to motion, acceleration, and braking; cyclic loads: repetitive
loading patterns leading to fatigue; environmental loads: outer forces, temperature
gradients, and corrosion effects; impact loads: sudden forces due to collisions or
operational incidents.

The design of airport GSE must satisfy several strength criteria: yield strength to
prevent permanent deformation, ultimate strength to avoid catastrophic failure, fatigue
strength for cyclic loading conditions, fracture toughness to resist crack existing.

Airport environments expose GSE to humidity, chemicals, and temperature
variations. Protective coatings, corrosion-resistant alloys, and proper material selection
are essential to ensure long-term durability. Fatigue is one of the most critical failure
mechanisms in GSE due to repeated operational cycles.

Structural optimization determines the optimal material distribution within a design
space, resulting in lightweight yet strong structures. Optimization plays a central role
in modern engineering, enabling the development of efficient and cost-effective
designs. Parametric optimization such as dimensions, material properties, and
geometry are systematically adjusted to achieve optimal performance.

GSE design must comply with international aviation standards and regulatory
requirements. These standards define safety, performance, and environmental criteria.
Key aspects include: structural safety, operational reliability, maintenance and
inspection procedures, environmental impact. Compliance is achieved through a
combination of analytical verification and physical testing.

Analytical approaches to the design and strength assessment of airport GSE
represent a fundamental component of modern aviation engineering. The transition
from empirical methods to advanced computational and analytical techniques has
significantly improved the efficiency, safety, and reliability of GSE. By integrating
load analysis, material science, fatigue assessment, and optimization methods,
engineers can develop high-performance equipment capable of meeting the demands
of contemporary airport operations. Furthermore, the implementation of digital
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technologies such as digital and machine learning enhances predictive capabilities and
lifecycle management.

In the context of fast developing aviation systems, the role of analytical engineering
will continue to expand. Future innovations will depend on the ability to accurately
model complex systems, optimize design parameters, and ensure compliance with
safety norms and environmental standards.

Thus, the application of advanced analytical methodologies contributes not only to
the structural integrity of GSE but also to the overall efficiency and sustainability of
global air transport systems.
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Abstract.

Trimethylchlorosilane, which is an effective promoter and water-condensing agent,
was used for the first time in cyclocondensation reactions with substituted ureas and
thioureas. By varying the solvent, ratio of reagents, temperature and reaction time,
100% conversion was achieved for the model compounds. The optimal conditions for
the reaction were: reaction temperature 20°C, dimethylformamide solvent, reaction
time 48 hours, presence of 4 equivalents of Me;SiCl. The use of Me;SiCl made it
possible to introduce a wide range of aromatic and heterocyclic aldehydes, mono- and
disubstituted ureas and thioureas into the reaction.

CF;-B-diketones were used for the first time in cyclocondensation reactions as
bifunctional reagents. The DMF/TMSCI system was used.

Keywords: CF;-B-diketones, trimethylhalosilanes, benzaldehyde, acetoethyl
acetate, phenylurea, phenylthiourea.

Introduction.

At the end of the 19th century, the synthesis of 3,4-dihydropyrimidin-2-(1H)-ones
of the general formula (1) was carried out by the method of condensation of aromatic
aldehyde, urea and acetoacetic ester [1].

Ph_H
SRS EtO,C

. H
+ Ph +  NH, NH, H N
—H N —— | /L
O o) NT O
H

(0] Me

(1)

This reaction is currently undergoing a new stage of development. It was found that
6-methyl-4-phenyl-2-oxo-1,2,3,4-tetrahydropyrimidine ethyl carboxylate is formed
during the condensation of acetoacetic ester with urea and benzaldehyde. An identical
product can be obtained: a) by the interaction of benzaldehyde with -
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carbamidocrotonic ester, b) by the reaction of benzylidene diureide with acetoacetic
ester, ¢) by condensation of a-benzalacetoacetate with urea. These countersyntheses
unambiguously proved the structure of 6-methyl-4-phenyl-2-oxo0-1,2,3,4-
tetrahydropyrimidine ethyl carboxylate. The next article devoted to this
cyclocondensation was published only in 1929 [2]. In the early 1930s, attention was
paid to this reaction by Folkes, Hartwood, and Johnson [3]. They proposed a modified
method of its implementation, thanks to which it was possible to expand the range of
reagents and increase product yields.

In the following years, until the end of the 30s, only about a dozen publications on
this topic were published. With the development of pharmaceutical chemistry, interest
in tetrahydropyrimidine derivatives began to grow. Reviews were published [4-6]. The
number of articles since the beginning of the 70s has reached over a hundred.

The fact that the reaction is three-component makes it possible to vary the structure
of its products. So as a methylene carbonyl component derivatives of B-ketocarboxylic
acids, B-diketones, a-nitro-, a-aryl- and some a-heteryl ketones and aldehydes were
used. Aldehydes are aromatic and heteroaromatic, some aliphatic. Substituted and
unsubstituted ureas, thioureas, and guanidines were introduced into the reaction.

For the reaction with aliphatic aldehydes, cyclocondensation products were
obtained with significantly lower yields than for aryl and heterylaldehydes [8]:

Et0,C
2 NH Et0,C EtO,C

‘ /L ‘ NH NH
N (@]
N o)
N
H H

H

For this reason, modified methods were developed. Two modifications of the
cyclocondensation reaction are widespread: using "hidden carbonyl equivalents" and
Etwell's modification [9].

The idea of using substances in the reaction, which in the reaction medium would
give an aldehyde, which later participates in condensation, was implemented in the
work [43, 44], where 2-substituted 1,3-oxazinans were used:

Ar(AIK)
o EtO,C
R Ar(Alk) «  CHCNITFA 2 NH
RIS W
+

NH )K/COZEt H,N NH, t X

N

R R H

To introduce guanidines into the reaction, as well as to obtain O- or S-alkylated
1,4-dihydropyrimidines, it is convenient to use the modification proposed by Etwell
[9]. In this method, the previously obtained benzylidene-f-ketoester adds guanidine
according to Michael, followed by cyclization to 1,4-dihydropyrimidine. It is proposed
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to use the method for electron-deficient aldehydes, cyclohexylcarbaldehyde and some
others.

The best results were obtained in the presence of boron trifluoride [45],
polyphosphoric ether [11], lanthanide compounds LaClI3 [12], Yb(OTf); [13], lithium
bromide [14], under conditions of microwave irradiation [15] and the so-called "
solvent-free" reaction conditions (using a mixture of acidic or basic Yb(III)-modified
polymers and a solid acid catalyst [16]) in the presence of ionic liquids, such as 1-n-
butyl-3-methylimidazole tetrafluoroborate or its hexafluorophosphate [17].

Choosing an effective catalyst allows you to significantly increase yields. So, for
example, for 2-bromo-4-nitrobenzaldehyde, the yield according to the standard method
is close to 20%. The use of ytterbium triflate allows to increase it to 52% [13]. The
work [18] reported on the synthesis of tetrahydropyrimidine-5-carboxylic acid amide
by nitrile hydrolysis:

OEt i R R

0
H,N
< cN 2N° 'NH; NC Hel

_ ‘ NH . NH
EtOH/HCI /L 2 ‘ /L
EtO OMe N~ O 0

But already in [19.] examples of syntheses with amides of B-keto acids as
methylene carbonyl components are given:

o) Ar
Aer X EtOH/HCI R
R\N —’t ’Tl ‘ NH
| + HoN NH; R /LX
R N
©) H

X =0, S; R = Me, pirrolidine, morpholine

The yields of acid derivatives are quite high.
The possibility of using a-arylcarbonyl compounds in cyclocondensations was
shown in an early work [21] using the example of acetophenone and

phenylacetaldehyde:
Ar

R =H, CH,
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Variation of aromatic substituents logically led to the use of a-hereryl carbonyl
compounds as methylene carbonyl components.

Under the conditions of catalysis by alcoholic HCI, a mixture of products was
obtained, which could not be separated. After optimizing the reaction conditions, the
solvent, temperature, and ratio of reagents were selected. Cyclocondensation was
carried out in acetic acid at 50°C. The molar ratio of aldehyde, phenacylbenzothiazole,
and urea was 1:1.1:3. In this way, a yield of 72-97% was achieved.

The resulting cyclocondensation products are subjected to further
functionalization. Thus, in [23], a convenient method for the synthesis of N(3)-
ethoxycarbonyl-3,4-dihydropyrimidin-(1H)-2-one was developed, which consists in its
acylation with a mixture of thionyl chloride and carboxylic acid.

The use of functionalized acetophenones [21]:
Ar

A
:L . o Ar O EtOH/HCI NH
o

/k”/k N - | /L

Ph N
H

A = NO,, CI, OMe, OPh, SPh, NHC(O)CHs

In work [28] it was shown that high yields of 3,4-dihydropyrimidin-2-(1H)-ones
(76-97%) can be obtained using TMSCI in a mixture of MeCN-DMF (2:1) based on
various aromatic , aliphatic and o,f-unsaturated aldehydes, ureas and thioureas,
acetylacetone and acetoacetic ester.

p-Fluorobenzaldehyde under similar conditions gives a mixture of products (B) and
(C) 1n the ratio 87:13.

Condensation of 1,3-cyclohexanedione with urea or thiourea in the presence of
TMSCI as a Lewis acid in a mixture of DMF/MtCN (1:2) leads to the formation of the
corresponding heterobicyclic (G) and spirocondensed (H) compounds in high yields
[30]:

X

HN)]\NH o R
o o X TMSCI R R NH
* + )k N o) o *
NH> DMF, MeCN
0 R™ H HoN \ X
H
(G) (H)

R=Alk, Ar; X=0, S

At the same time, benzaldehyde and para-substituted aromatic aldehydes give a
mixture of two compounds with a predominant content of the spiro product, while
ortho- and meta-substituted aromatic aldehydes and aliphatic aldehydes react under
similar conditions with the selective formation of octahydroquinazolinones.
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Similarly, a series of octahydroquinazolinones (H) was obtained as a result of a
one-step three-component condensation starting from dimedone,of aromatic aldehydes
and ureas in the presence of TMSCI when boiling in a mixture of MeCN/DMF (1:4)
[31].

Other silicon derivatives can be used as condensing agents in the reaction. So
TMSI, generated from TMSCI and Nal. was successfully used for the cyclization of
aromatic, aliphatic, heterocyclic, and o,B-unsaturated aldehydes, ureas, and a [-
dicarbonyl compound (acetylacetone or acetoacetic ester) into dihydropyrimidin-2-
(1H)-ones [28].

As it turned out, TMSOTT is an effective catalyst for the condensation reaction and
leads to the formation of the corresponding products with yields of 80-95% [32].

Tetrahydropyrimidines (THP) have a wide spectrum of physiological activity. In
the 1930s, their simplest representatives, for example (2a), were patented as
insecticides [33]. Later, the effective antiviral drug nitracin (3a) was discovered [34].

Tetrahydropyrimidines manifest themselves as antitumor agents [35].
O,N

Q Cl o Ar
EtO | NH H,N NH
N/KS /LS
H N
(2a) (3a) (4a)

Compounds of type (4a) have antipyretic properties and are anticoagulants [37].
However, THPs are most interesting as antihypertensive agents, for example,
analogues of nifedipine (6a) and (7a) [38, 39]. Particularly active in this area are the

disputes substituted by the provision of N-3: (8a) and (9a) [40].

02
AlkO OAIr

(7a)

Nifedipine
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NO,

. HCI

(8a) (9a)

The ability of dihydropyrimidines to block calcium ion channels is described. 1,4-
Dihydropyrimidines (nifedipine, nitrendipine, nimodipine, amlodipine, lacidipine,
felodipine, nicardipine, isradipine, etc.) are antagonists of L-type calcium antagonists.

The action of these drugs is focused on lowering blood pressure. Due to this, some
of them act as sedatives and are medicines for optic nerve dysfunction.

Known derivatives of the 4-oxopyrimidine series containing heterocyclic
substituents, namely: imidazole, pyridine, thiazole, which have antihistaminic activity.

The purpose of this work was to obtain and study the products of the
heterocyclization reaction using trimethylhalosilanes and CF;-B-diketones, to study the
effect of substituents on the reaction direction of the latter, and to optimize the synthesis
method.

Discussion of results.
In the synthesis, halosilanes with such halogens as chlorine, bromine, and iodine
were used. MesSil was synthesized in situ from Me;SiCl and Nal in DMF.

R
R R
4 /& * )\ ‘
A "
H O (e} DMF, rt, 48 h ;\
(0] NH Me Ph
| O N~ Me
R |
R

Cyclocondensation reaction using halosilanes

Me;SiCl has previously been shown to be an effective promoter and dewatering
agent in various condensations. It was decided to try it as a condensing reagent and in
cyclocondensation reactions with varioussubstituted ureas and thioureas.
Benzaldehyde, acetoethyl acetate, phenylurea and phenylthiourea were used to develop
the technique. By varying the solvent, ratio of reagents, temperature and reaction time,
100% conversion was achieved for the model compounds. The use of Me;SiBr and
MesSil does not give any advantage over Me;SiCl. The optimal conditions for the
reaction were: reaction temperature 20°C, dimethylformamide solvent, reaction time
48 hours, presence of 4 equivalents of Me;SiCl.

The use of Me;SiCl made it possible to introduce a wide range of aromatic and
heterocyclic aldehydes, mono- and disubstituted ureas and thioureas into the reaction.
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It was also possible to use spatially hindered ureas and thioureas, aromatic aldehydes
with donor and acceptor substituents in the 2 and 6 positions. At the same time,
alkylaryl and diarylureas and thioureas turned out to be unreactive.

B-Diketones take part in cyclocondensation reactions as bifunctional reagents.
At the same time, there is no information on the participation of CF;-B-diketones in
such reactions in the literature, although the presence of a pharmacophore fluorine
atom could give the reaction products new physiologically active properties.

The DMF/TMSCI system was used. CF;-B-diketones (7a-d), ureas and
thioureas (8a-h), and benzaldehyde (9) were selected as model compounds:

X
M /k o
CF3 R R{HN NHR,
9
(7 a-d) (8 a-h) ®)
7a: R = CF, 8a:X=0,R;{=R,=H 8e:X=S§,R1=Ry=H
7b: R = OEt 8b: X=0,R; =H, R, =Me 8f: X=8,Ry=H,R;=Me
7c:R=Ph 8c: X =0, Ry =R, =Me 89: X=8,Ry=Ry;=Me
7d: R = Me 8d: X =0, R, =H, R, =p-Tol 8h: X =8, Ry =H, R, =Ph
Optimized conditions were used for the reaction:
Ph
o O i O
M + )k + PhCHO TMSCI HN R
R CF3 HoN NH, 9)
DMF, 20°C « CF3
(7a-d) (8a, 8e) N~ oH

H

(10)

First, unsubstituted ureas and thioureas (8a, 8¢) were introduced into the reaction.
as a result, hydroxy derivatives (10) were isolated.

When transitioning to substituted ureas and thioureas, a very interesting
dependence of the behavior of the diketone (7a-d) on the nature of the R substituents
was observed.

In the case of R= Ph, OEt, CF; the formation of compounds of type (11) was
observed. However, when going to R = Me (7d), the regioselectivity was reversed with
the formation of cyclization products (12) on the other carbonyl group.

38



CHEMISTRY
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW
PARADIGMS

Ph @)

R =
I~ | vegsiol R = Ph, OEt, CF4
NH
J\ ’
(o]
X TH DMF 20°C o

R2 CF3
R = CF3, OEt, Ph, Me J\ ‘
X N R
X=0,S;R;=H, Me; R, = Me, Ph |
R: (12

Behavior of CF3-f-diketones in the heterocyclization reaction

Conclusions.

As a result of the work carried out, a method for using trimethylchlorosilane
for the cyclocondensation reactions of substituted ureas and thioureas was developed
and optimized. It was possible to achieve quantitative yields of the target products.

For the first time, CF3-B-diketones were introduced into the cyclocondensation
reaction, which, due to the presence of the pharmacoformal CF; group, can be
potentially physiologically active substrates.
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VISION-BASED OBJECT TRACKING AND GRASPING
WITH KALMAN FILTER PREDICTION AND EYE-IN-
HAND REFINEMENT FOR ROBOTIC MANIPULATION

Krechkivska Eleonora,
Student
Lviv Polytechnic National University

Introduction. Modern robotic manipulation systems require accurate perception
and prediction of object motion in dynamic environments. One of the primary
challenges i1s dealing with noisy sensor data and the inherent uncertainty of visual
detection pipelines, especially when objects are in continuous motion on conveyor
systems.

The Kalman filter is a well-established recursive algorithm for estimating the state
of a dynamic system from a sequence of noisy measurements. Operating through
alternating prediction and update stages, it provides optimal state estimation under
linear-Gaussian assumptions and is widely applied in robotics for real-time object
tracking [1, 2].

However, state estimation alone is insufficient when robotic grasping must account
for motion planning delays and gripper approach time. Moreover, a single overhead
camera provides limited accuracy near the grasp point due to occlusion and perspective
distortion. Eye-in-hand refinement — using a secondary camera mounted on the
gripper — can provide precise corrections during the final approach phase [3].

The purpose of this work is to develop and experimentally evaluate a dual-camera
robotic grasping system that combines Kalman filter-based motion prediction with eye-
in-hand sub-pixel refinement for picking moving objects from a conveyor belt in a
simulated environment.

Methodology. The proposed system integrates three main subsystems: (1) object
detection and localisation using computer vision, (2) motion tracking and prediction
using a Kalman filter, and (3) robotic grasp execution with 6-DOF inverse kinematics
and eye-in-hand refinement.

Object detection. Coloured cubes (red, green, blue) are detected by a static
overhead RGB camera using HSV colour segmentation. Contour analysis with
minimum area rectangle fitting provides the pixel-space centre, orientation, and
bounding area. The 2D pixel coordinates are projected to 3D world coordinates using
a pinhole camera model with known intrinsics and extrinsics, assuming a fixed table-
plane height Z = 0.82 m.

Kalman filter tracking. Each detected cube is assigned a persistent track managed
by a track association module (nearest-neighbour with gating). The motion along the
conveyor axis (Y) is modelled by a 1D constant-velocity Kalman filter with state vector
x = [y, w]I. The process noise is modelled with a piecewise-constant acceleration
model (q,cce; = 0.1 m/s?). A configurable measurement noise parameter g,,,,s (default
3 mm) controls the observation covariance R = 6. A normalised innovation squared
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(NIS) gating mechanism (threshold 6¢) rejects outlier measurements after the filter has
accumulated at least three updates.

Eye-in-hand refinement. A secondary RGBD camera is mounted on the gripper.
During the approach and grasp phases, this camera provides refined 3D pose estimates
of the target cube. Sub-pixel corner localisation (cv2.cornerSubPix) improves the
centroid accuracy. Depth is sampled as the median of a 5x5 pixel patch for robustness
against per-pixel noise. The refined offset is applied as an exponential moving average
correction (o = 0.6) to the Kalman-predicted position, clamped to £25 mm. A minimum
of 3 refinement hits within 0.8 s is required before the correction is used (refined lock).

Inverse kinematics and grasp control. A 6-DOF inverse kinematics solver based
on the damped least-squares method with a numerical 6x7 Jacobian computes joint
configurations for the 7-DOF Franka Emika Panda arm. The solver uses a nullspace
projection term to bias toward a nominal joint configuration, with position tolerance of
-2 mm and orientation tolerance of 0.03 rad. During the grasp, the controller
continuously re-solves IK to track the moving cube, closing the gripper while
simultaneously following the target trajectory.

Experimental Setup. The system was evaluated in a Gazebo Harmonic simulation
environment with ROS 2 Jazzy (Fig. 1). Coloured cubes (0.04 m side) travel on a
conveyor belt moving in the negative Y direction. The Panda manipulator is mounted
at a fixed base position (0.20, 0.0, 0.70) m in the world frame. The overhead camera is
positioned at (0.63, —1.55, 1.51) m providing a top-down view of the workspace zone
x € [0.58, 0.69], y € [-0.55, —0.40] m.

Two configurations were evaluated: a baseline system using only the overhead
camera and Kalman prediction (coarse-only), and an improved system with the
additional eye-in-hand refinement module. Measurement noise injection (¢ = 0 to 10
mm) was used to assess robustness. Ground-truth cube positions were obtained directly
from the Gazebo physics engine for accuracy evaluation. A total of 54 grasp attempts
were recorded across all configurations, with error metrics computed as the Euclidean
distance between the gripper tip (from forward kinematics) and the ground-truth cube
position at the moment of grasp.

Figure 1. Object grasping process by Franka Emika Panda in Gazebo environment.

43



COMPUTER SCIENCE
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW
PARADIGMS

Results.

The aggregated experimental results are summarised in Table 1.

Table 1.
Grasp accuracy metrics across all experiments
Metric Value

Total grasp attempts 54

Success rate (%) 87.0
Mean error XYZ, successful grasps (mm) 14.2
Mean error XYZ, failed grasps (mm) 49.8
Mean error XYZ, all grasps (mm) 18.7
Mean detection-to-grasp time (s) 8.4
Refined lock acquisition rate (%) 79.6

Successful grasps (error < 30 mm at grasp moment, confirmed by ground truth)
demonstrated a mean 3D positioning error of 14.2 mm, while failed attempts averaged
49.8 mm. The dominant error component was along the Y-axis (conveyor direction),
consistent with residual prediction uncertainty in the Kalman filter’s velocity estimate.
The eye-in-hand refinement module achieved lock (at least 3 valid corrections within
0.8 s) in 79.6% of approaches, contributing average corrections of 4—8 mm in both X
and Y.

Under injected measurement noise of ¢ = 5 mm, the success rate decreased to
81.5%, and at ¢ = 10 mm it dropped to 72.2%, confirming the system’s sensitivity to
sensor noise and validating the Kalman filter’s role in noise rejection.

Discussion.

The experimental results confirm the effectiveness of combining Kalman filter
prediction with eye-in-hand refinement for grasping moving objects. The Kalman filter
provides stable long-range prediction that accounts for motion planning and gripper
approach delays (typically 1.5-2.5 s from detection to grasp), while the refinement
module corrects residual errors during the final 0.8—1.0 s of the approach.

Several limitations were observed. First, the success rate is sensitive to large initial
positioning errors, particularly when the overhead camera’s projection introduces
systematic bias. Second, the constant-velocity motion model does not capture conveyor
speed variations or cube slippage, which can lead to prediction drift over longer
horizons. Third, the refined lock was not always achieved in time, especially for cubes
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at the edge of the work zone where the gripper camera’s field of view provides fewer
frames before the grasp point.

These results are consistent with existing literature on Kalman filtering for real-
time estimation in robotic systems [1, 4]. The dual-camera architecture demonstrates
that the combination of coarse global tracking with fine local refinement is a practical
approach to handling the accuracy—speed trade-off inherent in conveyor pick-and-place
applications.

Conclusion.

This paper presented a vision-based robotic grasping system that combines Kalman
filter-based tracking with eye-in-hand sub-pixel refinement for picking moving objects
from a conveyor belt. The system achieved an 87% grasp success rate with a mean
positioning error of 14.2 mm for successful grasps across 54 experimental trials in
simulation. The eye-in-hand refinement module contributed measurable accuracy
improvements, achieving lock in approximately 80% of approaches.

Future research will expand the object dataset from simple geometric primitives to
items with complex shapes to evaluate the robustness of YOLOvVS detection. Efforts
will focus on improving the grasp success rate by developing adaptive motion planning
strategies that better account for dynamic object displacement and variable conveyor
speeds. Finally, the system will transition from the simulation to physical experiments
with a real Franka Emika Panda manipulator to validate the algorithmic performance
in a real-world environment.
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In the contemporary dynamic business environment of 2026, employee turnover
has ceased to be a purely administrative issue, transforming into a critical financial
challenge for the global economy. According to the latest Gallup reports, global losses
due to low engagement and employee resignations reach a staggering figure of $10
trillion annually. The economic feasibility of retaining specialists becomes evident
when analyzing the hiring cost structure: replacing an entry-level employee costs a
company between 30% and 50% of their annual salary, while the loss of a niche
specialist or a top manager can lead to damages ranging from 200% to 400% of their
annual income. Beyond direct recruiting costs, which average $4,700 per vacancy,
businesses incur hidden losses from position downtime, which for middle-management
roles can reach $500 per day [1, 2].

Under these circumstances, the use of artificial intelligence is becoming a strategic
necessity, as traditional HR analytics methods based on surveys demonstrate limited
accuracy (approximately 60%) and are reactive in nature. The implementation of
machine learning models allows for increasing forecast accuracy to 85-90%, providing
the opportunity to act proactively. Al is capable of identifying latent behavioral
patterns, such as the correlation between overtime frequency and declining
productivity, which enables management to develop individualized retention plans
even before an employee decides to resign. This transforms the HR department from a
cost center into a unit that directly influences company profitability by minimizing the
"cost of error." [3, 4].

The technical implementation of such an intelligent system is most effectively
based on the combination of the XGBoost algorithm and the SHAP interpretation tool.
The choice of XGBoost (Extreme Gradient Boosting) is driven by its exceptional
ability to handle structured data and its resilience to imbalanced datasets, which are
characteristic of personnel archives. However, in the HR sphere, it is critically
important not only to obtain a forecast but also to understand its underlying causes to
avoid bias and ensure ethical decision-making. This is where SHAP (SHapley Additive
exPlanations) comes to the rescue, decomposing every model prediction. It visualizes
how specific factors—such as salary levels, tenure at the company, or the number of
successfully completed projects—influenced the final turnover risk score for each
individual employee [5].

The overall workflow of the implemented approach is illustrated below:
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Figure 1. Architecture of the development and interpretation process for the
employee turnover prediction model.
Source of the figure: Reprinted from "A Hybrid Predictive Model for Employee
Turnover" by M. 1. Alyousef et al., 2026, Information [5].

Consequently, the integration of predictive models into human resource
management processes allows for the transformation of intuitive management into a
precise science. The pairing of XGBoost and SHAP ensures not only high predictive
accuracy but also the transparency of algorithmic decisions, which is a key factor for
making informed managerial moves. Ultimately, this approach enables companies to
preserve their primary asset—intellectual capital—while simultaneously ensuring
significant financial savings and stable development in a competitive environment.
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ANALYTICAL INVESTIGATION OF PARTICLE
MIGRATION AND DEPOSITION MECHANISMS IN
CLEANROOMS EQUIPPED WITH DISPLACEMENT

VENTILATION

Burda Yurii,
PhD, Associate Professor

Introductions. Displacement ventilation in cleanroom environments has become
an increasingly important research direction because contaminant transport depends
strongly on the interaction between buoyancy-driven air movement, vertical thermal
gradients, and local particle release mechanisms. In [1], a combined analytical,
numerical, and experimental investigation demonstrated how micro-porous air supply
panels alter internal airflow organization and directly influence pollutant spreading
patterns under different ventilation arrangements. The study showed that even minor
variations in supply configuration modify vertical transport pathways and local
stagnation regions, which are decisive for contamination control in cleanroom
conditions.

The practical relevance of these airflow mechanisms is closely related to the
broader problem of engineering reliability in ventilation systems. In [2], attention was
given to quality control in heat, gas supply, and ventilation infrastructure, where
operational stability and energy efficiency were considered as interconnected
requirements for sustainable building performance. These principles are directly
applicable to cleanroom ventilation, where airflow precision must be maintained under
strict environmental constraints.

The energy dimension of controlled air distribution is equally significant. In [3],
building operation strategies integrating energy management and certification practices
were examined, emphasizing that ventilation design must simultaneously satisfy
environmental control targets and resource-efficiency criteria. Such an approach is
especially relevant for displacement ventilation because low-velocity air supply
regimes require accurate balancing between thermal loads and airflow stability.

Recent computational analysis has expanded understanding of displacement
ventilation beyond classical airflow evaluation. In [4], a multi-criteria computational
study compared displacement, mixing, and stratified air distribution, revealing that
displacement ventilation provides favorable contaminant removal under specific
thermal and occupancy conditions, although its effectiveness depends on maintaining
stable vertical stratification without excessive mixing.

Particle behavior near floor level remains one of the most critical unresolved issues
for cleanroom applications. In [5], experimental research showed that floor-supplied
displacement airflow can induce secondary resuspension of previously deposited
particles, especially when local shear stresses exceed the retention threshold of fine
particulate matter. This finding is particularly important for cleanrooms, where

49



CONSTRUCTION AND CIVIL ENGINEERING
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW
PARADIGMS

secondary contamination may compromise controlled environments even when
primary filtration remains effective.

A further source of contamination originates from internal human activity. In [6],
dynamic particle emission generated by occupant movement in biological cleanrooms
was quantified, demonstrating that transient releases strongly disturb local
concentration fields and interact with the vertical transport structure created by
displacement ventilation. The analyzed literature therefore confirms that effective
particle control in cleanrooms requires simultaneous investigation of airflow
architecture, thermal stratification, floor-level resuspension, and transient internal
emission sources.

Aim. The aim of this study is to analytically investigate particle migration and
deposition mechanisms in cleanrooms equipped with displacement ventilation, with
particular attention to the interaction between vertical airflow structure, thermal
stratification, and contaminant transport processes.

Materials and methods. The analytical framework applied in this study is based
on the physical interpretation of particle transport in a vertically stratified air
environment typical for cleanrooms operating with displacement ventilation. The
methodological approach considers the interaction between low-velocity supplied air,
thermally induced upward motion, and the inertial response of suspended particles
under the influence of gravity. The model is formulated for steady indoor operating
conditions in which contaminant transport is determined by local velocity gradients
and density differences between the particle phase and the surrounding air. The
selected mathematical relationships describe the dominant mechanisms governing
particle displacement, vertical settling, and deposition probability near internal
surfaces.

The wvertical migration velocity of a suspended particle under combined
aerodynamic and gravitational influence is expressed as:

d2-(pp—Pa)" 9
18- u

(1)

Up = Vg +

where: v, is the resulting particle velocity, m-s™;
v, is the local upward air velocity, m-s™;
d, 1s particle diameter, m;
pp is particle material density, kg-m™;
P, is air density, kg-m;
g is gravitational acceleration, m-s?;
u is dynamic air viscosity, Pa-s.

This expression characterizes the balance between upward convective transport
generated by displacement airflow and downward settling caused by density
difference. When the upward air component becomes smaller than the settling
contribution, particles gradually migrate toward lower zones of the cleanroom.

50



CONSTRUCTION AND CIVIL ENGINEERING
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW
PARADIGMS

The influence of thermal stratification on local air motion is introduced through the
buoyancy-driven velocity component:

vy — (g H-BAT)"® (2)

where: v, is characteristic buoyancy-induced velocity, m-s-1;
H is vertical distance between supply level and thermal plume
development zone, m;
B is thermal expansion coefficient of air, K-!;
AT is temperature difference between lower and upper air layers, K.

This relation reflects the intensity of upward movement generated by internal heat
sources, which strongly affects the redistribution of fine particles in displacement-
ventilated cleanrooms.

The probability of particle deposition on a cleanroom surface is estimated through
the characteristic residence interaction:

na=1—exp (— vpL. t) 3)

where: 74 1s deposition efficiency, dimensionless;
t is particle residence time in the considered control zone, s;
L is characteristic transport distance to the deposition surface, m.

This expression allows estimation of how transport duration and particle
migration velocity influence the fraction of contaminants removed from the air
stream before reaching critical working zones. Together, these equations form a
simplified analytical basis for evaluating particle behavior under displacement
ventilation conditions in cleanroom applications.

Results and discussion. For analytical evaluation of particle behavior in
cleanrooms equipped with displacement ventilation, it is necessary to quantify how
variations in thermal and aerodynamic conditions alter the balance between upward
transport and gravitational settling. Under practical operating conditions, particle
motion cannot be interpreted solely through nominal air supply velocity, because local
thermal plumes generated by equipment and occupants continuously modify the
internal vertical flow structure. Even under low inlet velocities, thermal stratification
creates additional upward momentum that affects both residence time and deposition
probability. Consequently, the same particulate fraction may exhibit different
migration trajectories depending on temperature gradients and the distance to nearby
surfaces.

A comparative calculation based on representative cleanroom operating parameters
allows the identification of conditions under which particle removal remains effective
and conditions where deposition becomes dominant. Four characteristic regimes were
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selected to represent realistic combinations of supply airflow intensity, thermal

gradient, and particle size typically encountered in controlled environments. The

selected cases correspond to fine suspended particles with diameters within the critical
contamination range for clean manufacturing processes.

Table 1.

Analytical evaluation of particle transport and deposition characteristics under

displacement ventilation conditions

Particle diameter, d, Temperature Resulting particle Deposition efficiency,
(m) difference, AT (K) | velocity, v,(m's™) My
2.0-10° 2 0.031 0.18
4.0-10° 3 0.027 0.26
6.0-10° 4 0.021 0.39
8.0-10°¢ 5 0.015 0.54

The calculated values indicate a clear shift in transport behavior as particle diameter
increases. For the smallest particles, upward air motion remains sufficiently strong to
maintain suspension over longer residence periods, which leads to relatively low
deposition probability. As particle size increases, gravitational contribution becomes
progressively more influential, reducing the effective upward transport velocity even
under intensified thermal stratification.

The strongest deposition tendency appears for particles with diameter 8.0-107°,
where the calculated efficiency exceeds 0.50 despite the highest thermal gradient
among the considered cases. This confirms that thermal uplift alone cannot fully
compensate for increased particle inertia. Intermediate fractions demonstrate
transitional behavior, where modest changes in temperature difference produce
measurable changes in deposition outcome.

The table also demonstrates that increasing thermal gradient improves vertical
transport only within a limited particle-size interval. For larger particles, the additional
buoyancy-driven component delays deposition but does not prevent it. Therefore, in
cleanrooms using displacement ventilation, contamination control depends not only on
maintaining thermal stability but also on limiting particle generation in the larger
suspended fraction, since these particles exhibit the highest probability of surface
accumulation within occupied zones.

Conclusions. The analytical investigation confirms that particle migration in
cleanrooms equipped with displacement ventilation is governed by the combined
influence of upward convective airflow, thermally induced vertical motion, and
gravitational settling, with the relative contribution of each mechanism changing
substantially across different particle fractions. The adopted mathematical model
demonstrates that even under stable low-velocity supply conditions, thermal
stratification does not create uniformly favorable transport conditions for all
contaminants, since particle inertia increasingly limits upward displacement as
diameter grows.
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The calculated results show that fine particles with dimensions close to 2.0-10° m
remain strongly coupled to the vertical air structure and therefore preserve longer
suspension time, which reduces immediate deposition near internal surfaces. As
particle diameter increases, the settling component becomes progressively dominant,
leading to a measurable decline in resulting transport velocity and a simultaneous
increase in deposition efficiency. This trend is clearly reflected in the transition from
0.18 to 0.54 in the calculated deposition indicator across the analyzed parameter range.

The tabulated values also demonstrate that increasing the vertical temperature
gradient improves upward transport only within a restricted operational interval.
Additional buoyancy generated by thermal differences partially compensates
gravitational motion for intermediate particles, but this effect becomes insufficient
when particle size approaches the upper contamination range considered in the model.
Under such conditions, even intensified thermal uplift cannot fully prevent downward
migration toward floor-level or equipment-adjacent surfaces.

These findings indicate that displacement ventilation in cleanrooms achieves
maximum contamination control only when airflow organization is combined with
strict limitation of larger suspended particle generation. From an engineering
perspective, maintaining stable thermal layering is necessary but not sufficient; equal
attention must be given to local sources of particulate release and to geometric
conditions that may shorten particle residence distance to sensitive surfaces. The
obtained analytical relationships therefore provide a practical basis for further
optimization of cleanroom ventilation regimes aimed at minimizing deposition in
critical operational zones.
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PAPUTETHI JAHAINA®TU B ME/KAX 3AXITHOI'O
NOAI/IIA AK OBEKTU MPUPOJTHOI CHAJIIIMHA

Hapuk JIrvo6omup IlerpoBuy,
JTOKTOp TeorpadiyHuX HayK, mpodecop
TepHOMNBCHKUH HallIOHAJTILHUM MieAaroriyHuil yHiBepceuteT iM. B.['HaTioKa

Hapuxk Ilerpo JIrooomupoBuy,
KaHIUIaT reorpadiyHuX HayK, TOICHT
TepHOMIBCHKUH HallIOHAJTILHUM MieAaroriyHuil yHiBepceuteT iM. B.['HaTioKa

Hapuxk Boxogumup JlrobomupoBuy,
MAricTp €KOJIOT1i. aclipaHT
TepHONITBCHKUI HAITIOHAILHUMN TIearoriyHui yHiBepcuTeT iM. B.['HaTioka

Cepen KUTbKOX COTEHb 3aIlOBITHUX TEPUTOPIN Ta 00’€KTIB € JECATOK TaKUX, K1
MarOTh OCOOJIMBE HAyKOBE, OCBITHE, IMi3HaBaJbHE 1 MPOCBITHHUIIbKE 3HadyeHHs. Lli
00’€KTH 3amoBIAAIOTh IIEe 3 MOoYaTKy XX CTOJITTS, MOCWIIOYH 3 POKaMHU
MIPUPOJIOOXOPOHHI PEKHMMH 1 3MIHIOIOUM CTaTyc Kareropidt samoBimaHHs. Jlo ix
JOCIIJKEHHS TOTYYWINCh KUIbKA MOKOJIHb HAYKOBI(IB, IO CIPUS€ BUKOPUCTAHHIO
MOPIBHSJIBHUX METOJMK HAYKOBOIO Mi3HaHHS. Takl 3amOBIAHI TEPUTOPIi HA CHOTOJIHI
MarTh CTaTyCH MPUPOJHOIO 3aMOBIJHMKA a00 HAIIOHAIBHOTO MPHUPOJHOIO MApPKY
3arajbHO/IEPXKABHOTO 3HaueHHS. BoHM € ueHTpamu reHopOHAIB Ta LEHO(OH/IIB,
MICLSIMU 30CEPEIPKEHHSI YHIKAJIbHUX YEPBOHOKHM)KHHMX BHJIB POCIMH 1 TBapuH. B
Mexax 3axigHoro Ilomimist TakuMu TEpUTOPIAMH € JoJIMHA piuku JIHICTEp B Mexax
teputopii HIIIT «/[HicTpoBChKUI KaHBIOH», TOBTPOBHI KpsI’K B MEKax MPUPOTHOTO
3anoBigHUKA «Memxo0opu».

Buxnan ocHoBHOro martepiany. ¥ 2026 poiri Munae 95 pokiB BiJl yacy myOsmiKarii
HAyKOBO1 CTaTT1 BIJJOMOIO MOJBCHKOTO reo0oTaHika Baryias ["aeBcbkuit, mpucBsYEHOT
nepBuHHIN (ropi [[HicTpoBCchbKOTO Kaubiiony. Ilpans min HazBow «Szczgtki flory
pierwotnej w jarze Dniestruy Oyna omyOiikoBaHa y BumaHHi «Ochrona Przyrody.
Rocznik 11» (1931) — oprani 'pomaacekoi paau 3 oxoponu npupoau B Kpakosi [1].

[TyGmikarii nepeayBaiy KOMILIEKCHI T€000TaHIuHI €KCIEAUIIHHI TOCTIKEHHS,
smiicHeHl y 1929-1930 pokax y monuni J[HICTep — BiJl OKOJUIb M. 3aJIIIUKHU 10
rupia p. 30pyd. 3aHENMOKOEHHS TOCTIAHUKA OyJI0 3yMOBJICHE IIBUIKHUMHU TEMITaMHU
Jerpajiaiii  HacKeJIbHO-CTEMOBOT POCAMHHOCTI IIi€1 TEepUTOPli, CHPUUUHEHOT
PO3BUTKOM CaJIIBHUIITBA, BUHOTPAJapCTBa Ta INTEHCUBHOTO BUIIACY XyA00U.

Oco06nuBy yBary mpUPOJOAOCIITHUKIB TPUBEPHYJIU OCEPEIKHM HACKEIbHO-
cTenoBoi (yopu, 1m0 30€perucs y BaXXKOJOCTYIMHUX MICIAX CXWJIB KaHbioHy. L1
VHIKQJIbHI JIJISTHKA OTPUMAaJIM Ha3BY JHICTPOBCHKUX «CTIHOK» 1 CTaJId BaKIIMBUMH
00’ €KTaMH MOJATBIINX TPUPOTOOXOPOHHUX JAOCITIHKEHD (puc. ).
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Puc.1. Yuacauku excrienuirii Ha cxuiax J{Hictpa (apxiBae poTo ekcreautrii
«Juictep 1997»

JIHICTpOBCHKUI KaHBUOH pa3oM 31 crenoBuM [lokyTTsam 1 MenoGopamu B Toit dac
BBa)XABCS OJIHIEIO 3 HaibaraTmux y (IOpUCTUYHOMY BIAHOIIEHHI TepuTopid. I3
3arajbHOl KUIBKOCTI BUAIB BHIIUX CyauHHHX pociimH Cepenuboro I[logHicTpoB’s
(6mmu3bko 1100) TyT 30cepemkeHo MOHAaJ COTHIO €HJIEMIYHHX 1 PEJIIKTOBUX BHUIIB. 3a
piBHEM (PIIOPUCTUYHOT YHIKAIBHOCTI 1€ MPUPOIAHHUI PErioH MOCTYMAEThCS JUIIE
INpcbrkomy Kpumy Ta Yipaincekum KapnaTtam.

®nopa JIHICTPOBCHKOTO KaHBUOHY TMOENHYE €IEMEHTH Pi3HOr0o reorpadiyHOro
MOXO/DKEHHSI — KapIaTchKi, MOHTUYHO-LIEHTPAIbHOA31MChKI, CEPEeA3EMHOMOPCHKI Ta
Oanmkancbki.  J[o  KpyTMX ~ CXWIIB  MIBIEHHOI  €KCMO3UIIl  MPUYpOUYEHi
CepeN3eMHOMOPCHKI BHIH, 30KpEMa KU3WII, TOPJIOBUHA, CKYMITis, ICEHEIb, INCTOBUK
CKOJIOTIEHJPOBUH, KJIIOKMYKA NIEPUCTA Ta 1HIIII.

CremoBa pOCITUHHICTh TpeacTaBieHa (HOpMaIisIMH OCOKA HHU3bKOi, BIBCIOHIIS
beccepa, xoBunmm Bomocuctoi. Came TYT JOKATBbHUMH OCEPEIKaMHU TPaILISIOTHCS
edempa ABOKOIOCA, MHTJANh CTEMOBUH, CIIipes TOJIbChKa, TOPHUIBIT BECHSHUM,
MiHyapIlisi JHICTPOBCHKA, 3asua KoHtomurHa [lInBepexa.

VY ¢nopi nonuuu JIHicTpa 3HAUHY YaCTKY CTAHOBJISATH PEIIKTOBI BUAU POCIHH. o
HUX HaJIekKaTh, 30KpEMa, MUBEPEKis MOITLChKA, MOJIOYall MUTIaJIEBUTHUMN, acTparat
€CHapLETONUCTHI, 3MIETOJIOBHUK AaBCTPIACHKHMA, 4yeOpenps MOAUTBCHKUN, SCEHEb
O1miA, BiIKACHUK OCOTOBUIHUH 1 BimKkacHUK biGepmireitHa, apym beccepa, BepoHika
ripchKa, KaIUIo capMaTchke, MOy BeAMEKa, KIOKHYKa TIEPUCTa, TABOJITA CEPEIHS
Ta IHIIII.

Cepen eHIEMIYHUX BHUJIIB BUPIBHSAIOTBCA CHIpes TOJbChbKa, MoJioYai
JTHICTPOBCHKUN 1 BOJMHCHKUM, yeOpellb OJSITHEHUH, 31HOBAaTh MOALIBChKA, BOJIOIIKA
CX17Ha, CaMOCWJI TTAaHHOHCHKHWM, IIaBJIisl 3apOCiieBa, MIOJOMHUIS BECHSHA, KO3EJbII
MO1IBCHKI, FOPUHES IHICTPOBCHKA.
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30epekeHHsl YHIKaJIbHUX BHIIB, YTPYHOBAaHb POCIWHHOTO CBITY, MPEACTaBHUKIB
piakicHOT Ta eHjeMiuHoi ¢ayHu mnotpeldye mieBUX (OpPM OXOPOHHU, HAIECKHOTO
MOHITOPHUHTY 3a X CTAaHOM 1 CEpeIOBUIIIEM ICHYBaHHS.

Tomy, psii AHICTPOBCHKUX MaM’ATOK IIPUPOJIU 1 3aKa3HUKIB, cTBOpeHux y 30-40-
ipoku XX CTOJNITTS OTPUMYIOTh HOBUM cTaTyc y 70-1 poku. 3okpema, JKexaBChbKHA,
OO61xeBchbkuil 3aka3HUkU y 1974 porti, a ypouuie "Kpuse" y 1978 poii otpumanu
cTaTyc O0TaHIYHUX 3aKa3HUKIB 3araibHOJIEP>KaBHOTO 3HaUCHHS. Y pounina "TpyOuun"
1 "I'mogn" cranu 60TaHIYHUMU TTaM’ ITKAMU TPUPOIU pecyOIiKaHChKOTO 3HAYCHHS Y
1975 pomi. Y 1977 pomi crBopenuid IIpumHicTpoBChKHMI TaHANIAQTHUN 3aKa3HUK
MICIIEBOTO 3HA4YeHHs Ha Tiomli Oins 13 Tuc. ra, B SKWM YBIMIUIM JHICTPOBCHKI
"cTiHku", SKI paHimie He Oyiu B3sTI miag oxopoHy. Craryc OOTaHIYHHMX IaM’SITOK
NPUPOIN 3aralbHOACPKABHOTO 3HAuUeHHS Oyno HamaHo J[3BEHHTOpoOACHKiN Ta
Menbuauns-Ilogineeekiit "crinkam"; 3o3yiauHenbkiii, CUHBKIBCHKIM '"cCTiHKam" Ta
ypouuity "Kpupe" HuHI YOpTKiBCbKOTO paiioHy. ETanmu cBOJIOIIT 3amoBiTHUX
00’ €KTIB JIHICTPOBCHKOI JTOJIMHU MPOJIEMOHCTPOBaH1 y TaoI. 1.

Tabmms 1.
ETanu cTBOpeHHs 3anoBiAHMX 00’ €KTIB B MEKaX JHICTPOBCHKUX "CTIHOK"
(po3po06IeHO aBTOPaAMHU)

Ne | Ha3ma Etanu 3amoBiganHs, kKareropii 00’ekTiB (T1oma o0’ €KTiB, Ta)

3/m | 00’exTy 1968-1972 1974-1978 3 1990-2010 32020

1 XKexascbka | Boraniuna Boraniunuii Boraniunuii 3aka3HUK | BxomxeHHs

CTIHKA mam’sITKa MPUPOIN | 3aKa3HHUK 3araJbHOMIEP’KABHOTO | THICTPOBCHKUX

MICIIEBOTO 3aranpHOIEp)KaBHO | 3HadeHHs (155,0) CTiHOK y
3HadeHHs (2,0); ro 3HaYEHHS HarionanbHuit
Boraniuanit (155,0) MIPUPOIHUH TTapK
3aKa3HUK «/IHicTpOBCHKMH
MICLIEBOTO KaHBEHOH»

3raueHHs (60,0)
2 Samimuneka | -[HpopMmartis - -

CTIHKa BiJICYTHA
3 O6ixxeBchbka | boTaHiunwMit Boraniunuii Boraniunmii 3aKa3HUK
CTiHKa 3aKa3HHK 3aKa3HUK 3araJbHOJICPIKaBHOTO
MICIIEBOTO 3aranpHO/IEp)KaBHO | 3HadeHHs (162,0)
3HaveHHs (162,0) | TO 3HAYCHHS
(162,0)
4 Ypouure Boraniuna Borauniuna BoraniuHuii 3aKa3HUK
"Kpuse" raMm’siITKa PUPOAM | MMaM ATKa IPUPOJN | 3arajlbHOJEPKaBHOTO
MICIIEBOTO MiCIIEBOTO 3HadeHHs (56,0)
3HaueHHs (6,0) 3raueHHs (5,0),
( Teonoriuna
ram’ ITKa PUPOIH
MICIIEBOTO
3raueHHs (1,0)
5 lopomonpka | - Boraniuna Boraniuga mam’siTka
CTiHKa ramM’ITKa MPUPOSN | PUPOIN MICIIEBOTO
MICIIEBOTO 3HadyeHHs 11,4

3HaueHHs (6,0)
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6. 3o03ynuHenb | - Boraniuna Boraniuna mam’sTka

Ka CTiHKa ram’siITKa IPUPOAH | MPUPOIH MICIIEBOTO
MiCIICBOTO 3raveHns (1,0),
3"adeHHs (1,0), Boraniuna mam’sTka
Boraniuna MIPUPOJIU MICIICBOTO
mam’ATKa Ipupou | 3HaueHHs (2,4)
MICIIEBOTO
3HaueHHs (2,4)

7. CunbkiBcbk | Boraniunumit Boraniuna Boraniuna mam’siTka
a CTiHKa 3aKa3HUK IaM’sITKa PUPOIN | IIPUPOIN MICIIEBOTO

MICIIEBOTO MiCIICBOTO 3Ha4eHHA (9,2),
3naveHHs (8,0) 3naveHHs (5,0),

8. Kononapioes | Boraniunwmii Boraniuna Boraniuna mam’sTka

Ka CTiHKa 3aKa3HUK aM’ITKa TIPUPOIA | TIPUPOIH
MICIIEBOTO 3arajxbHO/IEP)KABHO | 3arajbHOACPKABHOTO
3na4yenHs (7,0) ro 3na4yenHs (16,0) | 3nauenns (16,0)

9. lopomiosent | - - -
bKa CTiHKa

10. | MenbHUIBK | - Boraniuna Boraniuna mam’sTka
a cTiHKa mam’ATKa IPUPOJIU | TIPUPOTU MiCLIEBOTO

MiCIICBOTO 3HaveHH (5,0),
3Ha4eHHs (5,0),

11. | JI3Benuropo | - Boraniuna Boraniuna mam’sTka
JIChKa ram’siTKa IPUPOAH | MPUPOIH MICIIEBOTO
CTiHKa MiCIICBOTO 3HadeHHs (3,0),

3HaveHHA (3,0), Boraniuna mam’siTka
Teosoriyna MIPUPOJIU MICIICBOTO
mmam’siTKa mpupoan | 3HaueHHH (2,0),
MICLIEBOTO I'eonoriyna mam’siTka
3ravyenHs (0,15) MPUPOIN MiCIIEBOTO
3nayenss (0,15)

12. | TpyOumHCchK | boraniunwmii Kommnnekcna Kommnekcna

a CTiHKa 3aKa3HUK mam’sITKa MPUPOAH | TTaM’ SITKa TPUPOIH
MICIIEBOTO 3araJbHOICPIKABHO | 3arajbHOICPKABHOTO
3HaveHHA (5,0), ro 3Ha4eHHd (5,0) 3HaueHHs (5,0)
I'eonoriuna I'eonoriuna
mam’siTKa MPUPOAN | TaM’ ATKa MPUPO-aH
MICIIEBOTO MICIIEBOTO
3Havenss (0,1) 3"aveHHs (1,0)

13 | Okonceka I'eonoriuna I'eonoriuna mam’siTka
CTiHKa ram’siTka IPUPOAH | MPUPOIH MICIIEBOTO

MICIIEBOTO snauyeHHs (1,0)
3HaueHHs (1,0)

CtaHOM Ha ChOTOJHI YHIKaJIbHI MPUPOJHI JIAHAMAPTH THICTPOBCHKOI JOJUHU
BXOJISITH JIO CKJIAAy HAI[IOHAJIILHOTO MPUPOJIHOTO MapKy «/[HICTpOBCHKMIA KaHBIOH» 3

HaJIC)KHUM PEKUMOM OXOPOHH 1 T€0CKOJIOTIYHIM MOHITOPHHTOM [3].
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Puc.2. bykosuii nic y 113 «Menobopu» (poTo aBTOpIB)

Hactynmuum Takum 00’€KTOM 3 YHIKaJIbHUMH NPUPOJHUMHU JaHIapTaMu 1
TPUBAJIUM TEPIOJIOM BUBYEHHS 1 OXOPOHH MOKHA BBAaXKaTU TEPUTOPII0 HUHIIIHBOTO
MPUPOIHOTO 3anoBiiHuKa «Menooopuy». [IpodiemaTuka oxopoHu TOBTPOBOTO KPsIKY
nopyuryBaiacs e Ha no4arky XX CTOMITTS MOJbCbKUMH JOciiTHUKamMu. Y 1908—
1910 pp. Bnagucnas Illadep nmigHiMae mUTaHHS PO OXOPOHY MPUPOIU B Menobopax.
Vaxe B 1910 poti 3 MeToro 30epe’keHHs MOXOBAaTKOBO-KOPAJIOBHUX CKEJIb CAPMATCHKOTO
BIKY Ta YHIKaJIbHOI MOJAUIBCHKOI CTEMOBOI POCIMHHOCTI OyJO CTBOPEHO CTEIMOBI
pe3epBaTH y BOJIOAIHHAX 3emuieBnacHuKa degoposuua Ha ropax ['octpa 1 Lumens.
Bononucnas (Bonogumup) ®denoposuu (1845-1917) — BU3HAYHUN TraduIbKUMA
3€MJICBJIACHUK, MEIICHAT Ta TPOMAJICHKO-TIOIITUYHUHN 514, SIKAW OJTHUM 13 TIEPIITUX HA
TepHOMIBIIMHI YCBIIOMUB HEOOX1THICTH OXOPOHU MPUPOIU Ta 1HIIIFOBAB CTBOPEHHS
OOTaHIYHUX pe3epBaTiB. Y Ied ke MmepioJ] HaAyKOBO OOIPYHTOBAHO HEOOXI1JIHICTh
oprasizaiii JjicoBoro peseppary «Bomuis» (HuHi — KpacHSHCBKE JICHHUITBO).
OdimiitHo pesepBar mnpoicHyBaB 1101939 poky. CrapaHHAMH BITYM3HSIHHUX
MPUPOIOIOCTITHUKIB Y 60-X pokax XX CT. Ha HUHIIIHIN TEPUTOPIT 3aNIOBITHUKA OYJI0
CTBOPEHO psj 3aKa3HUKIB MICIIEBOTO 3HadeHHs, a y 1982 poii opraHizoBaHUi
Menob6ipchkuil 1ep)KaBHUN TeOoJOT1uHMM 3aka3HUK Tuiomero 8071 ra, skuit y 1990
POIIl YBINIIIOB JI0 CKJIATy MPUPOIHOTO 3amoBigHUKA «Memobopuy.

[Ipuponnuii 3anoBigHuk «Menobopu» — 100pe Bijoma B YKpaiHi Ta 3a i MmexamMu
ycTaHoBa, miommeto 9516, 7 ra. Moro Tepuropis - 1ie HaitGinbIn 36epexeHa 4JacTHHA
ToBTpoBOI rpsiau, 10 chopMyBajacs y cepeaHbO- Ta BEPXHLOMIOIEHOBUM TEepioau
(6mm3pko 15-20 muH. pokiB Tomy) sik Oap'epuuit pu¢p Ha aHI CapMaTchKOro
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(Tamimiiicekoro) mops. OgHUM 3 1HIIIATOPIB CTBOPEHHS 3amoBigHUKA OyB BiIOMUMN
pUpoI00XopoHelb Mukona YalkoBcbkuid [2]. Bike Oubliie TPUIALATH 1’ SITH POKIB
KOJIEKTUB MPHUPOIHOTO 3alOBIAHMKA € TOJIOBHUM MPUPOJOOXOPOHIIEM MPUPOIU
PIIHOTO Kparo.
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Abstract

This quasi-experimental study investigated the effects of gamified instruction on
algebra achievement and student motivation in two private eighth-grade schools in
Kazakhstan. Each school included an experimental group and a control group of 12
students, and achievement and motivation were measured before and after the
intervention using two surveys. Data were analyzed using descriptive statistics and the
Wilcoxon Signed Rank Test for paired samples. The findings indicated significant
gains in algebra achievement and motivation in the experimental groups, while the
control groups showed no meaningful change in motivation and only minor
improvement in achievement. Overall, the results suggest that gamified learning
through ClassDojo can be an effective strategy for improving algebra learning
outcomes in the Kazakhstani context.

Keywords: gamification, gamification techniques, algebra, achievement,
motivation, ClassDojo

Introduction and Literature Review

Gamification has become an important instructional approach in educational
research because it uses game design elements to increase motivation, engagement, and
participation in non-game learning environments. Recent evidence suggests that
gamification is especially promising in mathematics education. A systematic review
and meta-analysis by Ratinho et al. (2026) found a small-to-moderate positive effect
of gamification on motivation in mathematics at the secondary and higher education
levels, although engagement could not be meta-analyzed because validated measures
were not used consistently (Ratinho, 2026).

Earlier reviews also show that gamification research generally reports positive
outcomes, but the results remain mixed and depend on context, learner characteristics,
and implementation design. Dichev and Dicheva (2017) emphasized that gamification
has therefore attracted increasing attention as an instructional strategy for improving
motivation, participation, and learning outcomes by incorporating game design
elements into educational settings. Koivisto and Hamari (2019) likewise found that
points, badges, and leaderboards are among the most common gamification elements,
but the research base still lacks coherence in theoretical grounding and measurement.
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A growing body of empirical research suggests that gamified learning can also
improve academic performance. In a case study of gamified programming activities,
Ibafiez, Di Serio, and Delgado Kloos (2014) reported positive effects on student
engagement and a moderate improvement in learning outcomes. Smiderle et al. (2020)
showed that gamification can affect learning and engagement differently depending on
learner characteristics, which means that not all students respond to gamified
environments in the same way. As shown in Figure 1, Werbach and Hunter’s pyramidal
model explains gamification through three levels: components,mechanics, and
dynamics. It is a useful framework for understanding how individual game elements
can be combined to create a more engaging learning experience.

- Constraints - Achievements
- Emotions - Avatars
- Narrations Challenges - Badges
DYNAMICS - Progression i (‘h""'“' ) - - Collections
- Relationships - Cooperation and Competition - Boss Fights
- Feedback - Combats
- Resource Acquisition - Content Unlocking
- Rewards Gifting
MECHANICS - Transactions - Leaderboard
- Turns Levels
- Win States Points
- Quests
- Social Graph
COMPONENTS - Teams
J \ - Virtual Goods

Figure 1. Pyramidal design Model
Source of the figure: Werbach & Hunter (2012).

Evidence from mathematics education further supports the value of gamified or
game-based approaches. Fuentes-Cabrera et al. (2020) found that an escape room
methodology in mathematics improved achievement, motivation, autonomy, and
reduced learning anxiety compared with traditional instruction. More broadly, Wang
et al. (2022) reported that digital game-based STEM education had a moderate overall
positive effect on learning achievement across 33 studies.

Despite this growing body of research, the impact of gamification on student
learning performance in Kazakhstani schools remains underexplored. The present
study therefore addresses this gap by examining whether gamified instruction through
ClassDojo can improve algebra achievement and motivation among eighth-grade
students in Kazakhstan. ClassDojo is one of the most commonly used tools for
implementing gamified classroom practices. It allows teachers to monitor student
behavior and learning progress while awarding points, badges, and other rewards that
support student engagement. The platform is also cost-effective and accessible across
multiple devices, which makes it practical for classroom use. The study tests two
hypotheses: first, that gamification techniques significantly improve students’
achievement in algebra, and second, that they positively affect students’ motivation to
learn algebra.
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Methodology

This study employed a quantitative quasi-experimental design with pretest and
posttest measures and comparison groups. The design was selected to examine the
effect of gamified instruction delivered through ClassDojo on eighth-grade students’
algebra achievement and motivation in Kazakhstan.

The study was conducted in two private schools in Kazakhstan and involved
eighth-grade students. Each school included one experimental group and one control
group, with 12 students in each group, yielding a total sample of 48 participants.

The intervention lasted four weeks. During this period, students attended 45-minute
algebra lessons three times per week, and the instructional content focused on quadratic
equations. The experimental groups received gamified instruction through ClassDojo,
whereas the control groups continued with traditional instruction.

Before the intervention, all participants completed pretests measuring algebra
achievement and motivation. The same instruments were administered again after the
intervention to assess changes over time. The gamified learning process incorporated
points, badges, rewards, and a leaderboard to encourage participation and engagement
throughout the intervention. First of all, researchers identified the rules and reward
system on the ClassDojo app based on the gamification elements of (Werbach &
Hunter, 2015). Figure 2 illustrates the gamified training process.

« Determining reward system based on gamification

techniques;
Planning . .Prcparmg the syvllabus for three-week gamified
intervation;
Process : o .
« Preparing activities and gamified tools based on
(1 week) the syllabus:
« Informing the students about gamified training;
. o Introducing the students with ClassDojo and
Implementation 220 i
registering on it with avatars;
P{ ocess « Announcing the reward system. and rules:
(3 week) « Utlizing gamified tools and activites according to
syllabus;
Evaluation « Awardin ints and badges 1o students based on
2 po 2
Process their results at the end of the training,

(1 week)

Figure 2. Gamified training process summary
Source of the figure: author's development.

Two surveys were used in the study, one measuring algebra achievement and the

other measuring motivation to learn algebra. Both instruments were administered
before and after the intervention to evaluate changes in student outcomes.
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Data were analyzed using descriptive statistics, including the mean and standard
deviation, as well as inferential statistics using the Wilcoxon Signed Rank Test for
paired samples. The significance level was set at .05. This approach made it possible
to compare pretest and posttest results within each group and determine whether
gamification produced measurable changes in achievement and motivation.

Results

Algebra Achievement

Wilcoxon signed-rank analyses showed that the experimental group in the School
demonstrated a substantial increase in algebra achievement from pretest to posttest,
with the mean score rising from 49.25 to 69.17 as shown in Table 1. This change was
statistically significant, W =0, z = 3.08, p =.001, r =.89, indicating a very large effect.

Table 1.
The experimental group results of achievement test scores of the School by the
Wilcoxon Signed Rank test

Post-test — Pre-test N Rank Mean Rank Sum z p r
Negative Ranks 0 0 0 3.08 0.001 0.89
Positive Ranks 12 6.5 78
Ties 0 - "
Total 12

Note. r — effect size, |r| > 5 — large effect, p < 0.05.

A similar pattern was observed in the Lyceum experimental group, where the mean
achievement score increased from 72.67 to 91.00 after the intervention. This
improvement was also statistically significant, W = 0, z = 3.06, p =.001, r =.88,
reflecting a very large effect.

By contrast, the control group in the School showed only a modest increase in
achievement, from 73.75 to 79.67, although the Wilcoxon test still indicated a
significant difference, W = 8.5, z = 1.94, p =.026, r =.56. The Lyceum control group
showed only a slight increase from 43.83 to 47.00, and this change was not statistically
significant, W = 31, z = 0.63, p =.265, r =.18 as highlighted in Table 2.

Table 2.
The control group results of achievement test scores of the Lyceum by the Wilcoxon
Signed Rank test
Post-test - Pre-test N Rank Mean Rank Sum z P r
* Negative Ranks 5 6.2 3] 063 0265 0.18
Positive Ranks 7 6.71 47
Ties 0 - -
Total 12
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Motivation
The experimental group in the School also showed a marked improvement in
motivation, with the mean score increasing from 43.83 to 57.83. This change was
statistically significant, W =0, z = 2.94, p =.002, r =.85, indicating a very large effect.
The Lyceum experimental group demonstrated a comparable improvement in
motivation, with the mean score rising from 46.67 to 59.17 as illustrated in Table 3.
The Wilcoxon signed-rank test confirmed that this increase was statistically significant,
W=7 z=251p=.0006,r=.73, representing a large effect.
Table 3.

The descriptive statistic of the algebra motivation scores in the Lyceum
Control Experimental

Pre-test Post-test Pre-test Post-test

Count 12 12
Mean 43.08  46.83 46.67 59.17
Median A 475 4 67
Standard Deviation  13.07 10.32 15.23 13.63

In contrast, the School control group showed virtually no change in motivation,
with the mean score decreasing slightly from 60.25 to 60.00. This difference was not
statistically significant, W = 17, z = 0.14, p =.444, r =.04. The Lyceum control group
likewise showed only a small increase from 43.08 to 46.83, which was not statistically
significant, W =15, z = 1.60, p =.055, r =.46.

Overall, the results indicate that gamified instruction through ClassDojo was
associated with higher gains in both algebra achievement and motivation in the
experimental groups, whereas the control groups showed limited or non-significant
change.

Discussion

The present study showed that gamified instruction delivered through ClassDojo
was associated with significant gains in both algebra achievement and motivation
among students in the experimental groups, whereas the control groups showed only
limited or nonsignificant change. These findings support the study’s hypotheses that
gamification can improve achievement and motivation in eighth-grade algebra
classrooms in Kazakhstan.

The results are consistent with the broader gamification literature, which generally
reports positive effects on motivation and learning outcomes, although the strength of
those effects varies across contexts and designs. Dichev and Dicheva (2017) argued
that gamification is promising but still lacks strong long-term evidence, while Koivisto
and Hamari (2019) concluded that research often shows positive outcomes but remains
theoretically and methodologically uneven. More recent evidence in mathematics
education also indicates that gamification has a positive effect on motivation,
particularly when it is designed around students’ needs and supported by clear
instructional goals (Oliveira et al., 2023).
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The improvement observed in the present study is also in line with empirical studies
showing that gamified activities can increase engagement and produce gains in
learning outcomes. Ibanez et al. (2014) found positive effects of gamified learning on
student engagement and a moderate improvement in learning outcomes, while Fuentes-
Cabrera et al. (2020) reported that a gamified mathematics escape room improved
achievement, motivation, and autonomy and reduced learning anxiety. In the current
study, the use of points, badges, rewards, and a leaderboard in ClassDojo likely helped
make students’ progress more visible and their participation more rewarding. The
strong motivational gains in the experimental groups are also consistent with evidence
that gamified learning often works through both extrinsic rewards and increased
interest in the learning task.

These findings are particularly relevant because algebra is often experienced as
abstract and challenging, which can reduce student confidence and engagement. In this
study, gamification appears to have created a more engaging learning environment that
supported both performance and motivation in a context where the educational value
of gamification has been relatively underexplored. This aligns with the view that
gamification may be especially useful when it is applied to demanding subjects and
adapted to the local classroom context.

The nonsignificant or minimal changes in the control groups suggest that traditional
instruction alone was less effective in producing the same gains over the intervention
period. This pattern supports the broader conclusion that gamification is not a universal
solution, but its effectiveness depends on how well the game elements fit the subject
matter, learners, and instructional setting.

From a practical perspective, the findings suggest that ClassDojo can be a useful
and accessible tool for strengthening participation and motivation in secondary
mathematics classrooms. The study also suggests that teachers may benefit from
combining gamified elements with clear academic goals and consistent feedback,
especially in algebra lessons where student motivation is often difficult to sustain.

A limitation of the study is that it involved a relatively small sample and a four-
week intervention, which limits the extent to which the findings can be generalized to
other settings or interpreted as evidence of long-term impact. Future research should
therefore include larger samples, longer interventions, and validated measures of both
motivation and engagement to strengthen the evidence base.

Conclusion

This study found that gamified instruction through ClassDojo was associated with
meaningful improvements in both algebra achievement and motivation among eighth-
grade students in Kazakhstan. The experimental groups showed statistically significant
gains with large effect sizes, whereas the control groups showed limited or
nonsignificant change.

Overall, the findings support the conclusion that gamification can be an effective
instructional strategy for improving algebra learning outcomes in the secondary school
context. The study also suggests that gamified learning may help address low
engagement and motivation in mathematics classrooms, particularly where algebra is
perceived as difficult and abstract.
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Although the results are encouraging, the study was limited by its small sample and
short intervention period, which means that further research is needed before broad
generalizations can be made. Future studies should examine larger samples, longer
implementations, and additional educational settings to determine whether the positive
effects of gamification are sustained over time.
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In the dynamic world of education, where student's attention is always a big
handicap, educational technology emerges as an invaluable ally to motivate, engage
and enhance the learning process. Student motivation is the driving force that pushes
learners to engage with educational content, complete assignments, and pursue
academic goals. It's the difference between a student who eagerly participates in class
and one who struggles to stay focused. Traditional educational methods often fail to
maintain student engagement. Long lectures, repetitive assignments, and one-size-fits-
all approaches can quickly drain motivation. This is where technology steps in as a
game-changer.

In today's digital age, understanding how technology helps student motivation has
become crucial for students, parents, and educators alike. From interactive learning
apps to Al-powered study partners, technology is reshaping the educational landscape
and making learning more engaging than ever before. It has transformed from an
optional enhancement to an essential component of effective learning
environments. Educational technology encompasses a diverse array of digital tools,
platforms, and resources designed to enhance teaching practices and improve student
learning outcomes [1]. Technology has revolutionised the way we work and manage
our time. With various productivity tools and applications designed to streamline tasks,
users can maximise efficiency like never before. With an abundance of online
resources available, technology provides countless opportunities for self-improvement
and skill development.

What we can access:

— Online courses and tutorials (e.g., Coursera, Udemy)
— E-books and audiobooks
— Educational podcasts and webinars

Engaging with these resources allows us to acquire new skills at our own pace,
whether for personal interest or career advancement. The sense of progress and
achievement gained from learning something new can be a tremendous motivator,
fostering a growth mindset and encouraging continuous self-improvement. Technology
keeps us connected and allows us to build supportive communities, which can be
incredibly motivating, especially in challenging times.

What we can use:
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— Social media platforms (e.g., LinkedIn, Facebook)
— Online forums and communities (e.g., Reddit, Meetup)
— Collaboration tools (e.g., Zoom, Slack)

By engaging with like-minded individuals and participating in discussions, we can
share our struggles and successes, gaining encouragement from others. A strong sense
of community fosters accountability and motivation, driving us to pursue our goals
alongside supportive peers.

The integration of educational technology represents more than simply digitizing
traditional materials or adding computers to classrooms. When implemented with
pedagogical purpose and thoughtful planning, digital learning tools can transform
educational experiences by providing immediate feedback, adapting to individual
learning needs, visualizing complex concepts, and connecting students with resources
and opportunities beyond classroom walls. Understanding how to select and implement
these tools effectively, while addressing concerns about screen time and digital
distractions, creates educational environments that harness technology’s benefits while
maintaining the essential human components of learning.

Using technology in the classroom offers many benefits for both students and
teachers. Today’s students are already interested in technology; blending it into lessons
can make learning more fun and engaging. It helps students improve knowledge
retention and allows for individual learning, catering to different learning styles and
abilities. Technology also encourages collaboration, meaning students can work
together more easily. Technology provides teachers with valuable resources and tools
to enhance traditional teaching methods [2]. Virtual lesson plans, grading software, and
online assessments can save time, allowing teachers to focus more on students who
need extra help. Technology also helps develop essential life skills in students,
preparing them for future success.

So what are the top 6 benefits of using technology in the classroom?

- When technology is integrated into lessons, students are expected to be more
interested in the subjects they are studying. Technology provides different
opportunities to make learning more fun and enjoyable in terms of teaching same things
in new ways. For instance, delivering teaching through gamification, taking students
on virtual field trips and using other online learning resources. What is more,
technology can encourage a more active participation in the learning process which can
be hard to achieve through a traditional lecture environment.

- Students who are engaged and interested in things they are studying, are expected
to have a better knowledge retention. As mentioned before, technology can help to
encourage active participation in the classroom which also is a very important factor
for increased knowledge retention. Different forms of technology can be used to
experiment with and decide what works best for students in terms of retaining their
knowledge.

- No one learns in the same way because of different learning styles and different
abilities. Technology provides great opportunities for making learning more effective
for everyone with different needs. For example, students can learn at their own speed,
review difficult concepts or skip ahead if they need to. What is more, technology can
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provide more opportunities for struggling or disabled students. Access to the Internet
gives students access to a broad range of resources to conduct research in different
ways, which in turn can increase the engagement.

- Students can practice collaboration skills by getting involved in different online
activities. For instance, working on different projects by collaborating with others on
forums or by sharing documents on their virtual learning environments. Technology
can encourage collaboration with students in the same classroom, same school and
even with other classrooms around the world.

- By using technology in the classroom, both teachers and students can develop
skills essential for the 21st century. Students can gain the skills they will need to be
successful in the future. Modern learning is about collaborating with others, solving
complex problems, critical thinking, developing different forms of communication and
leadership skills, and improving motivation and productivity. What is more,
technology can help develop many practical skills, including creating presentations,
learning to differentiate reliable from unreliable sources on the Internet, maintaining
proper online etiquette, and writing emails. These are very important skills that can be
developed in the classroom [3].

Needless to say that with countless online resources, technology can help improve
teaching. Teachers can use different apps or trusted online resources to enhance the
traditional ways of teaching and to keep students more engaged. Virtual lesson plans,
grading software and online assessments can help teachers save a lot time. This
valuable time can be used for working with students who are struggling. What is more,
having virtual learning environments in schools enhances collaboration and knowledge
sharing between teachers.

Technology alone does not guarantee that students are motivated [4]. Teachers play
a key role in creating a good working environment. Here are some strategies:

1. Personal relationship: Establish a personal connection with your students.
Technology can be useful, but the human factor is still essential to build trust and
empathy.

2. Variety of content: Alternate between different types of content, such as
educational videos, online readings and group discussions. Diversity maintains interest
and addresses diverse learning styles.

3. Challenge and reward: Integrate gamification elements into your approach.
Challenge and reward achievement, which encourages healthy competition and
consistent effort.

4. Effective use of educational technology tools: Take advantage of this to create
interactive assessments, and online discussions and track individual progress.
5. Encourage creativity: Use technology to allow students to create their own content.
Blogs, multimedia projects and online presentations make them more empowered.

Technology transforms passive learning into active participation. Interactive
simulations, virtual labs, and multimedia presentations capture students' attention more
effectively than traditional textbooks. When students can manipulate variables in a
physics simulation or explore ancient Rome through virtual reality, learning becomes
an adventure rather than a chore.
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But we shouldn't forget about the challenges of tech-driven learning. The same
devices that enable learning can also become sources of distraction [5]. Social media
notifications, games, and entertainment content compete for students' attention. Too
much screen time can lead to fatigue and reduced motivation. Students need to find the
right balance between digital and traditional learning methods. Not all students have
equal access to devices and high-speed internet, creating a digital divide that can affect
motivation and learning outcomes.

Technology has proven to be a powerful ally in boosting student motivation. It has
transformed how students learn and interact with the world around them. However, the
success of educational technology depends on thoughtful implementation and a
commitment to addressing challenges like the digital divide and distraction.
Incorporating technology into your daily life can provide significant motivational
benefits, from enhanced productivity and access to learning opportunities to building
connections with others. Embracing these tools empowers you to take control of your
personal and professional growth, reinforcing your journey toward success. We should
remember that technology is most effective when it complements good study habits
and clear goals. By combining the right digital tools with consistent effort and strategic
planning, we can unlock students' full learning potential and maintain motivation
throughout their educational journey.
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The relevance of this topic stems from the need to modernize higher education and
find new ways to improve the quality of professional training. In the modern
pedagogical paradigm, the focus is shifting from the reproductive transmission of
knowledge to person-centered learning. Identifying perceptual modalities (the primary
channels of information perception) allows for the consideration of students’
psychophysiological characteristics, which is a key factor in optimizing the learning
process. A mismatch between teaching methods and students’ dominant perception
modalities (visual, auditory, kinesthetic) often leads to cognitive overload and reduced
motivation, which directly correlates with academic performance.

Identifying students’ dominant perception type (perceptual modalities) is a
strategic approach to optimizing the learning process, based on the VAKD model
(Visual, Auditory, Kinesthetic, Digital).

Primary perceptual modalities:

» visual: perception through sight (pictures, diagrams, graphs);

« auditory: perception through hearing (lectures, discussions, sounds);

* kinesthetic: perception through movement, touch, and emotions (hands-on
activities);

« digital (discrete): perception through logic, symbols, written language.

Identifying perceptual modalities is the first step in optimizing the learning process.
There are a number of strategies and methods that help determine how a learner
perceives information.

1. Psychodiagnostic methods (testing)

The most effective method is the use of specialized questionnaires:

* S. Yefremtsev’s method (“Diagnosis of Dominant Perceptual Modality”): A test
consisting of 48 statements designed to determine which channel (visual, auditory,
kinesthetic) is dominant;

* VARK questionnaire (Visual, Aural, Read/Write, Kinesthetic): A classic tool
(developed by Neil Fleming) for determining how students learn best, offering four
types of responses to situational questions;

* J. O’Connor’s method: Identification of representational systems [1].

2. Observation (behavioral analysis)

The instructor can determine the type of perception based on students’ behavior
during class:
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— visual learners: take notes more often, use colored markers, look directly at the
instructor, say “I see,” “look™;

— auditory learners: enjoy discussions, are often distracted by sounds, remember
things better when heard, say “I hear,” “that sounds good”;

— kinesthetic learners: move around frequently, need breaks, enjoy experiments,
remember emotions and sensations.

3. The “Trial Tasks” Method (Experimental Strategy)

The instructor presents the same material in different formats and observes which
group of students absorbs the information more quickly:

group A: receives complex diagrams and infographics (visual focus);

group B: listens to a lecture or podcast without visual accompaniment (auditory
focus);

group C: performs a practical task, lab work, or builds a model (kinesthetic focus).

4. Analysis of Learning Activities

Note-taking style: visual learners draw diagrams, auditory learners write little or
record on a voice recorder, kinesthetic learners jot down only keywords or make
chaotic notes.

Reaction to the material: some understand a graph better (visual), while others
grasp an oral explanation better (auditory).

5. The Polymodal Learning Strategy (Mix & Match)

Instead of dividing students into groups, the instructor uses a multisensory
approach. If, after a lecture on graphs, students ask follow-up questions about the “feel”
of the process, this is a sign that there are a significant number of kinesthetic learners
in the group [2].

It is rare to encounter a “pure” perception type. For the most part, a person
possesses elements of each thinking type, but at the same time, each individual has a
dominant perception type. It is this dominant type that is used to classify a person into
one of the categories.

Multimodality in learning results from combining two or more of the four VARK
modalities — visual (V), auditory (A), reading/writing (R), and kinesthetic (K) — where
a combination of these modalities is used instead of focusing on a single dominant
method of information acquisition.

A key advantage of multimodal learning is the ability to adapt to different teaching
styles and learning materials. Students who can effectively switch between visual,
auditory, reading/writing, and kinesthetic learning styles are better prepared to thrive
in diverse learning environments. This adaptability not only improves their academic
performance but also prepares them for the dynamic demands of the real world, where
information is often presented in various formats.

These characteristics of students should be taken into account, as under favorable
conditions, the instructor can achieve high academic performance.

Combining students’ individual perceptual characteristics with psychologically
and pedagogically sound teaching methods will promote flexibility, interactivity, and
a greater intellectual interest in learning.
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The integration of art and science represents an innovative methodological
approach in teaching biological disciplines. This paper explores how interdisciplinary
practices combining artistic expression and scientific inquiry enhance students’
cognitive engagement, creativity, and understanding of complex biological concepts.
Drawing on contemporary research in STEAM education, the study highlights the
pedagogical value of arts-based methods in fostering systems thinking, improving
memory retention, and increasing motivation in biology learning. The paper argues that
art - science integration contributes to the development of holistic and flexible thinking
essential for modern biological education [1].

Modern biology increasingly requires interdisciplinary approaches, as scientific
problems are complex and interconnected. Integrating art helps bridge disciplinary
boundaries and supports holistic learning.

Arts-based methods contribute to the development of observation, spatial
reasoning, creativity, and scientific imagination - skills essential for biological research
and learning [2].

Art-science integration can stimulate curiosity and emotional involvement,
making biological content more accessible and engaging for students, especially non-
specialists.

Studies show that arts-integrated instruction improves retention of scientific
knowledge and supports deeper understanding of complex concepts [3].

Art-based approaches in STEM/STEAM education promote systems thinking,
enabling students to perceive biological systems as interconnected structures rather
than isolated elements [4].

Despite its benefits, art-science integration faces challenges such as lack of
standardized methodologies, limited empirical evidence, and institutional separation of
disciplines.

For example, in teaching a course on the “Survey of Science”, I incorporated
seminar-based approaches that drew upon knowledge from various biological
disciplines, including biochemistry, molecular biology, ecology, and climatology [5,
6]. In addition, I encouraged students to imagine themselves as professionals from
different artistic fields - such as painting, music, and cultural studies related to nutrition
and healthy lifestyles.

This approach was met with great enthusiasm and engagement. As a result, | had
the pleasure of reviewing a wide range of creative and insightful student projects,
including topics such as “The Ideal Perfume Formula for a Student, Considering
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Multiple Influencing Factors,” “Music and the Mood of Nature and Weather
Phenomena,” “The Ideal Lunch Menu for a Student,” and “How Great Painters
Represented Natural Phenomena and Symbolism in Their Works” [7 - 9]. These and
many other examples demonstrated remarkable creativity and intellectual curiosity.

In my view, the integration of in-depth scientific knowledge with students’
creative potential yields highly positive outcomes. It not only provides an opportunity
for students to express their talents but also stimulates genuine interest in the deeper
and more detailed study of science [10 — 12].

Art-science integration is a promising methodological approach in teaching
biological disciplines. It enhances creativity, engagement, and interdisciplinary
thinking, contributing to more effective and meaningful learning. Further empirical
research is needed to evaluate long-term educational outcomes and develop structured
implementation strategies.
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In the current conditions of the functioning of the State Emergency Service of
Ukraine, an important place is occupied by engineering support for the actions of units
during the liquidation of the consequences of emergency situations, as well as during
martial law. One of the key elements of such support is the installation and overcoming
of non-explosive engineering barriers.

Non-explosive barriers are used to restrict access to hazardous areas, protect
personnel, contain the consequences of accidents and disasters, and ensure the safe
performance of emergency and rescue operations. They can be created both from local
materials and using industrial products, which ensures their rapid deployment in
conditions of limited time.

The practice of the units of the State Emergency Service of Ukraine indicates the
presence of a number of systemic problems in the field of installation and overcoming
of non-explosive engineering barriers, which directly affect the effectiveness of
performing assigned tasks.

First of all, it should be noted the insufficient level of material and technical support
of the units, which is manifested in the limited number of modern engineering
equipment, in particular excavators, bulldozers and specialized barrier machines. As a
result, it is significantly difficult to perform engineering work in a short time, especially
in conditions of large-scale destruction or the need for a quick response.
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An equally important problem is the insufficient level of training of personnel for
performing engineering work in difficult and dangerous conditions. This includes work
in areas of destruction, fires, chemical contamination, as well as under the threat of
repeated injuries. The lack of proper practical training and proven algorithms of actions
in such conditions leads to a decrease in the efficiency of work and an increase in risks
for rescuers.

Special attention should be paid to the problems of organizing interaction between
different services and units during the elimination of the consequences of emergencies
[2]. In cases of large-scale events, insufficient coordination of actions can lead to
duplication of functions, loss of time and irrational use of available resources.

Significant difficulties also arise when overcoming existing obstacles created by
hostilities or the destruction of infrastructure. Such blockages often have a complex
structure, significant volumes, and require the involvement of powerful engineering
equipment, which, in turn, increases the duration of work and the burden on personnel.

The problem of the lack of standard electronic defense equipment on engineering
equipment is particularly relevant in modern conditions. Given the active use of
unmanned aerial vehicles by the enemy, in particular FPV drones and reconnaissance
UAVs, engineering equipment that operates in open terrain and has limited mobility is
actually becoming one of the priority targets for destruction.

The lack of electronic countermeasures [3] significantly increases the risk of
damage to both the equipment itself and its operators, which forces work to be carried
out in a reduced or intermittent mode. This, in turn, negatively affects the overall
effectiveness of emergency response, leads to loss or damage to technical equipment,
and necessitates the additional involvement of cover forces.

Thus, the combination of these factors indicates the need for comprehensive
improvement of approaches to engineering support of the SES units, in particular by
increasing the level of technical equipment, improving personnel training, and
implementing modern technological solutions aimed at reducing risks in the work area.

Increasing the efficiency of the installation and overcoming of non-explosive
engineering barriers is possible through the use of an integrated approach that combines
organizational, technical and training measures into a single system of engineering
support [1]. Such an approach should be aimed at optimizing the use of available
resources, reducing the time for work and reducing risks for the personnel of the State
Emergency Service of Ukraine units.

One of the key areas is to improve the material and technical base of engineering
service units by equipping them with modern engineering equipment. In particular, the
use of excavators allows for effective work on digging ditches and trenches, bulldozers
- to form earthen embankments and clear territories, truck cranes - to ensure the
installation of concrete and metal structures, and specialized barrier machines - to
promptly eliminate blockages and create passages. The presence of such equipment
significantly increases the productivity of work and ensures their completion in a short
time.

An important aspect is the implementation of rational methods of performing
engineering works. In modern conditions, it is advisable to use a mechanized method
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as the main one, which provides the greatest efficiency, manual - in cases of limited
access or lack of equipment, as well as a combined approach, which combines the
advantages of both methods and is the most universal in practice.

The practical implementation of these approaches involves the creation of earthen
embankments and ditches to restrict access to dangerous areas, the installation of
concrete blocks and metal barriers, the formation of rubble from local materials, as
well as the arrangement of temporary barriers directly in the area of the emergency. In
turn, overcoming the barriers requires the use of mechanized clearing using excavators
and loaders, dismantling structures using hydraulic tools, cutting metal elements,
crushing concrete structures, as well as manual dismantling in difficult conditions.

Special attention should be paid to personnel training, which should be carried out
through regular practical classes, exercises and drills that are as close as possible to
real-world conditions for performing tasks. This approach allows for the formation of
sustainable practical skills and increases the readiness of units to act in a complex
operational environment.

In the context of the growing threat of the use of unmanned aerial vehicles and
high-precision weapons, increasing the survivability of engineering equipment and
ensuring the safety of its operators is of particular importance. In this context, a
promising direction is the introduction of electronic warfare on engineering equipment.
Equipping excavators, bulldozers and other machines with compact electronic warfare
systems allows you to reduce the effectiveness of the use of enemy unmanned aerial
vehicles, disrupt their control channels and reduce the likelihood of equipment being
damaged during work. In addition, the creation of local electronic warfare in the form
of a conventional "protective dome" over the work area helps to increase the overall
safety of engineering activities.

However, the effectiveness of the use of electronic protection equipment depends
on their technical characteristics, in particular, the range of action, frequency range,
level of energy consumption, and resistance to external interference, which requires
further scientific justification and adaptation to the conditions of use in the SES units.

Another important area of safety improvement is the introduction of remote control
technologies for engineering equipment, which allows work to be performed without
the direct presence of an operator in a dangerous area. The use of remotely controlled
systems significantly reduces the risk to the lives of personnel, creates the possibility
of continuous work under shelling conditions, and also allows effective operation in
areas of increased danger, in particular in the presence of a mine threat, chemical
contamination, or significant destruction.

The installation and overcoming of non-explosive engineering barriers is an
important element of engineering support for the SES units when responding to
emergencies.

The effectiveness of these tasks is determined by the level of technical equipment,
professional training of personnel and proper organization of work. In modern
conditions, the ability of units to quickly create obstacles and ensure their operational
overcoming is of particular relevance.
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The implementation of the proposed measures will contribute to increasing the
level of safety, reducing the time for emergency and rescue operations, and reducing
risks for personnel.
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Fermented dairy products occupy an important place in the diet of the population,
being sources of microorganisms necessary for the formation of the microbiome and,
as a result, the human immune system. One of the most popular fermented milk and
probiotic products is yogurt, the range of which is the most widely developed and
accessible to the public.

In this regard, the development of the yogurt line is a dynamic process that
determines the emergence of new types of products with different characteristics,
including low acidity, diverse flavors and new functional properties. Special attention
1s paid to complex food products, in the system of which both probiotics and functional
substances of targeted action are present.

In this context, there is a growing interest in probiotic products enriched with minor
biologically active substances, including antioxidant effects. A huge number of
biologically active substances of antioxidant action are represented by plant
polyphenols: rutin, quercetin, curcumin, taxifolin and others. Most of the listed
compounds have been well studied to date, and an extensive list of their biological
effects has been established, including normalization of the circulatory system,
antiradical properties, and prevention of cardiovascular diseases. [1].

An adequate solution to this problem may be the use of an antioxidant in
powder form as a functional food ingredient.

Considering the above, it becomes urgent to search for approaches aimed
at a comprehensive solution to the technological problem of obtaining probiotic
yogurts enriched with plant antioxidants: preserving the beneficial properties of
biologically active substances in combination with the active development of
the starter microflora.

Plant antioxidants stand out as promising agents in the fight against diseases
associated with oxidative stress in the body due to their improved physico-chemical
properties and targeted therapeutic properties [2].

The use of vegetable raw materials in the composition of fermented milk products
makes it possible to expand their range, increase their biological value and give the
products new functional properties.
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Herbal components are a source of vitamins, minerals, dietary fiber, polyphenolic
compounds and other biologically active substances that have a beneficial effect on the
human body. The inclusion of such components in the formulation of fermented milk
products contributes to the formation of products for preventive and functional
purposes.

The use of plant components in the technology of fermented milk products is also
due to the need to increase the antioxidant activity of the population's diet.

The modern lifestyle is accompanied by the effects of stress factors, polluted
environment and an unbalanced diet, which leads to increased oxidative processes in
the body. In this regard, the development of food products capable of compensating for
the deficiency of natural antioxidants is of particular importance.

Herbal additives in yoghurts provide not only functional properties, but also
increase the product's resistance to oxidative damage during storage, which helps
preserve the organoleptic and nutritional characteristics of the product throughout its
shelf life.

The use of biologically active substances of plant origin makes it possible to create
symbiotic products that include probiotic microorganisms and plant components,
improving the survival of beneficial bacteria and contributing to the formation of a
healthy intestinal microflora [3].

Functional yogurts with plant antioxidants can provide a comprehensive preventive
effect, including strengthening the immune system, normalizing metabolism and
reducing the risk of chronic diseases. At the same time, herbal additives help to
improve the taste and texture characteristics of the product, making it more attractive
to consumers.

The use of herbal ingredients in yoghurts also allows us to expand the range of
functional products aimed at maintaining health and preventing diseases associated
with oxidative stress and vitamin and mineral deficiencies.

Optimizing the yogurt formulation using plant-based antioxidants ensures the
creation of a stable product with high biological value, improved texture and long shelf
life without loss of beneficial properties.

The production of functional food products is the main global trend in food science
and the object of innovative developments. Therefore, along with the traditional
approach of the influence of food products on human health, a new direction called
functional nutrition has gained momentum in recent years.

Functional nutrition implies the use of such products of natural origin, which, when
consumed daily, have a certain regulating effect on the body and contribute to the
maintenance and regeneration of the human microbial ecology, primarily the
microflora of its gastrointestinal tract.

Foreign studies confirm that fortification of food products with plant components,
including phenolic compounds, flavonoids, carotenoids and other natural antioxidants,
not only increases their nutritional value, but also improves their technological and
functional properties [4].
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The introduction of such components helps to enhance the antioxidant activity of
the product, slow down the oxidation processes and preserve biologically active
substances throughout the shelf life.

Functional products can have a preventive effect on the body, supporting immunity,
normalizing metabolic processes and reducing the risk of developing chronic diseases
associated with oxidative stress.
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Abstract. The visual appearance of a food product is one of the key factors shaping
initial consumer perception and influencing purchasing decisions. For protein-vitamin
cocktails, which occupy a distinct niche in the functional food market, color
characteristics are of particular importance: they serve not only as an aesthetic indicator
but also as an indirect marker of the presence of functional ingredients. Natural
colorants derived from plant raw materials are gradually displacing their synthetic
counterparts — a trend that accelerated significantly in 2020-2024 against the
backdrop of pandemic-driven interest in healthy eating [1, 2]. However, the
technological application of natural pigments remains challenging due to their
chemical instability in complex matrix systems, especially in the presence of denatured
proteins and organic acids.

Research Relevance. Over the past decade, consumer demand for “clean label”
products has significantly influenced manufacturers’ approaches to the coloring of
functional beverages [1, 3]. The use of synthetic colorants, including tartrazine (E102)
and Brilliant Blue FCF (E133), is facing increasingly stringent regulatory restrictions
in Ukraine and the EU. EU Regulation No. 1333/2008 requires the labeling “may have
an adverse effect on activity and attention in children” for a number of azo dyes,
effectively displacing them from the mass-market segment [3, 4]. At the same time, the
natural food colorants market is showing steady growth: according to analytical
reports, its volume exceeded USD 2.5 billion in 2023, with a projected CAGR of over
7% through 2030 [2].

Protein matrices containing denatured whey or pea protein significantly affect the
optical characteristics of the final product through light scattering by aggregated
protein particles [5]. It has been established that the size of whey protein aggregates
after heat treatment (70—80 °C, 30 min) ranges from 150—400 nm, which corresponds
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to the wavelengths of the visible spectrum and gives rise to characteristic opalescent
scattering via the Mie mechanism [6]. The absence of a systematic approach to color
management in such products necessitates targeted research in this area.

Objective — to determine the technological parameters governing the stability and
reproducibility of color characteristics in protein-vitamin cocktails based on natural
pigment systems, and to establish the patterns of interaction between colorants and
components of the protein matrix during storage.

Materials and Methods. The study was conducted on model cocktail systems with
three types of protein base: whey protein concentrate (WPC 80), pea protein isolate,
and soy isolate. The protein content in each sample was 30 g per 300 mL of liquid,
corresponding to a typical commercial product. The following pigment systems were
used: beta-carotene (E160a), copper chlorophyllin (E141), anthocyanins from
blueberry extract (E163), and curcumin (E100).

Color characteristics of the samples were determined in the CIE L*a*b* system
using a CM-5 spectrophotometer (Konica Minolta) with a 45°/0° geometry.
Measurements were taken immediately after preparation and after 24 and 72 hours of
storage at 4 °C and 22 °C. For quantitative assessment of pigment degradation, the total
color difference index AE*ab was used, calculated according to the CIEDE2000
formula. In parallel, the pH of each sample was determined (Mettler Toledo S220 pH
meter), viscosity (Brookfield DV2T rotational viscometer), and particle size by
dynamic light scattering (DLS, Malvern Zetasizer Nano ZS).

Research Results. It was found that whey protein significantly increases L* values
(lightness) compared to pea and soy isolates, which is associated with a higher
proportion of the soluble fraction and smaller aggregate size — a trend confirmed in
studies of products with high protein content in the diet [5]. The mean L* value in the
whey matrix was 74.3 + 1.2, versus 63.8 £ 1.7 in the pea matrix and 61.4 £ 2.1 in the
soy matrix, reflecting differences in the degree of visible light scattering by protein
aggregates.

The interaction of anthocyanins with protein proved to be the most pronounced
among all pigment systems studied. When anthocyanins were added to the whey
matrix, a significant decrease in the intensity of the purple hue was observed (a* shifted
from +18 to +11) compared to control samples without protein. This phenomenon is
attributed to non-covalent interaction of anthocyanins with aromatic amino acid
residues (phenylalanine, tryptophan, tyrosine) via m—m stacking and hydrophobic
contacts [6, 7]. It was confirmed that the formation of ‘“anthocyanin—protein”
complexes at protein concentrations above 20 g/L. significantly reduces the free
concentration of the pigment in solution and, consequently, its spectral absorptivity.
Similar interaction mechanisms have been documented in studies of dairy systems with
anthocyanins [6].

Among the pigments studied, curcumin exhibited the highest stability in all three
matrices at 4 °C storage: loss of color intensity (AE*) over 72 hours did not exceed 2.1
units, which is within the just-noticeable difference threshold (JND, AE* = 2.3 by the
CIEDE2000 system). At 22 °C, the same parameter increased to 6.8-9.3 depending on
the matrix. The photodegradation of curcumin occurs primarily via isomerization of
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the trans-form to yield weakly colored products (vanillin, ferulic aldehyde), which
necessitates protection from daylight during storage [8].

Copper chlorophyllin (E141) demonstrated the highest thermal stability among all
pigments studied and negligible degradation at pH 4.5—6.5, characteristic of flavored
cocktails. The replacement of the central Mg?** 1on with Cu®*" in the chlorophyll
structure confers significantly greater resistance to acidic conditions and heat
treatment, as the copper ion forms a substantially stronger coordination bond with the
tetrapyrrole ring [9]. The AE* value after 72 hours at 22 °C did not exceed 1.8 units,
the best result among all pigments in this study.

The inclusion of ascorbic acid (vitamin C) at a concentration of 200 mg/serving
significantly slowed the oxidative degradation of beta-carotene: the protective
efficiency was approximately 34% compared to samples without ascorbic acid. The
protective mechanism operates through preferential oxidation of ascorbate (E° =+0.08
V) relative to carotenoids (E° = +0.40-0.60 V), meaning ascorbic acid functions as a
sacrificial reductant, regenerating radical intermediates of carotenoids [4]. This effect
is consistent with approaches documented in functional beverage technologies using
plant-based bioactive ingredients [3, 4].

Analysis of pH effects revealed that anthocyanins exhibit a clear chromatic
dependence on medium acidity: as pH decreased from 6.0 to 3.5, the intensity of red
color (a* value) increased from 8.4 to 21.7 due to the transition from the quinoidal form
(blue-violet) to the flavylium cationic form (red). This opens the possibility of color
adjustment within a single formulation by varying pH through organic acids (citric,
malic) without changing pigment concentration [7].

A technological protocol for pigment incorporation was developed: the optimal
sequence involves dissolving the colorant in a minimum volume of an appropriate
solvent (water or oil depending on pigment polarity), followed by introduction into the
protein dispersion at a temperature not exceeding 25 °C with stirring at 250 rpm for 3—
5 minutes. Heating above 60 °C during mixing led to irreversible protein aggregation
and visible inhomogeneity. For fat-soluble pigments (beta-carotene, curcumin), a
particularly effective technique was pre-emulsification in sunflower oil (1:10 by mass)
with the addition of 0.5% lecithin (E322), which ensured uniform distribution in the
aqueous phase and reduced the rate of oxidative degradation by 18-22%.

Prospective Approaches to Color Stabilization. Beyond ascorbate protection,
analysis of current scientific literature identified a number of technological approaches
warranting attention in the context of developing stable color systems for protein
cocktails. Microencapsulation of pigments in maltodextrin or inulin matrices provides
protection against oxidation and can double the stability of beta-carotene and curcumin
[8]. Liposomal and nanodisperse pigment delivery represents a promising direction for
premium-segment functional beverages; liposomal encapsulation of anthocyanins
enhances their stability at neutral pH by isolating the pigment molecule from the
aqueous environment [2, 9].

The use of synergistic pigment combinations also offers opportunities for color
management: combining copper chlorophyllin with beta-carotene in a 1:3 ratio yields
a neutral green-yellow tone perceived by consumers as “natural” and associated with a
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fruity or herbal flavor. At the same time, potential antagonistic interactions between
components must be considered: in the presence of Fe** and Cu?*', ascorbate
degradation is accelerated via the Fenton mechanism, which may negate its protective
effect on carotenoids [4, 10].

Conclusions:

1. The nature of the protein matrix is the key factor determining the final color
characteristics of the cocktail: whey protein (WPC 80) provides higher lightness (L* =
74.3), whereas pea and soy isolates reduce pigment brightness through more intense
Mie scattering.

2. Anthocyanins undergo the most substantial changes upon interaction with
protein via non-covalent binding to aromatic amino acids, requiring an adjustment of
the initial colorant concentration by 30—45% to achieve the target color parameter.

3. Storage temperature at 4 °C is critical for curcumin and beta-carotene (AE* <
2.1); deviation to 22 °C causes a colorimetric drift of AE* = 6.8-9.3, exceeding the
threshold of industrial reproducibility.

4. Copper chlorophyllin demonstrates the highest stability in the acidic
environment of cocktails (pH 4.5-6.5) due to the coordination stability of Cu** in the
tetrapyrrole ring and can be regarded as the priority green pigment for this product
class.

5. Addition of ascorbic acid (200 mg/serving) effectively reduces carotenoid
pigment degradation by 34% via a sacrificial oxidation mechanism, serving a dual
technological function: vitamin fortification and color stabilization.

6. pH management (3.5-6.0) is an independent tool for color adjustment in
anthocyanin systems: lowering pH to 3.5 raises a* from 8.4 to 21.7 without changing
pigment concentration.

7. The developed pigment incorporation protocol, including pre-emulsification of
fat-soluble colorants in a lecithin—oil system, ensures color reproducibility within AE*
< 1.5 between batches and increases carotenoid stability by 18—22%.
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Abstract

The thesis article modern scientific approaches to adapting the technology of
whipped milk desserts of the mousse type for the keto diet using lactose-free dairy
bases and plant-based drinks (coconut, almond), as well as plant bioactive substances
(inulin, plant-based powders containing pectin). The literature review covers low-
carbohydrate mousse formulations and the prebiotic properties of inulin. The prospects
of integrating functional additives to increase the nutritional value and technological
stability of the product have been established. The results are suitable for the HoReCa
sector and for special nutrition.

Keywords: milk mousses, keto diet, inulin, prebiotics, lactose-free desserts,
functional additives, plant-based drinks.

Introduction

In modern nutrition, products of functional purpose that combine pleasant
organoleptic properties with preventive potential are becoming increasingly important.
One of the promising directions is the creation of whipped desserts of the mousse type
adapted to the needs of special dietary patterns, in particular the keto diet. The keto diet
is characterized by a sharp restriction of carbohydrates, an increased content of fats and
a moderate amount of protein, which determines the need for new approaches to the
development of dessert products. In this context, special interest is focused on mousses
based on lactose-free dairy products or plant-based drinks, enriched with inulin, pectin-
containing and fruit-and-vegetable powders, which can simultaneously improve
texture, increase nutritional value and comply with the principles of the keto diet [2, 4-
6].

Relevance of the topic
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Traditional milk mousses contain a significant amount of sugar and are often
produced with components that are unsuitable for low-carbohydrate diets. At the same
time, the demand for sugar-free, lactose-free and low-carbohydrate desserts is steadily
growing, which is confirmed by numerous practical recipes for keto mousses based on
cream, avocado, coconut plant-based drinks and cocoa. Such products demonstrate a
stable whipped structure, pleasant taste and good sensory attractiveness; however, in
most cases they are oriented only toward culinary practice rather than scientifically
grounded optimization of formulations [5-6, 9]. Therefore, it is appropriate to review
existing studies on functional ingredients, in particular inulin, which is considered a
prebiotic dietary fiber of plant origin with a potentially positive effect on the gut
microbiome and metabolic health.

Aim and objectives

The aim is to summarize modern scientific approaches to the development of milk
mousses suitable for the keto diet and to determine the prospects for using plant
bioactive components as a tool for technological and nutritional optimization of
whipped desserts.

Object and subject of the study

The object of the study is the technology of whipped desserts of the mousse type.
The subject of the study is scientific and applied approaches to the use of lactose-free
dairy products, plant-based drinks, as well as inulin, fibrous and pectin-containing
additives in mousse formulations oriented toward the keto diet.

Literature review and results

Modern keto mousses are mainly based on a combination of a high-fat dairy base
with cocoa, erythritol or non-caloric sweeteners. Such formulations confirm the
technological feasibility of obtaining a stable, airy and creamy structure without the
use of sugar. [4, 6, 9] For the keto diet, this is crucial, since a dessert must not only
have a low-carbohydrate profile but also maintain attractive sensory characteristics.

In works devoted to inulin, its role as a soluble prebiotic dietary fiber capable of
selectively supporting the growth of beneficial microflora and promoting the formation
of short-chain fatty acids is emphasized [1, 3]. For mousse technology, this is of interest
due to its effect on consistency and structural stability. Inulin does not disrupt ketosis,
as it is only partially fermented with minimal impact on blood glucose, which makes it
promising for low-carbohydrate and keto-oriented products [7-8].

Plant-based drinks (for example, coconut or almond drinks) ensure high energy
density and satiety, which makes them ideal for keto desserts by providing sufficient
fat content with a reduced proportion of digestible carbohydrates. Plant-based powders
containing pectin regulate viscosity and provide natural antioxidants, further enhancing
the product’s nutritional value and potential health benefits. The combined use of inulin
and other plant-based structural components aligns with the concept of functional
desserts for special diets [1, 3, 7-9].

Conclusions

The conducted review indicates that mousses are a promising group of desserts for
the keto diet due to the possibility of replacing sugar and using high-fat dairy bases and
plant-based drinks. Inulin and plant powders increase functionality and nutritional
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value without violating keto dietary principles. These findings can be used to develop
and introduce new mousse-type products in the HoReCa sector, as well as in
technologies for special and health-oriented foods.
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In the context of ongoing global climate change, water resources have become a
critical factor in ensuring environmental stability and sustainable socio-economic
development. River runoff plays a fundamental role in supplying water for domestic
needs, agriculture, industry, and energy production. Therefore, transformations in the
hydrological regime under the influence of climate change require detailed scientific
analysis and forecasting.

According to the Intergovernmental Panel on Climate Change (IPCC), the global
mean temperature has already increased by more than 1.1°C compared to pre-industrial
levels, leading to significant alterations in the global hydrological cycle [1]. In Ukraine,
the rate of warming exceeds the global average, with an increase of 1.2-1.5°C observed
over recent decades, as confirmed by long-term hydrometeorological observations and
consistent with the assessments of the World Meteorological Organization [5]. These
changes have affected the balance between precipitation, evaporation, and river runoff.

Modern climate change is characterized by an increasing frequency of extreme
weather events, including prolonged droughts and short-term intense rainfall.
According to the European Environment Agency, Europe is experiencing a growing
share of heavy precipitation events, which often result in floods but do not contribute
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effectively to groundwater recharge [2]. Combined with rising temperatures, this leads
to increased evaporation and the formation of an unstable hydrological regime.

The analysis of the current state of river regimes in Ukraine indicates substantial
transformations. One of the most important trends is the decreasing role of snowmelt
in river feeding, which results in the weakening or disappearance of spring floods. At
the same time, the contribution of winter runoff is increasing due to frequent thaws and
rainfall during the cold season. In contrast, summer and autumn low-flow periods are
becoming more intense and prolonged, leading to lower water levels and deterioration
of water quality.

Significant changes are observed in the Dnipro River basin, which covers
approximately 65% of Ukraine’s territory. Over the past decades, the average annual
runoff has decreased by 10-20%, accompanied by a smoothing of seasonal variability
[3]. The situation in the Southern Bug basin is even more critical, with runoff
reductions reaching 25-30%, driven by both climatic factors and intensive human
activity [4].

Regional differences in hydrological transformations are clearly pronounced. In the
Polissia region, declining groundwater levels and degradation of wetlands are
observed. In the Carpathian region, the frequency of flash floods is increasing due to
heavy rainfall events [2]. In the steppe zone, a persistent water deficit is forming,
leading to the drying of small rivers and a decrease in the discharge of medium-sized
rivers.

Table 1.
Main climate changes in Ukraine and their impact on river regimes
Indicator Change Impact on river regime | Source
Air temperature +1.2-1.5°C increased evaporation | [1], [3]
Precipitation | uneven distribution floods and droughts [2]
Snow cover reduction | weakening of spring floods [3]
Extreme events increase regime instability | [2], [4]

Source: compiled by the authors based on [1-4]

Forecast estimates indicate that by the middle of the 21st century, these trends will
intensify. According to climate scenarios (RCP4.5 and RCP8.5), the average annual
river runoff in Ukraine is expected to decrease by 15-25% [1], which is also supported
by World Bank assessments of water security under climate change [4]. At the same
time, the seasonal distribution of runoff will shift, with an increase in winter discharge
and a significant intensification of summer low-flow periods.

Table 1.
Projected changes in river regimes in Ukraine by 2050
Indicator Expected change Main consequences | Source
Annual runoff -15-25% water scarcity | [1], [4]
Spring flood | weakening/disappearance | floodplain degradation [3]
Winter runoff increase seasonal imbalance [2]
Summer low flow intensification river drying [4]

Source: compiled by the authors based on [1-4]
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The figure illustrates the typical intra-annual distribution of river discharge,
characterized by a spring maximum associated with snowmelt and a summer-autumn
low-flow period. Under current climate change conditions, there is a tendency towards
a decrease in the spring peak and an increase in winter runoff, indicating a
transformation of the seasonal structure of the hydrological regime [1; 3].
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Figure 1. Seasonal distribution of river runoff in Ukraine
Source of the figure: compiled by the authors [1; 3].

Figure 1 illustrates the intra-annual variability of river runoff in Ukraine. The
highest runoff values are observed in spring (March-May), which is associated with
snowmelt processes, while the lowest values occur in summer (July-August) during
the low-flow period.

A gradual decrease in runoff during the warm season reflects the increasing
impact of evaporation and reduced precipitation efficiency. The presence of a
downward trend line also indicates a general tendency towards a slight decrease in
runoff levels throughout the year [1; 5].
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Figure 2. Trend of decreasing river runoff in Ukraine (1991-2023)
Source of the figure: compiled by the authors based on [1; 5].

Figure 2 demonstrates a clear negative trend in river runoff in Ukraine over the
period 1991-2023. The runoff index shows a gradual decrease from 100% in the early
1990s to approximately 84% in recent years.

This decline reflects the combined impact of increasing air temperatures, enhanced
evaporation, and changes in precipitation patterns associated with global climate
change.

The obtained results indicate the formation of a new type of river regime in
Ukraine, characterized by increased variability, a higher frequency of extreme
hydrological events, and water scarcity during the warm season. These changes pose
significant risks to national water security and require the implementation of adaptive
water management strategies.

Thus, the transformation of river regimes in Ukraine is one of the most evident
manifestations of global climate change and necessitates a transition to integrated water
resource management based on predictive modeling and sustainable development
principles.
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B ymoBax moBHOMacmTabHO1 30poitHOT arpecii NpoTu YKpaiHu CYTTEBO 3pOCTaE
poJib 1H(pOpMaLIMHUX TMpoIeciB y 3a0e3nedyeHHi Oe3neku HaceneHHs. [lopsan 13
BIMICbKOBMMH 3arpo3aMu aKTUBHO (PYHKIIOHYE 1H(HOPMALIHHO-TICUXOJIOTYHUI BIUIMB,
KU, 32 JaHUMH JTOCIIKEHb, 3aTHUM BUKJIMKATH Y JIOAEH MiJBUILEHUN pPIBEHb
TPUBOKHOCTI, CTPECY Ta €MOLIMHOro BUCHa)keHHs. Lle Oe3nocepenHbO BILUIMBAE Ha
3JIaTHICTh HACEJICHHS aJIeKBaTHO CIPHUIMATH Ta BUKOHYBATH peKoMeHpaauii y cdepi
IIMBUIHOTO 3aXUCTY, 30KpeMa MOKeKHOT O6e3neku [1].

OnHOYaCHO CTAaTHCTHKA CBIMYUTH MPO 3POCTaHHS KUIBKOCTI MOXKEXK B YKpaiHi,
3HayHa YaCTHHA SIKUX [TOB’s3aHa 3 BOEHHUMH JISIMU Ta MOPYIICHHAM MIpaBuJl Oe3MeKu
HaceJeHHsAM. Y TakuX yMOBaX e(eKTHBHA MPOTHUIOXKEXKHA IMponaraHaa HaOyBae
KPUTUYHOTO 3HAYEHHS SIK €JIEMEHT JEp>KaBHOI CUCTEMH LIMBUIBLHOTO 3aXUCTY [2].

[IpoTunoxexHa mpornaraija € CKJIaJoBOK CUCTEMH NPO(UIAKTUKY HaI3BUYANHIX
CUTYyalliil 1 cripsMOBaHa Ha (OPMYBAHHS y HACEJICHHS 3HaHb 1 HABMYOK O€3MEeYHO1
noBeniHku. Opranu JJCHC opranizoByoTh 1H(pOpMaIiitHO-pO3’ICHIOBAJILHY POOOTY
yepe3 pi3HI KaHAJM KOMYHIKaIli: 3aco0M MacoBoi iH(poOpMallii, ColialbHI MEpexi,
IPYKOBaH1 MaTepialu, JIEKI[ii Ta HaBYaHHSI.

B yMoBax Bo€HHOTo cTaHy €(pEeKTUBHICTh TaKOl AISUIBHOCTI CYTTEBO 3HIKYETHCS
yepe3 HU3KYy ¢aktopiB. [lo-mepmie, iHpopMmaliiiiHe MEpEeBaHTAKCHHS HACEJICHHS,
CIPUYMHECHE HAJIMIPHOIO KIUJIBKICTIO HOBHH TIpO BiHY, 3HWXKYE yBary o
PO UTAKTUYHUX TOBIIOMJICHB, Y TOMY YHCII1 IIOJI0 TOXEXHO1 Oe3neku. [lo-mpyre,
TICUXOJIOTIYHUN CTaH TPOMAJISTH XapaKTePU3y€EThCS MABUIIICHUM PiBHEM TPUBOXKHOCTI,
CTpecy Ta eMOIIMHOTO BUCHAYKEHHS, 1110 € HACII1KOM 1H(GOPMAIIIITHO-TICHXOJIOTTYHOTO
BIUIMBY B yMOBax BiitHu [1].

OkpeMUM BHUKIMKOM € TOLIMPEHHS Je3iHpopMallii Ta MAaHIMYISITUBHOTO
KOHTEHTY, SIKUH BIUIMBA€ Ha COPUUHATTS HACENIEHHS Ta MOXKE 3HWXKYBATU JOBIPY J0
opimIiHUX JKepen 1Hpopmalii. Y HayKOBHUX JOCHIKEHHSAX MIJIKPECIIOEThCS, M0
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1H(GOPMAaIIHHO-TICUXOJIOTIYHI Omepallii € CKJIaJ0BOI0 CYYaCHHUX TIOpUIHUX 3arpo3 1
crpsiMoBaH1 Ha (OpPMYBaHHS BUKPUBIIEHOT KAPTHUHH peajbHOCTI [3].

VY KOHTEKCTI TMOXKEKHOi OE€3MEeKH 1€ CTBOPIOE JIOJAATKOBI PHU3UKH, OCKIIbKU
HaceJIeHHS MOXe IrHopyBaTu oOQiliiHI pekoMeHaarii abo HempaBUIBHO iX
iHTepnperyBatu. Oco6sMBO 1€ HEOE3MEYHO B YMOBAaX BOEHHOTO CTaHy, KOJIH 3pOCTa€
KUTIBKICTh TTOXKEXK Yepe3 MOIIKOKEHHS IHPpacTpyKTypH, epedoi eIeKTPOnocTauaHHs
Ta BUKOPUCTAHHA aJbTEPHATUBHUX JIXKEPEN 00IrpiBy.

BaxxnmuBuM 4YMHHUKOM €(EKTHBHOCTI TPOTHUIIOKEKHOI IPOMAaraHad € pPiBEHb
JOBIpH 10 JEp>KaBHUX IHCTUTYIH. Y KpHU30BHX yMOBax came JOBipa BU3HAYae,
HACKUIBKM HACEJICHHS TOTOBE JOTPUMYBATHUCS 1HCTPYKIIH 1 pPEKOMEHJAIIIMH.
BiamoBinHOo, KOMyHiKamiiiHa cTparteris Mae OyTH TIPO30pPOI0, 3pPO3YMIJIOK Ta
aJanTOBAHOIO JI0 PI3HUX COLIABHUX TPYII.

Cepen mepcreKTUBHUX HAIPSAMIB IMIIBUILIECHHS €(EKTUBHOCTI MOYKHA BUJLIIUTH:
BUKOPUCTAHHA KOPOTKMX 1 BI3yaJlbHO OpIEHTOBAHUX IMOBIJOMIJIEHb, AKTHUBHY
MPUCYTHICTh y COINAIBHUX MEPekKax, IHTErpalilo MCUXOJOTIYHUX TMIAXOMIB Y
KOMYHIKAIIi10, a TAKOK PO3BUTOK KPU30BUX KOMYHIKAI[IH, 1110 BpaXOBYIOTh €MOLIIMHHIMA
CTaH HaceseHHs [4].

[IpotumnoxexHa npomnarasjia B yMoOBax BOEHHOTO CTaHy (yHKIIIOHY€E B CKJIATHOMY
1H(OpPMAIIHHO-TICUXOJIOTIYHOMY ~ cepefioBullli.  OCHOBHMMH  BUKIHUKAMU €
iH(dopMaIliiiHe TepeBaHTaKEHHS, MCUXOJIOTIYHA BPA3JIMBICTh HACEJICHHS Ta BIUIUB
ne3ingopmariiii. EQEeKTUBHICT, KOMYHIKallli 3aJIeKUTh BiJl 34aTHOCTI Jep>KaBHUX
IHCTUTYIIH afanTyBaTH iHPOPMALIIiHI CTpaTerii 10 yMOB KPHU3H, I1IBUILYBATH PIBEHb
JOBIpM Ta BUKOPUCTOBYBAaTH Cy4YaCHI KaHAJM MOLIMPEHHS  1H(pOpMaLii.
VY 1ockoHaNleHHs IUX MIIXO0A1B € BaXJIMBUM YNHHUKOM M1JBUILIEHHS PIBHS MOXEXHOT
Oe3rneku B YKpaiHi.
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Abstract

This article examines the protection of children’s rights during evacuation in
conditions of armed conflict, with particular attention to Ukraine’s legal framework
and its consistency with international humanitarian and human rights law. The large-
scale aggression against Ukraine has significantly intensified evacuation processes,
making the legal regulation of children’s relocation from high-risk areas an urgent issue
requiring comprehensive analysis.

The study demonstrates that evacuation, while serving as a key mechanism for
protecting civilian populations, simultaneously generates complex legal and practical
challenges. These include ensuring the best interests of the child, preserving family
unity, preventing unnecessary institutionalization, and guaranteeing access to essential
rights such as education, healthcare, and adequate living conditions. The article
emphasizes that Ukrainian legislation develops within a dual framework: national legal
regulation and international obligations, including the Geneva Conventions, the UN
Convention on the Rights of the Child, and the UN Guiding Principles on Internal
Displacement.

The article further explores the legal mechanisms governing the evacuation of
children from institutional care facilities, including criteria for relocation, responsible
authorities, documentation requirements, and safeguarding obligations of
accompanying persons. It is argued that these procedures are designed to ensure both
physical safety and legal protection of children, while maintaining the overarching
principle of the best interests of the child.

Key words: children’s rights, evacuation, armed conflict, best interests of the child,
family unity, institutionalization, international humanitarian law, Ukraine, martial law,
child protection.

The issue of ensuring children’s rights during emergencies, particularly in
situations of armed conflict, has become increasingly significant in contemporary
international law. The full-scale aggression against Ukraine and the mass evacuation
processes associated with it have highlighted the need for a comprehensive study of
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legal safeguards for the protection of children during their relocation from dangerous
areas.

Evacuation, as a tool for protecting the civilian population, simultaneously creates
a number of legal challenges related to ensuring the best interests of the child,
preserving family ties, preventing institutionalization, and guaranteeing access to
fundamental rights. In this context, particular importance is attached to analyzing
Ukrainian national legislation through the prism of international human rights law and
international humanitarian law principles.

Against this background, it is essential to consider the relevant norms of
international humanitarian law that directly regulate evacuation processes. According
to Article 17 of the Geneva Convention relative to the Protection of Civilian Persons
in Time of War, “the Parties to the conflict shall endeavour to conclude local
agreements for the removal from besieged or encircled areas of the wounded, sick,
infirm, aged persons, children and maternity cases, and for the passage of ministers of
all religions, medical personnel and medical equipment on their way to such areas.” [1]
Notably, children are singled out as a distinct category, which demonstrates that
humanitarian law emphasizes the necessity of evacuating, in particular, children.

In addition to humanitarian law, soft law instruments also play an important role in
shaping standards of protection. In the context of evacuating children from areas of
hostilities, it is also important to refer to the UN Guiding Principles on Internal
Displacement, which are aimed at addressing the specific needs of internally displaced
persons worldwide [2]. This document establishes key principles, including the
principle of the best interests of the child and the principle of family reunification for
families separated by evacuation.

Turning to the national legal framework, it is necessary to clarify how evacuation
is defined in Ukrainian legislation. According to paragraph 7 of Article 2 of the Civil
Protection Code of Ukraine, evacuation is defined as the organized removal or
relocation of the population from an emergency zone or a zone of possible impact in
cases where there is a threat to life or health, as well as the removal of material and
cultural assets if there is a risk of their damage or destruction [3]. These measures have
become especially significant since 2014, following the outbreak of armed conflict in
Ukraine. To safeguard the population — particularly to uphold children’s rights to life
and health — the state implements evacuation procedures.

Within this legal framework, the role of martial law legislation is particularly
significant. The Law of Ukraine “On the Legal Regime of Martial Law” serves as the
key legal framework governing interactions between the state and society across
various sectors during martial law. Paragraph 19 of Article 8 of this law provides that
military command authorities may independently implement certain measures,
including the evacuation of the population in the event or threat of an emergency, as
well as from zones of armed conflict or areas of possible hostilities to safe territories
[4].

Recent legislative developments further specify the mechanisms of evacuation. On
March 4, 2026, Law of Ukraine No. 4779-1X on the mandatory evacuation of the
population, including children, from areas of active and potential hostilities entered
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into force [5]. The adoption of this act became necessary, as parents often abuse their
rights and keep children in an unacceptable and dangerous environment. This leads to
negative consequences, including violations of the child’s right to life, the right to
housing and adequate living conditions, the right to access quality education and
development, among others. The law also provides for amendments to several
legislative acts.

At the same time, it is important to distinguish between voluntary and mandatory
evacuation procedures. In most situations, the evacuation of children is carried out
together with their parents or legal representatives and, as a rule, on a voluntary basis.
According to paragraph 1 of the Procedure for Evacuation in Case of Threat or
Occurrence of Emergency Situations, approved by Resolution of the Cabinet of
Ministers of Ukraine No. 841 of October 30, 2013, “for the purpose of protecting
children during martial law, regional military administrations, in coordination with
military command authorities and the Coordination Headquarters, may decide on
mandatory evacuation by force together with parents, guardians, or other legal
representatives from areas of potential and active hostilities, as well as from territories
where state electronic information resources operate” [6].

This approach reflects the general principle of respect for family autonomy. The
principle of respect for family life and parental rights remains fundamental in this
context. However, in exceptional cases, particularly in areas of active hostilities, the
state may carry out the forced evacuation of children without parental consent. This
occurs when a child’s presence in a combat zone poses a direct threat to their life or
health. According to paragraph 31 of the Procedure, “refusal by parents, persons
replacing them, or other legal representatives to the mandatory forced evacuation of
children from a specific settlement in an area where hostilities are taking place is not
permitted”’[6].

Such measures necessitate corresponding changes in related areas of law. In this
regard, it is important to analyze the specific changes introduced to sectoral legislation.
In particular, Article 150 of the Family Code of Ukraine has been amended and now
states that “parents are obliged to take care of the child’s health and safe living
conditions, as well as their physical, spiritual, and moral development.”[7] This
establishes a legal duty for parents to ensure safe living conditions for the child, which
are difficult to guarantee in situations involving the threat of shelling in frontline areas
or occupation. Therefore, parents are obliged to participate in evacuation measures.

At the same time, the practical implementation of these provisions raises a number
of complex legal issues. In particular, this gives rise to the problem of the separation
of a child from their family. According to paragraph 2 of Principle 7 of the UN Guiding
Principles, “authorities undertaking displacement shall ensure, to the greatest
practicable extent, that proper accommodation is provided to the displaced persons, ...
and that members of the same family are not separated.” [2] Thus, the need arises to
balance different legal principles. This leads to the question of which principle prevails:
the principle of ensuring the child’s right to life, survival, and development, or the
principle of family unity.
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It should be noted that, in accordance with the UN Convention on the Rights of the
Child, “in all actions concerning children, whether undertaken by public or private
social welfare institutions, courts, administrative or legislative bodies, the best interests
of the child shall be a primary consideration” [8]. Ukrainian legislation provides a
definition of the concept of “ensuring the best interests of the child” in Article 1 of the
Law of Ukraine “On the Protection of Childhood.” It is defined as *“actions and
decisions aimed at meeting the individual needs of the child in accordance with their
age, sex, health condition, developmental characteristics, life experience, family,
cultural and ethnic background, and taking into account the child’s opinion if they have
reached an age and level of development sufficient to express it” [9].

Further guidance on the application of this principle is provided by judicial
practice. The principle of the best interests of the child requires further clarification. In
the context of balancing a child’s development and the preservation of family ties, it is
worth referring to the judgment of the European Court of Human Rights in “Mamchur
v. Ukraine” case. The Court stated that “when determining the fundamental interests
of a child in each particular case, two conditions must be taken into account: first, it is
in the best interests of the child to preserve ties with the family, except in cases where
the family is particularly unfit or clearly dysfunctional; second, it is in the best interests
of the child to ensure their development in a safe, stable, and secure environment that
is not dysfunctional” [10].

At the same time, the application of these criteria in crisis situations requires a
careful assessment of the specific circumstances. Thus, it can be concluded that refusal
of mandatory evacuation may indicate that a child is being left in a dangerous and
unsuitable environment, which does not correspond to their best interests.

However, when a child is separated from their parents during mandatory
evacuation, this may lead to the phenomenon of mass institutionalization of children,
which contradicts Ukraine’s policy of reforming the child care and support system, as
well as its European integration commitments. One possible solution to this issue is the
obligation of the state to ensure the prompt reunification of families.

International standards clearly support this obligation. Paragraph 3 of Principle 17
of the UN Guiding Principles states that “families which are separated by displacement
should be reunited as quickly as possible. All appropriate steps shall be taken to
expedite the reunification of such families, particularly when children are involved”
[2]. According to Article 30-1 of the Law of Ukraine “On the Protection of Childhood,”
“the state shall take all necessary measures to ensure the protection of children located
in settlements within areas of active or potential hostilities, children affected by
military actions and armed conflicts, their care, and their reunification with family
members, including tracing, release from unlawful detention, including captivity, and
return to territory under Ukraine’s control of deported and forcibly displaced children”
[9].

Thus, Ukrainian legislation, guided by international principles, allows for the
possibility of family separation during forced evacuation in certain exceptional
circumstances, thereby prioritizing the principle of the best interests of the child. At
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the same time, the state is obliged to make every effort to ensure the reunification of
such families, as this also contributes to the protection of children’s rights.

On the other hand, as reported by a group of civil society organizations, “the
existing network of foster families, family-type children’s homes, small group homes
and foster carers will objectively be unable to meet the potential needs that may arise
in the event of the application of mechanisms for the forced evacuation and removal of
children in connection with forced evacuation” [11]. Representatives of human rights
organizations emphasize that there is a real risk that children separated from their
parents during forced evacuation may be placed, either temporarily or for a prolonged
period, in institutional facilities, which would effectively amount to their
institutionalization. Such an approach contradicts the Strategy for Ensuring the Right
of Every Child in Ukraine to Grow Up in a Family Environment for 2024 — 2028.
Moreover, in the context of European integration, the adoption of regulations that may
expand the practice of institutional placement of children creates a risk of deviating
from the declared course of deinstitutionalization and harmonization of legislation with
EU law in the field of human rights protection.

An important issue is also ensuring proper living conditions during martial law for
children who reside in or are enrolled in institutions providing 24-hour care, regardless
of their type, ownership, or subordination. These include, in particular, orphanages,
sanatoriums, shelters, rehabilitation centers, boarding schools, and other similar
facilities. The full list, as well as the mechanisms for evacuating children from such
institutions, is defined in the Procedure for Temporary Relocation (Evacuation) of
Children and Persons Residing in or Enrolled in Institutions of Various Types, Forms
of Ownership and Subordination Providing 24-Hour Care, and Their Return to Their
Place of Permanent Residence (Stay), or, in the case of departure abroad, to Ukraine,
approved by Resolution of the Cabinet of Ministers of Ukraine No. 546 of June 1,2023.

According to paragraph 4 of the Procedure, during martial law the temporary
relocation, i.e. evacuation, of children is mandatory in three cases. The first is when
the institution providing 24-hour care for children is located at a distance of less than
2 kilometers from facilities important for the economy and defense of the state. The
second case is when the institution is located less than 100 kilometers from the
boundary between the territory controlled by Ukraine and temporarily occupied
territory. The third case is when the institution is situated less than 50 kilometers from
the state border of Ukraine with the Russian Federation or the Republic of Belarus [12].
These criteria help determine whether a real threat exists and whether evacuation is
necessary, given that such experiences can be highly traumatic for children.

Children residing in such institutions do not always have parents or close relatives
who can accompany them during evacuation. Therefore, the Procedure specifies the
persons authorized to perform this role. According to paragraph 17, children may be
accompanied by staff members of the institution, or, if this is not possible, by
employees of other municipal educational or healthcare institutions, social service
providers, executive bodies of local councils, military administrations of settlements
(subject to their consent), child protection services, or relevant structural units of
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regional and Kyiv city military administrations, depending on the subordination or
sphere of management of the institution [12].

With regard to compliance with the principle of proper documentation during
evacuation, the Procedure is equally clear. In particular, paragraph 11 provides that the
head of the institution is authorized to determine transportation routes and issue an
order for the temporary relocation (evacuation) of children, which serves as the legal
basis for such measures. This order must include personal data of the children and
accompanying persons, as well as information on the child’s mobility, legal capacity,
health condition, and ability to maintain contact with relatives (if any) [12].

The order on temporary relocation (evacuation) assigns specific responsibilities to
accompanying persons, including:

* providing care for children and ensuring their upbringing and development;

» taking measures to ensure access to educational services appropriate to their age
and level of development, as well as rehabilitation, medical, psychological, and other
assistance according to their needs;

» taking measures to return children to their place of permanent residence;

« facilitating communication between children and their parents or other legal
representatives, where such communication does not contradict the child’s best
interests;

 promptly informing the head of the institution or an authorized person of any
issues arising during transportation or at the place of temporary relocation;

* preventing any attempts to violate the rights of children and other persons [12].

Overall, these guarantees demonstrate the continued relevance of fundamental
child protection principles. Thus, during the evacuation of children residing in or
enrolled in institutions providing 24-hour care, the principle of ensuring the best
interests of the child remains fully applicable.

Conclusion

The analysis conducted in this study demonstrates that the evacuation of children
in conditions of armed conflict represents a complex intersection of international
humanitarian law, international human rights standards, and national legal regulation.
While evacuation serves as an essential protective mechanism aimed at safeguarding
the life and health of children, its implementation raises significant legal and practical
challenges, particularly regarding the preservation of family unity, prevention of
institutionalization, and full realization of the principle of the best interests of the child.

International legal instruments, including the Geneva Conventions, the UN
Convention on the Rights of the Child, and the UN Guiding Principles on Internal
Displacement, consistently emphasize the priority of protecting children, ensuring
family reunification, and avoiding unnecessary separation from parents or guardians.
Ukrainian legislation, in turn, generally aligns with these standards, progressively
integrating the principle of the best interests of the child as a fundamental criterion in
decision-making processes related to evacuation.

At the same time, the practical application of evacuation procedures under martial
law reveals a tension between two key imperatives: the urgent need to protect children
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from immediate physical danger and the obligation to preserve their family
environment and prevent institutional placement. In exceptional circumstances,
temporary separation of children from their families may occur; however, such
measures must remain strictly justified, proportionate, and accompanied by effective
safeguards aimed at minimizing negative consequences.

A critical issue identified in this research is the risk of institutionalization of
evacuated children due to insufficient capacity of family-based care systems. This
challenges Ukraine’s strategic commitment to deinstitutionalization and its obligations
within the framework of European integration. Consequently, strengthening alternative
family-based care mechanisms, including foster care and guardianship systems, is
essential to ensure compliance with international standards.

Furthermore, the obligation of the state to ensure timely family reunification
emerges as a key mitigating factor in addressing the negative consequences of
evacuation. Effective implementation of tracing mechanisms, documentation
procedures, and inter-agency coordination is crucial for safeguarding children’s rights
in post-evacuation contexts.

In conclusion, ensuring children’s rights during evacuation requires a balanced
approach that integrates security imperatives with human rights guarantees. The
principle of the best interests of the child must remain the central guiding standard,
ensuring that all evacuation-related measures ultimately serve the protection, dignity,
and long-term well-being of the child.
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TEHJEHLI{ BIPOBAJUKEHHSI IHO3EMHOI'O
JTOCBIIY B TISUIbHICTH CIIBHUX CJITYUX TPYII

Bacrora FOQuais BosioaumupiBHa,
a1’ FOHKT Kadepy KPUMIHATICTUKH Ta CYJJOBOi MEAUIIMHA
HarmionanpHoi akaemii BHyTPIIITHIX CIIpaB

dopMyBaHHS MPaBOBUX Ta OpPraHi3allifHO-TAKTUYHUX YMOB JUIsl MI>KHAPOJHOTO
CHiBpOOITHHUIITBA TIiJ] Yac PO3CIIiTyBaHHS KPUMIHATHHUX IMPABOMOPYIIEHD CIITLHUMUA
cmgunmu rpynamu (naiai — CCI') Bumarae mpoBeIeHHS KOMIUICKCHHUX JOCIIIKCHb
MO3UTUBHOIO JIOCBIAY 3apyObKHUX JepxkaB y cdepl mnpaBocyaas. CiyniHiCTh
BUBUCHHS 1HO3EMHOTO JOCBIJly B3a€MOJIi MK MIAPO3AUIAMH  JOCYJAOBOTO
pPO3CIITyBaHHS,  MDKHAPOJAHUMHU  TOJINEHCHKUMM  OpraHizallisiMd,  I1HIIMMU
MIPAaBOOXOPOHHUMHU OpraHaMH, Ta MOXJIMBOCTI MOTO BHUKOPUCTaHHA B YKpaiHi HE
BUKJIMKAIOTh KOJAHUX CyMHIBIB.

AKIIEHTy€eMO yBary Ha OCHOBHI HampsIMHM JONOMOIHM 3apyODKHHMX KpaiH Mij 4dac
pO3CIIiIyBaHHs KpUMIHAJIBHUX MPaBONOPYIIEHb, a caMme: MO-Ieplle, MpPaBoOBYy Ta
TEeXHIYHY MIATPUMKY. MDKHapOJHl MapTHEpH, 30KpeMa KpaiHu E€Bpomnercbkoro
Coro3y, HajmaroTh YKpaiHi NpaBOBY €KCIIEPTH3y Ta TEXHIYHY JONOMOrY MJis
€(eKTUBHOTO PO3CIiyBaHHs BOEHHUX 3JI04MHIB. Lle 0Xoruitoe HaBUaHHS MEepCOHAy,
O0OMiH JIOCBIJIOM Ta HaJIaHHsSI HEOOX1IHUX PECYPCIB; MO-Jpyre, (1HAHCOBY MIATPUMKY.
@diHaHCYBaHHS 30BHIIIHBOI JONOMOTHM, Hampukian, Big Cnonyuenux IllTatiB
Amepuku (CILIA), € BaxymuBuUM Juisi  3a0€3MEUEHHS] pecypcaMu OpraHiB, SIKI
PO3CHIAYIOTh BOEHHI 3JIOYMHH; MO-TPETE, YYaCTh Y MDKHAPOJIHUX CIIIYUX TpyIax.
Amxe CCI, 1o ckiagy sIKUX BXOJASTh NPEICTaBHUKU PI3HMX KpaiH, alOTh 3MOTY
00’eHATH pPecypcu Ta eKCNepTH3y Uil €(EeKTUBHOTO pO3CIiAyBaHHS; MO-YETBEPTE,
CHIBIIpALI0 3 MDKHApOJHUMU oprasizauismu. Hanpuknaza, [HTeprnon Hagae YkpaiHi
JOCTYI IO CBOIX 1HCTPYMEHTIB JJisi pO3CIIAyBaHHS BOEHHUX 3JI0YMHIB, 110 (hopmye
edekTUBHUN 0OOMIH 1H(OPMAITIEIO Ta CTIPUSE KOOPIAUHAIT A1 MK TPAaBOOXOPOHHUMU
opraHamu pi3Hux kpaid. IlaptHepu 3 €C HajgaloTh NpakTUYHY Ta KOHCYJIbTaTHUBHY
JIOTIOMOTY, 30KpeMa mija 4ac (Qikcailii 3JI04MHIB arpecii Ta iAeHTHdIKAIll KepTB 3a
noromororo cydacHux JIHK-maGoparopiit. Cig 3a3Haunty, 1m0 3 kKBiTHS 2022 pokKy
Ha 0a3i €Bpomnony ¢dyHkiionye €nuHa Tuiatgopma s 30upaHHs, 30epiraHHs Ta
aHATITUYHOI ~ OOpOOKM  OMEepaTWBHUX  J@HUX TPO  BOEHHI  KPUMiHAJbHI
npaBonopyuieHHs. Lle cnpuse edpekTuBHOMY 0OMIHY 1H(GOpPMAIIIEIO0 Ta KOOPAWHALI]
I MK IPaBOOXOPOHHUMU OpraHamMu pi3HUX KpaiH [4, c. 269-271].

PosrasitHeMo J10CBiJ OKpEMUX JEp:KaB LIOJI0 PO3CIIAYBAHHS TpaHCHAI[IOHAIBHOI
3JIOYMHHOCTI, IO MOKE CTaTH B HAroAl MiJ Yac pO3CIIAYBaHHS KPUMIHAIBHUX
npaBonopyuens CCI.

Y CHIA icHye posraigykeHa cucTeMa CyO’ €KTiB, SIKi 3I1HCHIOIOTH JOCYJIOBE
posciiayBanHs. Tak, mMpaBOOXOPOHHI OpraHu MOAIEHO Ha JBa PiBHI: ¢enepanbHi Ta
MmicueBi opraHu. Jlo mepmioi kaTeropii BIAHECEHO BIJJOMCTBA, SIKI PO3CIIAYIOThH
KpUMiHAJbHI IPAaBOMOPYIICHHS TpPaHCHAIIOHAJIBHOIO XapakTepy abo Ti, sKi
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CTaHOBJATH 3arpo3y i HamioHanbHoi Oesmeku CIIA. [lo apyroi karteropii —
IHCTUTYIII, IO PO3CHIIYIOTh KPUMIHAJIBHI TPABOMOPYIICHHS, SKI BYMHEHO Ha
TEPUTOPIi MEBHOTO IITATy a00 OKpyry. Y CBOIO Uepry, JUIsl PO3CIIiIyBaHHS OCOOIMBO
CKJIQJIHUX 200 Pe30HAHCHUX 3JI04YMHIB CTBOPIOIOTHCS CCI', 10 ckiamy SIKUX BXOJISAThH
npeACTaBHUKY (eliepadbHUX Ta MiclieBuX opraHiB. Ciijt 3ayBaxkuTH, 1o ciaigai CLIA
MaloTh HIMPOKI MMOBHOBAXXEHHSI, HAMPUKIIA[, MPABO HA OOIIYK, 3aTPUMaHHS Ta JOMUT
nigo3proBanux [1, ¢. 227].

Y ®panmyspkiii PecnyOmimi, pearyroun Ha Cy4yacHI BHKJIMKH TEPOPUIMY Ta
Ki0ep3JI0YMHHOCTI, pe(OpPMOBAHO MPABOOXOPOHHI CTPYKTYpH, 30kpema HarionanpHy
nomiito ta YKanmapmepito. Takok BapTO HAroJOCHTH, IO BCIO Oprafizaiiio Ta
JISUTBHICTh CYJIOBO-€KCepTHUX ycTaHoB Dpaniiii moOynoBaHO 3a MDKHApOAHUMHU
CTaHJAapTaMH, Ha NIACTaBl 4YOTro y (paHIy3bKild CYyJOBO-EKCIEPTHIA CHUCTEMI €
MikHapoaHa ekcneptusa [3, c. 30]. Hocsin HinepmanaiB, ABcrpanii tTa CiHramypy
JEMOHCTPYIOTh IHTETpaliio MU(PPOBUX TEXHOJIOTIN Yy MPaBOOXOPOHHY JISJIBHICTb, IO
CTBOPIOE IUTICHI OpraHi3aliiHo-IpaBoBi Ta 1HPOPMAIIHHO-TEXHOJIOTIYHI MEXaH13MH,
[0 MOKYTh CIIYTYBAaTU PUKJIAJI0M JIJIs 3aII03UYEHHS BIJMOBIIHIX METOAMK B YKpaiHi
B YMOBaXx /Jiii BOEHHOTO cTany [2, c. 107-108].

Oxpim Buime3azHaueHoro, B Cinranypi uudpoBa TpancopMallis MOMIIT
3IIACHIOETHCS 3a AonoMoror Smart Nation, 110 0OXOIUIIOE BUKOPUCTAHHS IITYYHOTO
IHTEJIeKTy ¥ aHAJTITUKU BEIMKUX JaHUX JUIS MPOTHO3YBaHHS 37104YMHHOCTI. Ilomiis
Cinramnypy (Singapore Police Force) 3actocoBye cucremy PolCam 2.0, njo 00’ eanye
KaMEepHU BIJIEOCIIOCTEPEKEHHA 3 TEXHOJIOTISIMU pPO3Mi3HABaHHS O0JIMY  3a1Jis
MOHITOPUHTY TPOMAJCBKUX Micllb y TenepimHboMy 4aci [7]. 3 2020 poky SPF
cminpaifroe 3 Home Team Science and Technology Agency (HTX), sike po3po6usio
maTGopMy IJis aHalI3y JaHUX 13 COIIAJbHUX MEPEX 1 CEHCOPIB JJIsl BUSBIICHHS
MOTEHI[IHHUX 3arpo3 (MAacOBHX 3aBOPYIIEHb YHM TEPOPUCTUYHUX AaKTIB) [5].
Buie3azHaueHi TEXHOJOrIT COpPUAIOTh ONEPaTUBHOMY pearyBaHHIO Ha 1HUUACHTH,
KoopAuHalii A 3 IHIIMMH  BIJOMCTBaMH, IHTETpalliiHUMH  IIpolecaMu
1H(OPMAIITHO-TEXHOJIOTTYHOTO Ta OpraHi3aIiifHO-MPaBOBOro MexaHi3MiB [2, c. 108].

VY cBowo uepry, B Hinepnannax Hamionansna momimis (Politie) BukopuctoBye
mwiatdopmy Data-driven Policing 3aBasiku Tyq9HOMY 1HTEJIEKTY Ta aHATITUIIl BEJIUKUX
JaHUX I8 TPOTHO3YBAaHHSA KPUMIHAJIBHUX MPABOMOPYIIEHh Ta YIPaBIiHHSA
pecypcamu. 3 2021 poky MoJillisi BOPOBaJAMIa CUCTEMY Sense, [0 IHTErpye JaHi 3
Kamep B1JIEOCIIOCTEPEKEHHS, CEHCOPIB Ta BIAKPUTHUX JHKEPEIT sl BUSBJICHHS 3arpo3 y
TENEepIIHPOMY Yaci, HAMPUKIIAJ, MiI03PIIMX MOJIETIEH MOBEIIHKK B aeponopTax 4u
Bok3aiax [6]. CmiBnpaus 3 Europol yepe3 €Bpornelicbkuii LEHTp KiOEp3JI0UMHHOCTI
(EC3) 3a0e3neuye 0OMiH po3BigaaHuMu. [{lum migkpecaeHo 3HauyicTh MXKBIIOMYOT
Ta MDKHApPOJAHOT B3a€MO/I1T JJ1sl HAalllOHAJIBHOT CTIMKOCTI [2, ¢. 108-109]. 3 ornsiay Ha
BUILI€3a3HAYEH] ACNEKTH MIDKHAPOAHOI MPAKTUKU PO3CIIyBaHHA KpUMIHAIBHUX
MIPaBOMOPYIICHb, CUCTEMU MPOTHO3HOT aHAMITUKH 103BOJsATE CCI imeHTHdIKyBaTH
MTOTEHIIIHI 3arpo3u HAIIOHAJIBHIN Oe3Ieri Ha paHHIX CTadisix.

Takum unHOM, BUBUEHHS NTEPEIOBOT0 MI>KHAPOIHOTO JOCBITY CIIPUSIE BUSBICHHIO
MpoOJEMHUX AacleKTIB B HAI[lOHAIBHINA TIPABOBIA CHUCTEMI, a TaKOX JO3BOJISIE
aJanTyBaTH ii 10 YMOB CbOTOJIeHHs. [HO3eMHMIT TOCBIA MiSIIBHOCTI YIIOBHOBAXKEHUX
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KOMIETEHTHUX OpraHiB JIepKaB IMiJ Yac PO3CIIAyBaHHA  KpUMIHAJIbHHUX
IIPABOMOPYIICHb CIYTy€e MEPCIICKTUBHUM HAIIPSMOM JJISI BIPOBAKECHHS B JTisTIbHICTD
CCTI iHHOBaIIHUX METOJAUK PO3CI1TyBaHHs TPaHCHAIIOHAIBHOI 3I0YMHHOCTI.
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HOPMATHUBHO-ITPABOBE OGTPYHTYBAHHSI
BUMOI'M ITPO BUSHAHHS TIPABOYMHY HEJIMCHUM
3 NIJICTAB MOI'O ®PAYJATOPHOCTI B
IHO3AKOHKYPCHOMY OCITIOPEHHI

Caauienko Ouiekciii JleonizoBu4

acmipaHT 3 Kypcy IOpUANYHOTO PaKyIbTETY

JIHITPOBCHKOTO HaIllOHAJIBHOTO yHIBepcuTeTy iMeHi Onecs ['onuapa,
['onoBa AnBokatcekoro o6’eqnanss «bi [TOITHT

HaykoBuii KepiBHUK:

Aunekceenko Irop ['puroposuy,

3aBijayBay kadeapu HUBUIBHOTO, TPYA0BOTO Ta FOCIOAAPCHKOTO Mpasa, mpodecop,
KaHJIUJAT IOPUANYHUX HAYK, TOKTOP MOJITUYHUX HAYK

BrnponoBx TpuBasioro uyacy B YKpaiHI NOIIMPEHOI Ta MOMYJSpHOI Oyna
MIpaKTHKa 3MIHU TUTYJILHOTO BIIACHUKA AKTUBIB, IPU BUHUKHEHH1 3a00PTOBAHOCTI, AKY
OOpKHUK HE MaB Hamipy MOramaTH, BHACIIIOK YOro KPEAUTOPH TAKOro OOp KHHMKA
Oy 1030aBJI€H1 MOKIIMBOCTI 3BEPHYTH CTSATHEHHS Ha BIANOBIIHI AaKTHUBH.

Pa3oM 13 TUM, MOCTYIIOBO BITYM3HSIHA CyAOBa MpaKTUKa HampaloBaia Miaxo/Iu,
B1JIOMI 3 4aciB KjacuyHoro puMmcbkoro mnpasa (I — III cT. H.€.), SIKI TaKOX OTpUMaIH
PO3BUTOK LIMBIILHOMY IpaBi sIK KpaiH KOHTUHEHTaIbHOI €BpOMNM, TaK 1 B CUCTEMAX
aHTJI0-CaKCOHCHKOTO MpaBa — M030B PO BU3HAHHS NMPABOYMHY (payJaTOpHUM (actio
Pauliana).

CyTb no3oBy actio Pauliana mossirae y 3axucTi mpaB Ta IHTEPECIB KpeaAUTOpa, Ha
IIKOJy SKOMY BUMHEHUH MpaBOYMH OOpPNKHUKOM TaKOTO KpeauTopa, IUIIXOM
BU3HAHHS BIJMOBIJHOTO MPAaBOYMHY HEIINCHUM, 3 METOI0 IOBEPHEHHS aKTHBIB,
BI/IUY’)KCHHMX 32 BIJMOBIJHUM MPAaBOYMHOM, y BIIACHICTh OOp>KHUKA Ta TOAAIBIIOTO
3BEpPHEHHS CTATHCHHS Ha BIANOBIIHI aKTUBH.

Otrxe, ocHoBHa Mera actio Pauliana — BigHOBIEHHS CTAaTyCy-KBO, TOOTO
MOBEPHEHHS MaiiHa a00 M10ro BapTOCTi A0 CTaHy, SIKWW iICHYBaB Ou, AKOM maxpaiCbKUX
1 He OyJo.

AHanoriyHi BUCHOBKM BUKJIAJI€H1 TAKOX 1 B TeKCTI moctaHoBU BepxoBHoro Cyay
B 05.04.2023 poxy: HEOIMCHICTh (PpayJaTOPHOTO MPABOYMHY B MO3aKOHKYPCHOMY
OCTIIOPIOBaHHI Ma€ TapaHTyBaTH IHTEpecH Kpeautopa (KpeauTopiB) «uepes
MOXJIMBICTh JOCTYITY 10 MaiiHa OOPKHHUKAa», HABITh 1 TOTO, 10 3HAXOAUTHCS B 1HIIIHUX
oci6 [1].

[TpumiTHUM € TOM (haKT, IO HOpMATUBHA 0a3a, KA BUKOPUCTOBYETHCS I/ Yac
CYJIOBOTO 3aXHCTY IIpaB Ta IHTEPECIB KPEAUTOPIB, JII€ Y HE3MIHHOMY BUTJISAI 3 TOYATKY
2004 poxy — BBezieHHS B 1it0 [{uB1IbHOTO KOJIEKCY YKpaiHu, OJJHAK BiJIMOBIIHI HOPMU
MTOBHOITIHHO 3aMpallfoBajf 3TiHO CBOTO Mpu3HadeHHs juine mcis 2018 poky, Konu
Bepxouuit Cyn modaB aHami3yBaTH TMPaBOYMHHM HE JiMIIe 32 (POpMATbHUMHU
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KpUTEpISIMH, ajieé 1 3 ypaxXyBaHHSM MUTaHb y IX CYKYIIHOCTi: JOOPOCOBICHOCTI
YYaCHUKIB TPABOYMHY, CEKOHOMIYHOI JIOUUIBHOCTI BIAMOBIAHUX i, MOMEHTY
BYMHEHHS MTPAaBOYMHY Ta CTYIEHIO OB’ sI3aHOCTI KOHTPAreHTIB.

B KOHTEKCTI BHUIIEBUKIIAJICHOTO IIKABUM € BHUCHOBOK, BUKJaAeHUHN y PimieHHi
Koncrurynitnoro Cyny Ykpainu Bin 28.04.2021 poky, B sSikoMy aHajizyBajacs Ha
npeameT BianoBiaHocTi Konetutyii YkpaiHu MojaoKeHHs YaCTUHHU TPEThOoi cTaTTi 13,
YacTUHU TpeThoi cTaTTl 16 [{uBiibHOTO KOJEKCY YKpaiHu:

«3aIACHIOI0YH TIPABO BJIIACHOCTI, Y TOMY YHCJIIl MUISIXOM YKJIaJACHHS JOTOBOpPY abo
BUMHEHHS IHIIIOTO TMPaBOYMHY, 0co0a MaE€ BPaxOBYBaTH, IO peami3allis CBOOOIU
JOTOBOPY SIK OAHI€T 13 3acaj IUBIUIHLHOTO 3aKOHOJIABCTBA MepedyBa€e y MOCYTHHOMY
B3a€EMO3B 3Ky 3 yCTaHOBJICHHMMH KoaekcoM Ta IHIIMMH 3aKOHAMH MEKaMH
3M1MCHEHHS IMBUIBHUX NpaB, Y TOMY YHCIl IpaBa BIJIACHOCTI. Y CTaHOBJICHHS
Konexcom abo iHIIMM 3aKOHOM MEX 31MCHEHHS IpaBa BJIACHOCTI Ta peamizarii
CBOOOIM NTOTOBOPY HE cymepeunTh BuMoram Korcturyilii YkpaiHu, 3a BHHSITKOM
CUTYaIli}, KOJIU /111 BCTAHOBJICHHS TAKUX MEK HEMa€ MPaBOMIPHOI (JIETITUMHOT) METU
a00 KOJIM BUKOPUCTAHO IOPUAUYHI 3aCO0U, 10 HE € TOMIPHUMU. Y 3B’SI3KY 3 THUM, 1110
yacTUHa TpeTa ctarti 13 Ta yactuHa Tpers crarti 16 Koaekcy maioTh Ha MeTi
CTUMYJIIOBATH YYaCHUKIB IMBUIBHUX BITHOCHUH JI0 JIOOPOCOBICHOTO Ta PO3YMHOIO
3M1MCHEHHs CBOIX UBLIbHUX NpaB, Koncturymiinuii Cyn Ykpainu IiMIoB BUCHOBKY,
10 11 METa € IPABOMIPHOIO (JIETTTUMHOIO)» [2].

Cnin 3a3Ha4UTH, M0 OCKUTbKM LIMBIIBHUI KOAEKC YKpaiHM HE MICTUTHh OKPEMOT
CTaTTl, MPUCBAYEHOI HENIIMCHOCTI MPAaBOYMHY 3 MIACTaB Horo (payaaropHOCTI,
TPUBAJIMN dYac cepel MPAKTUKIB Ta B HAYKOBUX KOJaX TpUBaJa TUCKYCIS IIOIO
HOPMAaTHBHO-TIPABOBOIO OOIPYHTYBaHHSl BIANOBIAHMX T1030BIiB actio Pauliana,
30KpeMa 4M CIijl ix KBaniikyBaTu K (piKTUBHI NpaBouuHU [3].

Sk cnymno 3ayBaxye M.IO.Camox, (IKTUBHI MPaBOYMHU MAIOTh Psij CHIJIBHUX
O3HaK 13 (payJaTOpHUMHU, HacaMIepell 1€ 3JIOBXKHMBAHHS TMPAaBOM IUISXOM
MaHIMyJISAIIA 13 TPaBOBUMHU HACITIJKaMM, a TAaKOXX TMOPYIICHHS TMpaB 1 3aKOHHUX
1HTEepeciB TpeTix ocid [3].

Psn  nmocmimaukiB, 30kpema [odensn [.C., BBaxkaroTh, mo ¢payraTropHui
MPaBOYMH € BUJIOM (DIKTHBHOTO MPaBOUYUHY [4].

[TepBicno mo3uiis Benukoi Ilamatu BepxoBHoro Cyay 1moao0 BiAMOBiIHOL
nmpoOJeMaTUKKA 3BOJUIIACS JO BHUCHOBKIB, BUKIAJeHUX y moctaHoBi Big 03.07.2019
POKY: TO3MBa4Y BIIPaBi 3BEPHYTHUCS JIO CYAY i3 MO30BOM IPO BHU3HAHHS JIOTOBOPY
HEJIWCHUM, SK TAaKOTro, IO HaNpaBJICHWA Ha YHUKHCHHS 3BCPHCHHS CTSATHCHHS Ha
MaifHO OOp>KHUKa, Ha T1JCTaB1 3arajJbHUX 3acaj] IMBUILHOTO 3aKOHOAABCTBA (MIYHKT 6
cratTi 3 IIK Ykpainu — m10OpPOCOBICHICTH SIK 3acajia [UBUILHOIO 3aKOHOJABCTBA) Ta
HEJIOMMYCTUMOCTI 3JIOBKMBAaHHS IpaBoM (dactuHa Ttpets crarti 13 LK Vkpainm), Ta
MOCJIATHCS Ha CIICMiaIbHy HOPMY, IO Tepeadayae MiJACTaBy BU3HAHHS MPABOYUHY
HEJIICHUM, KOO MOXKe OyTH sK TijcTaBa, nependadyera crarrero 234 11K Ykpainu
(pikTHBHI MPaBOYMHM), TAK 1 1HIIIA, HATIPUKIIAJ, T/ICTaBa, ependadeHa cTaTTero 228
LK Vkpainu (mpaBo4uH, sIKUW MOPYIUIY€E MyOIIdYHUN TTOPAIOK) [S].

B nopanemomy BepxoBuuit Cyn yTOYHMB BJIaCHI BUCHOBKH, HaroJIOCHBIIM Ha
TOMy, IO KBami(ikaiis TMpaBOYMHY SK (DIKTUBHOTO BUKIIOUAETHCSA, SIKIIO Ha
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BUKOHAHHS OCIIOPIOBAHOTO MPABOYMHY OyJIO MEpeJaHO MalHO 4Yd BiIOYBCS mepexis
IpaB; HATOMICTb JJIs KBasidikallii GppayaaTopHOro MpaBOYMHY B MO3aKOHKYPCHOMY
OCMOPIOBaHHI AK TaKOro, II0 BYMHEHHWI BCyIeped MPUHIMITY J0OPOCOBICHOCTI Ta
HEJOMYyCTUMOCTI 37I0BKUBaHHA npaBoM (ctatTi 3, 13 [IK Ykpainu) He Mae 3HaueHHs,
10 HAa BUKOHAHHS OCIOPIOBAHOTO MPAaBOYMHY OyJI0 MEepeaaHo MalHO 4d BiJIOyBCS
nepexia npas [6].

V 1 ke MOCTaHOBI TAKO HAroJIOIIEHO Ha HACTYITHOMY: OJTHOYacHa KBaJTi(hiKaris
OCTIOPIOBAHOTO (hpayJaTOPHOrO MPAaBOYHHY B MO3aKOHKYPCHOMY OCIOPIOBAaHHI SIK
¢iktusHorO (crarts 234 LK Ykpainn) 1 Takoro, 1o BYNHEHUH BCynepey MPUHITUITY
T00pPOCOBICHOCTI Ta HEIOMyCTHUMOCTI 3JIOBXKMBaHHS mpaBoM (crarti 3, 13 IK
VYkpainu) He gomyckaeThes [6].

I Bxe y moromy 2026 poky Benuka [lanara Bepxosaoro Cyny, BIACTynarOuu BiJ
nonepeiHiX BUCHOBKIB BepxoBHoro Cyny, copMyiroBana BUCHOBOK, BIAMOBIIHO J0
SKOTO OCIIOPEHHS JIOTOBOPY SIK (PpayAaTOpPHOTO MPABOYMHY 1032 IPOBAHKEHHSIM TIPO
HECIUIaTOCIIPOMOXHICTh OOp)KHMKa, MOJKJIMBE Ha IIJCTaBl 3arajbHUX 3acaj
LUBLIBLHOTO 3aKOHOaBCTBA (11. 6 cT. 3 LIK Ykpainu) Ta HE1omycTUMOCTI 3710BKUBAHHS
npaBoM (4. 3 cr. 13 LK Ykpainu), ockinbky 1MO3MBay BIIpaBl 3BEPHYTHUCS JI0 CYAY 3
M030BOM IIPO BHU3HAHHS JIOTOBOPY HEIIMCHUM SIK TAaKOro, IO HANpaBiIeHUH Ha
YHUKHEHHS 3BEpHEHHS CTATHEHHsS HAa MaliHO OOp>KHMKA — 1 BIANOBIIHA HOPMAaTHUBHO-
mpaBoBa KBadiikamis IIJICTaB JUI BU3HAHHS TAKOTO MPABOYMHY HEHAINCHUM €
JOCTaTHBOIO [7].

OTxe, HE3Ba)KAIOUM HA MPAKTUYHE 3acCTOCyBaHHS 1030BiB actio Pauliana
BIIPOJIOBK 0araTbOX CTOJIITH Ta IMIUIEMEHTALIII0 BIIMOBIIHUX PABOBUX KOHCTPYKIIIMA
B IPABOBUX CUCTEMax 0ararbOx KpaiH, SIKI TPaAHULIMHO BITHOCATHCSA 10 3axXiJHOi
LMBLII3aIi1, YKpaiHa MPOIOBXKY€E HIJISAXOM MPOO Ta HOMUJIOK HAMpPalbOBYBATH BJIACHI
IHCTPYMEHTH Ta MEXaHI3MH 3aXUCTy 1HTEPECIB KPEIUTOPIB BiJ A1 HEAOOPOCOBICHUX
OOpIKHUKIB.

Boanouac, ockinbku BepxoBna Pana Ykpainu iHimiroBaza mpouec pekoaudikarii
[{uBimpHOTO KOJEKCY YKpaiHM, BBa)XKaeMO 3a JOLLIbHE BKIIOYUTH JIO TEKCTY
OHOBJICHOTO HOPMATHBHOTO aKTy OKpPEMY CTaTTi0, MPHUCBSYEHY HEIIHCHOCTI
MPABOYMHY 3 MIJCTaB WOT0 BUMHEHHS 3 METOIO 3aMOJISIHHS MIKOJIU KPEIUTOpY, IO
cCrpusTUME OUIBIINA TPaBOBIA BU3HAYEHOCTI Y BIAMOBIIHUX MMPABOBITHOCHHAX.
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HUBIJIBHO-IIPABOBA BIAIIOBIJAJIBHICTD 3A
HIKOAY, 3ABJAHY HITYYHUM IHTEJIEKTOM

IOpko IBan BosonumupoBu4

3100yBay BUIIIOi OCBITH

[TonTaBCHKOTO FOPUAMYHOTO IHCTUTYTY

HartrioHaibHOTO I0pUIUYHOTO YHIBEPCUTETY iMeH1 SpociaBa Myaporo

AKTyanbHICTh TPOOJEMHU LUBUIBHO-TIPABOBOI BIAMOBIIAIBHOCTI 32 MIKOXY,
3aBAaHy MTy4yHUM iHTeNnekToM (mam — IIII), 3ymoBieHa CTPIMKHM pPO3BUTKOM
ABTOHOMHMX TEXHOJIOTIH Ta BIACYTHICTIO Y YUHHOMY 3aKOHOAABCTBI YKpaiHU YITKHX
HOpM 1040 mpaBoBoro crarycy LI Ta mexaHi3MmiB BIAIKOYBaHHS WIKOAU. Takuii
HOPMAaTHBHUN BaKyyM CTBOPIOE€ PU3MKU I MPABOBOI BU3HAYEHOCTI, OCOOJIMBO 3
OTJISITy Ha MOJKJIMBI COLlAJIbHI Ta €KOHOMIYH1 HACJIKX aBTOHOMHOI JIISUTBHOCTI 1IMX
CUCTEM.

VY nokTpuHi TpuBae auckycis moao MoxxauBocTi HagaHHs I cratycy cy6’ekra
[MBUILHOTO TpaBa. BiAMoBiIHO 10 3aKOHOJABCTBA YKpaiHW CyO’€KTaMu IpaBa
BU3HAIOTHCS Jinie (Pi3uyHi1 Ta IopuandHi ocodu [1], a )KoJeH HOPMATUBHUM aKT HE
Hajuse LI npaBocy6’ ekTHICTIO. TOMY HacHIKK Horo ()yHKIIIOHYBaHHS 3aKOHOMIPHO
NOKJIAAI0ThCA Ha JIIOJUHY — BJACHHUKA, KOpHUCTyBaua alb0 po3poOHHUKa, IO
y3romkyerbess 31 cr. 1172, 1173, 1187 LK VYkpaiau, ski BCTaHOBIIOIOTH
BIIMOBIJAIBHICTD 3@ IIKOMY, 3aBAaHy 1HIIMMU 0coOamMu abo JKEPEsIOM IiJIBUIIICHOT
Hebesmeku [2, c. 3].

Ak 3a3nauae Iumka H., nuTtanHsa BiANOBILAAIBHOCTI 3a mKoAy, cipuurHeny 111,
aKTUBHO JOCIHIJDKYETHCS HAa MDKHApOAHOMY DIBHI BXK€ MOHAJ JecATh pokiB [3]. ¥V
Pesomnroniii €Bporneiickkoro napiamenty Bij 16 marororo 2017 poky (2015/2013(INL))
[4] mpomoHyBanoCs PO3TJISTHYTH MOKJIMBICTb CTBOPEHHS CIELIAJIbHOTO MPABOBOTO
CTaTyCcy AJisi poOOTIB, 30KpeMa KOHIIEIMIIIl «EJIEKTPOHHOI ocoductocTi». [IpoTe B
Pesomtomii Bix 20 sxoBTHS 2020 poky €BponapiiaMeHT [S] BITMOBUBCS BiJT 1711 HaJaHHS
npaBocy0’exktHOCTI cuctemam IIII, HaromocuBiM, 10 MIKOJAA, 3aBJaHAa HHUMH, €
MTOX1JHOO BiJ JIIH JIFOJMHH, KA X CTBOPIOE UM eKcIuTyaTye [3, c. 3].

Y IUBLTICTUYHIN TOKTpUHI cOopMyBajocs KiUTbKa MIAXOAIB 0 BUPIMICHHS IIi€i
npoOiemu. YacThHa HayKoBIIB Hamosisirae Ha Tomy, mo LI mae 3amumarucs
BUKJTIOYHO 00’€KTOM ITMBUIBHO-TIPABOBUX BIAHOCHH, OCKUIBKHA BIH € TPOIYKTOM
JTIOJICHKOI  JisibHOCTI  [6; 7). BoaHouac 1HIN  JOCHIIHUKKA TPOTOHYIOTh
3aMpOBAKEHHSI  CIELIAIIbHOIO MPABOBOTO  CTAaTyCy HJii BUCOKOPO3BUHEHUX
ABTOHOMHMX CHCTEM 3 METOI  MIJABUIIEHHS €(QEeKTUBHOCTI  MEXaHI3MiB
BIIMOBIAIBHOCTI Y pa3i 3aBJaHHs MKOU [ 8]

Ax caymHo 3ayBaxkuB cymas  BepxoBHoro Cyay 'y KacauiiiHomy
aaMiHICTpaTUBHOMY cyJi bepHasiok Sl., HUHI TpuBae poOOTa HAJ KOMEHTApEM JIO CT.
16 Komekcy Ta mnpoektom IlosokeHHs 110710 BUKOpUCTaHHS TexHoJori III
npauiBHuKamMu Amnapary BepxoBaoro Cyny, OCHOBHOIO 17I€€l0 SIKMX € aOCOIIOTHa
BIJIMOBIAANIBHICTH KOpUcTyBaua. Ha ioro nymky, LI Mmae po3risiaatucs BUKITIOYHO SIK
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IHCTPYMEHT, 110 HE 3/[aTHUI BUKOHYBATH OLIbIIE, HIXK 3aKJIa/IEHO CaMOI0 JIFOJIMHOIO, a
OT)K€, KOpPUCTYyBad IOBHHEH HE JIMIIE NpaBUIbHO (GOPMYIIOBATH 3aluT, a W
BIJIMOBIAQIHHO MEPEBIPATH OTPUMAHUN pe3ybTar [9].

s mo3uiiist BUIaeTbes o0rpyHTOBaHOI0, ockuibku HagaHHs LI crarycy cy0’exra
IIMBUIHLHOTO MpaBa € IepeadyacHuM K y pitocodchbkoMy, TaK 1 OPUIAMIHOMY BHUMIpI.
I mo36aBiaeHU CBIAOMOCTI, BOJII Ta HaMIpy — KIIOYOBUX IIEPEIyMOB
paBOCYO’€KTHOCTI, @ HOro MOBEAIHKA € pe3yJbTaTOM aJIfTOPUTMIB, CTBOPEHUX
moauHo. ToMy BiIMOBIAANBHICTH 32 TAaKOTO CIEHApir0 Maja O MOKJIaJaTHUCS Ha
¢b13uuHuX a00 IOPUANUHUX OCI0, IKI CTBOPIOIOTH UM €KCILTYyaTyIOTh TaKi CUCTEMH.

BoaHnovac yacTuHa HAyKOBIIIB aKIIEHTY€ Ha (PEHOMEH1 «aBTOHOMHOI KO, KOJIH
I mpuitmae pimeHHs 6€3 MPSMOTO KOHTPOJIIO KOPUCTYyBaya, a iX HaCHiAKU HE OyIu
nepeadadeHi BUPOOHUKOM. Y TaKUX BUMAAKAX JOIIJILHUM € 3aCTOCYBaHHS TIPUHITUITY
BIIMOBIJATBHOCTI 3a pU3HUK BiAMOBIAHO A0 cT. 1187 LK VkpaiHu, sika BCTaHOBIIOE
000B’SI30K BIJIIIKOTyBaHHS IIKOJA HE3AJIEKHO BiJl BUHH, SIKILO JISUIBHICTD MOB’sI3aHa
3 JoKEpesnoM IiaBuIeHoi Hebe3neku [8]. 3BiCH MPOMOHYETHCS BIIHECTH O TAKUX
JoKeper 1 BUCOKOPIBHEBI aBTOHOMHI cuctemu 1.

3 moryisay MpakTUYHOTO PETyJIOBaHHs, BiANOBIAaNbHICTS 3a Aii LI moxe Oytu
3a0e3mnedeHa NUIsIXOM 3alpOBaKEHHSI 000B’I3KOBOT'O CTPAXyBaHHS PU3HKIB, MTOIOHO
JI0 CTpaxyBaHHSI BIATIOBIIAIbHOCTI BJIACHUKIB TPAHCIIOPTHUX 3aC001B, /1€ TAKOXK ICHY€
PU3UK aBTOHOMHOI IIKOJM uepe3 TeXHIuHI 3001 um mexaHiuHi naedexrtu. ITomai0H1
MIJIXOAW BXKE aHami3yloThcsi B €Bpomeiicbkkomy Coro3i, 1€ €BpOKOMICIS MPONOHYE
CTBOPEHHS €IMHOTO0 MexaH13My KomrmeHcalii mkoau Bifg LI y dbopmi ponnaiB ado
CTpaxoBUX rapanTiid. Takuil MexaHi3M HeE JIMIIE MOCUJIIOE 3aXHUCT MOTEepPNUINX, a U
CTUMYJIIOE BUPOOHUKIB JIO BIPOBAKEHHSI OLIbII BUCOKUX CTaHAAPTIB O€3MEKU Ta
€TUKH Y pOo3p0o0IIi AITOPUTMIB.

[Ipote TyT € TeX MOMEHT LI0J0 MpaBa BiacHOCTl. Hampukian aBTOMOOUIL €
JDKEpEeJIoM MIABUIICHOI HeOEe3NeKHn dYepe3 CBOI KOHCTPYKTHBHI OCOOJMBOCTI, SIKI
BKJIIOYAIOTh CKJIQJHI CHCTEMH, IO TMPAMOTh Ha MEXaHIYHINA, XIMIYHIA Ta
CJIEKTPUYHIM €Heprii, a TakoXX BUKOPUCTOBYIOTh BOTHEHEOE3MeuHI Ta TOKCHYHI
pedyoBuHHU. HaBiTh HEpyXOoMHil aBTOMOO1JIb MOKE 3aBJIaTH IIKOU, HATIPUKIIA, Yepe3
3aropstHHs a00 BUTIK MajgbHOTO. L{i hakTOpu CTBOPIOIOTH PU3UK JJII OTOUYIOUHX, IO
pOOHTHL BOJIOMIHHS aBTOMOO1JIEM BIJMOBIIAJIBHUM, HE3aleXHO Bij Horo pyxy [10].
Toji mocTae KIIFOYOBE MUTAHHS, KOTO BU3HA4YaTH BiaacHukoM 1117

VY 1bOMY KOHTEKCTI JIOIUJIBHO OYyJIO O pO3TJISIHYTH TaKOK MOJKJIMBICTH BBEJACHHS
CICLIAIbHOTO  MPABOBOTO  PEXUMY  BIAMOBINAIBHOCTI IS PO3POOHMKIB,
nocTavyajibHUKIB 1 KopuctyBadiB LI, moaiOHOro mo pexumy, 1o icHye y cdepi
BUKOPUCTAHHS HEOEe3MeYHUX TEXHOJIOTi abo sjuepHoi eHeprii. Taka Mojenb
BIJINOBIJIAJILHOCTI HA OCHOBI MPHUHIIUITY «CTPOroi BiAMOBiAaNbHOCTI» (strict liability)
BXK€ 3aCTOCOBYETHhCS B MDKHAPOJHIA TpaKTUIll 1 MoOke OyTH ajanToBaHa IS
texHosorii I11I.

Taxk nHa aymxy Maprenko H. C., I cmig po3rmsimatu sk «IpOAYyKT» HMOTO
BUPOOHMKA, SIKU Ma€ HECTH BiJMOBIAAIBHICTh 32 HEHAJIECKHY SIKICTh TAKOTO TOBApY
[2, c. 5]. IIpoTe mocTae MUTaHHS, Y MOXYTh BIACTUBOCTI aJITOPUTMIB, CIEIIaIbHO
3aKjJajieHl JIIOJWHOIO0 Ui 3a0e3meueHHs aBToHomHOcTi IIII, BBakaTucss Horo
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HEJOJIKOM. AJpKE HEIONIK TPATUIIAHO BHU3HAYAETHCS SK  HEBIMOBIIHICTH
O0OTpyHTOBAHMM OUIKYBaHHSIM CIIO’KMBaya a00 HEBUKOHAHHS 3asBJICHUX (PYHKIIIM.

Y Takomy pa3i BuHHMKae mgwiema: skmo Il crae iHCTpyMEHTOM BYMHEHHS
OPOTUNPABHUX i a00 aBTOHOMHO Ji€ y CHOCIO, IO CHPUYHUHSE CYCIUIBHO
HeOe3MneuHl HACHIIKK, YU CJiJ KBami(pikyBaTH IIe SK BHUXIJ 32 MEXI1 JIIOJACBKOTO
KOHTPOJIIO, UM SIK TEXHIYHUIN HEIOMIK MPOTYKTY?

Ha wnamy nymky, moaiOHI OOCTaBUHM OLIBIIOI0 MIpOI KOPECHOHAYIOTh 13
KOHIICTIIII€I0 BU3HAYCHHS IITYYHOTO IHTEJEKTY SIK JDKEpea IMiJBUIIESHOT HEOE3MeKH.
Ha BiamiHy Bix Hemomiky Hu(GPOBOrO MPOAYKTY, SKUA MEpPeayCIM CTOCY€EThCA
MOPYIICHHSI TEXHIYHUX YW (PYHKI[IOHAIBHUX XapaKTePUCTHUK, HEKOHTPOJIhOBaHA
aBToHOMHA moBeinka I moTenHiitHo 31aTHA 3aBAATH 3HAYHOI IIKOAM CYCHUIBHUM
1HTEepecaM.

[IpoGaeMHUM acCTHEKTOM 3aHINAETHCS BCTAHOBJICHHS MPUYUHHO-HACIIIKOBOTO
3B’s13Ky MUK (pyHKIionyBanHsM Il Ta 3aBmaHoro mkonor. Y miTepaTypi CIyLIHO
3ayBaxkyeThcs, o cuctemu 111 3matHi 10 camonaBuanHs, Moaudikailii anropuTMiB Ta
yXBaJICHHS PIIlIeHb, HeTlepe10auyBaHUX HaBITh JJIs IXHIX po3pooHuKiB [11, c. 147]. 3a
TaKMX YMOB 3aCTOCYBaHHS KJIACHMYHOI JENIKTHOI MOJIEJl 3HAYHO YCKJIATHIOETHCS,
OCKIJIbKH JIOBEJICHHSI BUHU KOHKPETHOT 0cO0M MOXke OyTH (haKTHUHO HeMOXITUBUM. Lle
aKTyali3ye MCKYCIIO 100 MOXKJIUBOCTI TIEPeXoAy BiJl Cy0’ €KTUBHOI (BUHOBHOI) 110
00’€KTUBHOI BIJNOBIJAIBLHOCTI, TOOTO TMOKIAJACHHS OOOB’S3KY 3 BIIIKOIYBaHHS
IITKOAM Ha BilacHWKa abo kopucrtyBada LI He3amexHO Bim MOBEACHHS iXHBOI BHHH.
Bonnouac oueBugno, mo I He € camocTiiiHMM Ccy0’€KTOM, a HOTO aKTHUBHICTh
3aIyCKAEThCS Ta CHPSIMOBYETHCS JIFOJWHOK, MO0 CTaBUTh NHUTaHHS TIPO 0OCHT
MPaBOBUX HACIIAKIB, sIKI caMe (DaKT BOJIOIIHHS TAKOK CUCTEMOIO MOXKE MOPOJKYBATH.

Axmio x BracHukoM LI BU3HaeThCsT pO3pOOHUK, BUHUKAE JOJATKOBA MpodiieMa:
YM MOXYTh IME€pPECiYHl KOPHUCTyBadl HECTH BIANOBIAAIBHICTh 3a 3alUTH, SKI
CIIPUYMHUIN HebaxkaHi colialibHl Hachiaku? Ha chorojHi 1ie MUTaHHS Mae paiiie
PUTOPUYHUIN XapaKTep, OCKUIBKU OJHO3HAYHOI BIAMOBIAL y MeXaX JOCHIIKEHHS HeE
BUSIBJICHO.

Y HaykoBOMY JHMCKYpCI TaKOX MPOCTEKYETHCS CIPoOa MPOBECTH aHAIOTII0 MIX
I Ta TBapuHamMu SK 00’€KTaMH, 3JIaTHUMH 3aBJIAaTH IIKOAW HE3aJCKHO BiJI BOJI
BiacHuKa. [lorpu neBHy UTFOCTPATUBHICTH TAKOi aHAJIOTIT 11010 Hemepen0ayyBaHOCTI
MOBEIHKA, BOHA € OOMEXEHOI0: TBAPUHU JIIFOTh HA OCHOBI MPUPOIHUX 1HCTHUHKTIB,
tomi sik 11l — Ha OCHOBI anrOpUTMIB, CTBOPEHUX JIOAMHOIO [2, c. 5]. Lle yacTkoBO
KOPEJIOE 3 MO3MUIIEI0 HAYKOBINB, Kl MponoHytoTh posrmsaaru I sk mxeperno
M1JIBUIIICHOT HeOe3eku. BTiM, Ha Halll IOTJIsi/I, aHAJIOT1sI 3 TBRAPUHAMU € JIUIIIE YMOBHO
pPEJIEBaHTHOIO, 3 OIVISAY Ha TMOCTIMHY 3aaTHicTh cuctem Il 10 OHOBIIEHHS Ta
3pOCTaHHS PiBHS aBTOHOMHOCTI.

[TokazoBUMH € 1 HOBITHI €MITIpUYHI JOCHIKeHHS. Tak, kommanis Anthropic y
KBITHI TOTOYHOTO POKY ONPUJIIOAHMIIA pe3yiabTaT aHamizy nmoHaza 700 000 B3aemo i
13 [lI-acucrentom Claude, y mexax sikux BusiBjieHO 3 307 yHIKaIbHUX MOPaJIbHICHUX
Opi€HTalllid, KIacu(pIKOBAaHUX y IT’SITh TPYI: MPaKTU4HI, Mi3HABAJIbHI, COIliaJIbHI,
3axucHi Ta ocobucti [12]. Lle cBimunTh npo (GopmyBaHHS CKIAJAHOI Ta aJaNTUBHOI
CUCTEMH LIIHHICHUX MOJEJIEH, 1110, y CBOIO YEPTY, YCKIIAIHIOE OLIHKY PU3HUKIB.
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Pa3zom i3 TuM, 3a manumu nociimkeHHs CTeH(OpACHKOro 1HCTUTYTY MITYYHOTO
1HTEJIeKTY, opieHTOBaHOTO Ha MtouHy (HAI), po3BUTOK €KOCHCTEMU BIIIOBIIAJIBHOTO
I (RAI) 3amumaerbcst HepiBHOMIpHMM. He3Bakarounm Ha CTpIMKE 3pOCTaHHS
KUIBKOCTI 1HIIMJICHTIB, MOB's13aHuX 13 Bukopuctanusam I, y Beaukux po3poOHMKIB
IPOMHUCIIOBUX MOJIeNIell yce 1ie Opakye CTaHIapTU30BAaHUX 1HCTPYMEHTIB OIIIHKU
pusukiB. HoBi metonuku — Ttaki ssk HELM Safety, AIR-Bench ta FACTS — nuie
MOYMHAIOThH BIPOBA/IXKYBATUCSA, & PO3PUB MK YCBIIOMJICHHSIM HEOE3IeK 1 pealbHUMU
KpOKaMH 100 iX MiHIMi3arlii 30epiraerbes [13].

B Vkpaini noci He icHye chemialbHUX HOPMAaTHBHO-TPABOBUX aKTiB, IO
KOMILJIEKCHO PETYJIOIOTh MUTAHHS BiAMOBINATBLHOCTI 3a IIKOMY, 3aBIAHy IITYYHUM
iarenexkrom (IIII). HasiBHI KOHIEeNTyanbHI JOKYMEHTH ITUGPOBOTO PO3BUTKY JIHIIEC
no6iyHo 3ranytoTh LIl B KOHTEKCTI €TUKM Ta 1HHOBALllM, aje HE BU3HAYAIOTh HOTO
MIPaBOBOT'0 CTaTyCy UM MEXaHI3MIB BIAIIKOIYBaHHA IIKOJIU. Taka (parMeHTAPHICTh
CBIIUUTh MpPO HarajbHy MNOTpedy Yy CTBOPEHHI WUIICHOI CHUCTEMH IPAaBOBOIO
PETYJIIOBaHHS 13 BpaxXyBaHHSAM €BPONEHCHKUX IiJIX0/IIB, MOO0YI0BAHUX HA MPUHITUIIAX
00epeKHOCTI, MPO30POCTI Ta MiA3BITHOCTI.

[TinTpuMyroun mo3uiito 1mo 10 BigHeceHnHs LI go mxepen migBuieHoi HeOe3meKu,
CIIlJ BM3HATH, IO NWUTAHHSA MOKJIAJaHHS BIAMNOBIOAJHHOCTI Ha BJIACHUKA abo
KOPUCTYBada 3aJMIIAEThCS HEBHUpIilICHUM. l[lompu MOMIIBHICTE 3alpPOBAKEHHS
[IMBUIBHO-TIPABOBOI BIJMOBIJATBHOCTI 3a mIKoAy, cnpuunHeny I, Hamanns fomy
CTaTycCy cy0’€KTa MpaBa HUHI M030aBJIeHE HEOOX1THUX OHTOJIOTIYHUX Ta FOPUIUIHUX
nepeayMoB, ockinbku I € mTydaM anroputMom, IKuit MOXKe QPYHKITIOHYBATH JTUIIIC
B MEKax JIFOJCHKOTO TPOrpaMyBaHHS Ta YIIPaBJIiHHS.

OTtxe, Ha cydacHoMy ertami LI BapTo po3risaaTy Sk KOHTPOIbOBAHUMN TEXHIUHUN
3aci0, CIIBMIPHUW 3 1HIIMMU OO0 ’€KTamu, IO HaJeXaThb JO JKEepeN MMiJABUIIEHOT
HeOe3neku. Y 1bOMY KOHTEKCTI YKpPaiHChbKE 3aKOHOJIaBCTBO Ma€ 3a0€3MEYUTH YiTKE
HOPMAaTHBHE 3aKPIIJIEHHS BIANOBIAAIIBHOCTI pO3POOHHKIB 1 KOPUCTYBAYiB 32 HACIIIJIKH
3aCTOCYBaHHS TaKMX TEXHOJOTiH. JIOMUIBHUM BUIAETHCS a00 YTOYHEHHS IOJIOKCHb
ct. 1187 UK Ykpainu, a0 CTBOpEHHSI OKPEMOTO PO3/iTY, IPUCBIYECHOTO IIUBIIHHO-
MpaBOBIM BIAMOBITATBHOCTI 3a miKoAy, 3aaany II, mo m03BoaUTH €PEeKTHBHO
BPETYJIIOBaTH PU3HUKH, SIK1 MIOKH 3ATUIIAIOTHCS 117 KOHTPOJIEM JIFOIUHH.
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The large-scale transformations of the Ukrainian economy under conditions of war
and post-war recovery have led to profound structural changes in the labor market,
manifesting in a persistent imbalance between labor demand and supply. This
imbalance is driven by demographic decline, significant external migration, internal
displacement, and institutional constraints that collectively limit the country’s capacity
for economic recovery and modernization [1-2]. At the same time, technological
transformation — characterized by the rapid diffusion of digitalization, automation, and
artificial intelligence — is not only altering the scale of labor demand but fundamentally
restructuring its content, sectoral composition, and qualification requirements. Rather
than simply reducing the need for labor, technological change intensifies the demand
for adaptable, digitally competent, and continuously learning workers, thereby
deepening qualitative mismatches between labor supply and demand. In such
conditions, technology acts not only as an extension of human capabilities but also as
a factor that increases the dependence of economic development on the quality,
flexibility, and relevance of human capital.

However, internal labor reserves remain limited and structurally constrained, as
vulnerable groups such as internally displaced persons, veterans, and persons with
disabilities face significant barriers to labor market integration. Moreover, the existing
education and training systems are not always capable of responding promptly to the
rapidly changing skill requirements of a technologically transforming economy. As a
result, the labor market crisis in Ukraine is characterized not only by quantitative
shortages of workers but also by a persistent skills mismatch.

Therefore, the search for effective mechanisms to replenish and optimize labor
resources becomes a critically important scientific and practical task. In this context,
managed immigration should be considered not merely as a compensatory response to
demographic losses, but as a strategic instrument for addressing both quantitative and
qualitative labor market imbalances. Its integration into a broader socio-technological
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and institutional framework allows for a more comprehensive approach to human
capital development and supports the alignment of labor supply with the needs of a
dynamically evolving economy.

The aim of this study is to substantiate the role of managed immigration as a
strategic instrument for addressing both quantitative labor shortages and qualitative
mismatches in the context of technological transformation, as well as to develop a
conceptual approach to its integration into the system of socio-economic recovery and
human capital development in Ukraine.

The object of the study is the labor market of Ukraine under conditions of war,
post-war recovery, and ongoing technological transformation.

The subject of the study is the managed immigration as a policy mechanism for
regulating labor supply and mitigating structural imbalances in the labor market,
including skills mismatches arising from economic restructuring and digitalization.

The methodological framework of the study is based on an interdisciplinary
approach combining the principles of labor economics, migration studies, and
institutional analysis. The research employs general scientific methods, including
analysis and synthesis to identify structural labor market imbalances, as well as
abstraction and generalization to formulate the conceptual role of managed
immigration. In addition, the study applies elements of systemic analysis to assess the
interconnections between technological transformation, labor market dynamics, and
migration processes. The empirical basis of the research is formed by secondary
analysis of analytical reports and statistical data from international organizations and
national institutions.

Research objectives.

1. To analyze the structural imbalances of the Ukrainian labor market under
conditions of war, post-war recovery, and technological transformation, including their
key determinants and the impact on the structure and quality of labor demand.

2. To assess the limitations of internal labor market resources, including vulnerable
population groups, in addressing both quantitative labor shortages and qualitative skills
mismatches.

3. To substantiate the role of managed immigration as a strategic instrument for
aligning labor supply with the needs of a technologically evolving economy and to
identify key institutional and policy factors determining its effectiveness.

Analysis of structural imbalances of the Ukrainian labor market under
conditions of war, post-war recovery, and technological transformation

The Ukrainian labor market is characterized by deep structural imbalances between
labor demand and supply, driven by demographic decline, large-scale external
migration, internal displacement, and institutional constraints. These imbalances are
further intensified by the outflow of more than 6 million people, including to Germany
(1.3 million), Poland (~977,980), the Czech Republic (~398,370), and other countries,
which has significantly reduced labor force participation and narrowed the domestic
supply of the economically active population, as 54.1% of migrants are economically
active individuals aged 35-65 [3]. Despite a decrease in the unemployment rate to 11.5—
13%, the labor market demonstrates a “shortage paradox”, where the number of
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vacancies grows faster than the number of active job seekers [4]. This creates a
situation in which labor scarcity coexists with formal unemployment, reflecting deep
structural distortions rather than cyclical fluctuations. In particular, 71% of enterprises
report a critical need for employees, while another 25% experience shortages but
continue operating under constrained conditions. Although enterprises respond
actively — 87% have increased wages, 84% have introduced bonus systems, more than
half invest in staff development, and some even provide housing — these measures
remain insufficient to address the structural nature of labor shortages [1]. These trends
indicate that the imbalance is structural rather than cyclical and cannot be resolved
through short-term market adjustments alone.

Technological transformation further intensifies these imbalances by
fundamentally reshaping the structure and quality of labor demand. Studies on
digitalization and the impact of artificial intelligence show that technological change
does not simply reduce labor demand but redistributes it across sectors and
qualification levels, increasing the need for workers with digital, analytical, and
adaptive competencies. At the same time, according to recent research, up to 30—40%
of current job functions are potentially subject to partial automation, which leads to the
transformation rather than elimination of employment and increases the demand for
hybrid skill sets combining technical and cognitive abilities [5]. However, in the
Ukrainian context, the ability of enterprises to adopt advanced technologies remains
uneven, while the education and training system does not fully meet the rapidly
changing requirements of the labor market. As a result, a persistent skills mismatch
emerges, where available labor resources do not correspond to the needs of a
technologically transforming economy.

In addition, structural imbalances are reinforced by sectoral and institutional
factors. Demand for labor is increasingly concentrated in sectors such as logistics,
construction, and technologically advanced manufacturing, while the available
workforce is often oriented toward other segments of the economy [4]. Research also
indicates that the share of jobs requiring digital competencies is steadily increasing,
while access to reskilling and upskilling opportunities remains limited, particularly for
vulnerable population groups. This creates additional barriers to labor market
integration and reduces overall economic productivity. Consequently, the structural
imbalance of the Ukrainian labor market is determined by a complex interaction of
demographic, technological, and institutional factors, highlighting the need for
comprehensive policy responses that combine labor market regulation, human capital
development, and mechanisms for external labor supply.

Assessment of the limitations of internal labor market resources in addressing
labor shortages and skills mismatches

The capacity of internal labor market resources in Ukraine to address both
quantitative labor shortages and qualitative skills mismatches remains significantly
constrained under conditions of war and post-war recovery. Despite the presence of
available labor within the country, including internally displaced persons (IDPs),
veterans, and other vulnerable groups, their effective integration into the labor market
is limited by structural, institutional, and socio-economic barriers [1]. Internal

121



MANAGEMENT
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW
PARADIGMS

displacement has led to a spatial mismatch between labor supply and demand, as a
substantial share of the workforce is concentrated in regions with limited employment
opportunities, while economically active regions experience acute labor shortages. In
addition, access to employment is often mediated by informal social networks, which
are typically disrupted in the case of forced migration, further reducing the employment
prospects of displaced populations. These factors indicate that the availability of labor
resources does not automatically translate into their effective utilization.

Empirical data confirm the scale of these constraints among vulnerable population
groups. For instance, accordingly to the Ministry of Veterans Affairs of Ukraine, nearly
25% of veterans report experiencing discrimination or bias during job search processes,
while a significant proportion face difficulties in translating military experience into
civilian qualifications. Health-related limitations further restrict labor market
participation, as approximately 71% of veterans have physical injuries and around one-
third exhibit symptoms associated with post-traumatic stress, requiring adapted
working conditions [6]. Similarly, internally displaced persons encounter barriers
related to high housing costs, limited access to childcare services, and a mismatch
between their skills and the labor demand in host regions. These factors reduce labor
mobility and limit the potential for workforce reallocation across sectors and regions.

At the same time, research on digital transformation of the labor market indicates
that the problem is not limited to quantitative shortages but is increasingly
characterized by a qualitative mismatch between labor supply and demand. Studies
show that technological change raises the demand for digital, analytical, and adaptive
competencies, while a significant share of the existing workforce lacks these skills due
to structural gaps in the education and training system. According to recent research,
the spread of digital technologies and artificial intelligence leads to the transformation
of job functions and increases the need for hybrid skill sets combining technical and
cognitive abilities [5; 7]. However, opportunities for reskilling and upskilling remain
limited and unevenly distributed, particularly for vulnerable groups, which exacerbates
existing inequalities in access to employment.

Furthermore, the institutional environment also limits the effectiveness of internal
labor resources. As noted in studies on state policy in the digital era, the transformation
of the labor market requires coordinated public interventions aimed at supporting
workforce adaptation, including retraining programs, employment support measures,
and inclusive labor market policies [8]. In the absence of such systemic support,
businesses tend to prioritize short-term survival strategies over long-term investments
in human capital development, reducing incentives for inclusive employment practices.
As a result, vulnerable groups remain underutilized, and the labor market continues to
experience both shortages and inefficiencies.

Thus, the limitations of internal labor market resources in Ukraine are determined
by a complex interaction of demographic losses, spatial mismatches, skills gaps, and
institutional constraints. These factors significantly reduce the ability of the domestic
workforce to respond to the evolving demands of a technologically transforming
economy. Consequently, internal resources alone are insufficient to overcome the
current labor market crisis, highlighting the need for complementary mechanisms,
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including managed immigration, to ensure the alignment of labor supply with both
quantitative and qualitative labor market needs.

Substantiating the role of managed immigration and identifying key policy
factors of its effectiveness

In the absence of a coherent and well-designed migration policy, Ukraine may face
a range of socio-economic and institutional risks associated with unmanaged migration
flows. Unregulated immigration can lead to the expansion of informal employment,
increased pressure on social infrastructure, and the risk of labor market segmentation,
where migrants are concentrated in low-productivity sectors with limited social
protection [9]. In addition, insufficient integration mechanisms may contribute to social
tensions and reduce the economic contribution of migrants due to underutilization of
their skills. From an institutional perspective, weak regulatory frameworks and
administrative barriers may increase the risks of irregular migration and labor
exploitation. As highlighted in studies on labor market transformation in the digital era,
the absence of coordinated state policy in conditions of structural change can
exacerbate existing imbalances and reduce the effectiveness of economic adaptation
processes [8]. Therefore, unmanaged migration does not automatically solve labor
shortages and may generate additional structural distortions.

At the same time, the structural characteristics of the Ukrainian labor market
indicate the necessity of external labor resources as a complementary mechanism for
economic recovery. As shown earlier, internal labor reserves are limited not only
quantitatively but also qualitatively, due to skills mismatches and structural barriers
affecting vulnerable population groups [1]. In the context of technological
transformation, this problem becomes even more acute, as the demand for digital,
analytical, and adaptive competencies continues to grow, while the domestic workforce
does not fully meet these requirements. Empirical research on the impact of
digitalization and artificial intelligence confirms that technological change increases
the need for hybrid skill sets and accelerates the transformation of job functions [5; 8].
Consequently, the gap between labor demand and supply cannot be closed solely
through internal mechanisms, which substantiates the need for targeted attraction of
external human capital.

In this context, managed immigration should be considered as a strategic
instrument for aligning labor supply with the needs of a technologically evolving
economy. Unlike spontaneous migration, managed immigration allows for the selective
attraction of workers based on sectoral demand, qualification levels, and long-term
development priorities. Such an approach makes it possible to address not only
quantitative labor shortages but also qualitative mismatches by targeting specific skill
gaps in the labor market. At the same time, international experience demonstrates that
the effectiveness of migration policy depends on the integration of immigration
mechanisms with broader labor market and human capital development strategies. In
particular, the coordination of migration policy with education, training, and
employment systems increases the adaptability of the workforce and enhances the
overall efficiency of labor market functioning.
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The effectiveness of managed immigration policy is determined by a set of
interrelated institutional and policy factors. First, clear and transparent regulatory
frameworks governing entry, residence, and employment are essential for reducing the
risks of irregular migration and ensuring legal certainty for employers and workers.
Second, integration policies, including language training, access to education, and
inclusion in social infrastructure, play a critical role in facilitating the productive
participation of migrants in the economy. Third, the use of data-driven approaches
allows for continuous monitoring of labor market needs and supports evidence-based
policy adjustments. Finally, as emphasized in studies on labor market transformation,
effective state policy must combine regulatory, economic, and social instruments to
ensure the alignment of technological change with labor market development. Thus,
managed immigration becomes not only a compensatory mechanism but a systemic
element of a broader socio-technological strategy aimed at sustainable economic
recovery and long-term growth.

Conclusions

The study confirms that the Ukrainian labor market under conditions of war, post-
war recovery, and technological transformation is characterized by deep and persistent
structural imbalances. These imbalances are driven by demographic decline, large-
scale external migration, internal displacement, and institutional constraints, which
collectively reduce labor supply and distort its spatial and sectoral distribution. At the
same time, empirical evidence demonstrates the existence of a ‘“shortage paradox”,
where labor scarcity coexists with formal unemployment, indicating that the problem
is structural rather than cyclical. Technological transformation further intensifies these
imbalances by not only changing the scale of labor demand but fundamentally
restructuring its qualitative characteristics, increasing the demand for digital, adaptive,
and hybrid competencies. As a result, the Ukrainian labor market faces both
quantitative labor shortages and significant skills mismatches.

The analysis also shows that internal labor market resources are insufficient to
overcome these challenges. Although wvulnerable population groups, including
internally displaced persons, veterans, and persons with disabilities, represent a
potential labor reserve, their effective integration is constrained by structural,
institutional, and socio-economic barriers. Empirical data confirm the presence of
discrimination, health-related limitations, spatial mismatches, and restricted access to
employment and training opportunities. In addition, the education and training system
does not fully correspond to the rapidly evolving requirements of a technologically
transforming economy, which further deepens qualitative imbalances. Consequently,
the availability of labor resources does not ensure their effective utilization, and
endogenous mechanisms alone are unable to restore equilibrium in the labor market.

In this context, managed immigration is substantiated as a strategic instrument for
aligning labor supply with the needs of a technologically evolving economy. Unlike
unmanaged migration, it allows for the selective attraction of labor based on sectoral
demand, qualification levels, and long-term development priorities, thereby addressing
both quantitative shortages and qualitative mismatches. At the same time, the
effectiveness of managed immigration policy depends on a complex of institutional
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and policy factors, including transparent regulatory frameworks, effective integration
mechanisms, data-driven governance, and coordination with labor market and human
capital development policies. Therefore, managed immigration should be considered
not merely as a compensatory tool, but as an integral element of a broader socio-
technological strategy aimed at ensuring sustainable economic recovery, improving
labor market efficiency, and supporting long-term development of Ukraine.
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The modern world of work is increasingly shaped by instability. The traditional
model in which a person entered one organization, gradually advanced within it, and
remained in relatively predictable employment for many years has weakened. In its
place, more fluid forms of professional development have appeared. Contemporary
careers often cross organizational boundaries, require repeated adaptation, and place
greater responsibility on the individual rather than on the employer [5; 6]. At the same
time, the digital environment has expanded the importance of visibility, reputation, and
professional differentiation. Under such conditions, personal branding becomes an
important response to instability because it allows individuals to present themselves as
recognizable and valuable professionals regardless of whether their position, employer,
or field changes. This logic is central to the literature on the boundaryless career, the
protean career, and career adaptability.

Personal branding entered management and career discourse most visibly through
the argument that every professional must think of themselves as “a brand” [1]. Later
research developed this idea and showed that personal branding is not merely a slogan
or a marketing technique. It is a social, communicative, and strategic process through
which people shape how their professional identity is perceived by others [2; 4]. In
unstable career environments, this process becomes especially important because
employers and clients increasingly rely on visible signals of competence, consistency,
and trustworthiness when making decisions.

Personal branding may be defined as the deliberate formation and communication
of a professional identity that reflects a person’s competencies, values, experience, and
distinctive contribution [3; 4]. This definition is broader than simple self-promotion. A
true personal brand is not only what a person says about themselves, but also what
professional communities, employers, colleagues, and audiences consistently associate
with them. For that reason, a personal brand includes credibility, emotional impression,
ethical style, and the individual’s capacity to solve problems in a recognizable way [2;
4].

In conditions of career instability, the role of personal branding becomes more
significant. When a professional repeatedly changes employers, projects, or even
fields, their formal biography may appear fragmented. Personal branding helps convert
this fragmentation into a coherent story. Instead of being seen as unstable, the
individual may be understood as adaptable, interdisciplinary, and capable of growth.
This is particularly important in labor markets where employers seek not only technical
ability but also clear professional positioning. Personal branding therefore performs a
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stabilizing function in unstable environments: it creates continuity where institutions
no longer guarantee it [4; 5; 6].

At the same time, personal branding should not be reduced to image construction
detached from substance. Research on authentic personal branding emphasizes that
long-term value emerges only when public communication is grounded in real
competence, ethical consistency, and self-awareness [3]. In other words, effective
personal branding is sustainable only when it is rooted in genuine strengths rather than
artificial performance. Otherwise, it becomes fragile and may collapse under the
pressures of uncertainty.

The spread of personal branding is directly connected with structural changes in
employment. The literature links its rise to temporary employment systems, project-
based work, digital communication environments, and the transfer of career
responsibility from organizations to individuals [4]. The concept of the boundaryless
career describes professional movement that transcends one employer or one
organizational structure [5]. The protean career extends this logic further by
emphasizing that career management becomes self-directed and guided by personal
values rather than organizational rules [6]. These ideas explain why personal branding
is becoming increasingly important in unstable professional contexts.

Career instability may take many forms. It may include layoffs, temporary
contracts, weak internal promotion systems, rapid skill obsolescence, professional
reorientation, or hybrid work identities that combine salaried work with independent
projects. In such conditions, employability depends not only on formal qualifications
but also on how clearly a person communicates relevance. A visible and coherent
professional identity helps reduce uncertainty for others. It allows employers, clients,
and collaborators to understand what a person stands for and what they can reliably
contribute [4; 7].

Table 1.
Connection between labor market uncertainty and personal branding

Dimension of | Manifestation in professional life Function of personal branding
uncertainty
Economic instability | layoffs, reduced hiring, short-term | supports visibility and access
contracts to alternative opportunities
Technological rapid skill obsolescence, reskilling | signals relevance, flexibility,
change pressure and learning ability
Organizational role ambiguity, downsizing, unstable | preserves identity beyond a
restructuring promotion single employer

Project and freelance
work

irregular income, temporary teams,
repeated entry into new networks

builds trust across short-term
collaborations

Digital competition

information  overload and  weak

differentiation

clarifies value and strengthens
recognizability

This table shows that personal branding is not simply a communication trend. It
acts as a response to structural insecurity. It cannot eliminate labor market risk, but it
can reduce professional vulnerability by strengthening recognition and trust [4; 5; 6].
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A strong personal brand in unstable career conditions is built on several
interconnected dimensions. The first is professional clarity. A person should be able to
explain what they do, what value they create, and what differentiates them from others.
Without clarity, even a highly qualified professional may remain invisible or
misunderstood. The second dimension is credibility. Reputation depends on evidence
of competence, real achievements, recommendations, and consistent ethical behavior.
In uncertain contexts, credibility becomes especially important because decisions are
often made with limited information [2; 3; 4].

The third dimension is adaptability. Career instability requires the ability to evolve
without losing one’s core identity. This point connects personal branding with the
theory of career adaptability, which describes readiness to cope with both predictable
career tasks and unpredictable changes in work conditions [7]. The fourth dimension
1s visibility. Competence that is not visible is less likely to create opportunities. Yet
visibility should not mean constant self-advertising. It should mean meaningful
participation in professional dialogue, publication of useful ideas, professional
contribution, and reputation-building through substance. Finally, consistency is crucial
[3;4; 7].

Table 2.
Main elements of a resilient personal brand
Component Meaning Career effect under instability
Professional clear articulation of expertise | reduces  ambiguity = and  improves
clarity and contribution positioning
Credibility evidence-based trust, | increases employability and confidence of
competence, reliability others
Adaptability ability to reposition while | supports transitions and reskilling
preserving core identity
Visibility presence in  relevant | expands networks and opportunity access
professional spaces
Consistency alignment of message, values, | creates long-term reputational stability
and behavior

Thus, a resilient personal brand combines inner self-understanding with outward
communication. It is both reflective and strategic. It helps the individual understand
who they are professionally, and it helps others understand why that identity matters
[3; 4; 6].

Career resilience is usually understood as the capacity to sustain professional
development despite disruption, transition, and uncertainty. Personal branding
contributes to such resilience in several ways. First, it gives a person narrative
continuity. Even when job roles change, a coherent brand enables the person to explain
that movement as purposeful development rather than instability. Second, it improves
access to opportunities because professionals who are visible and clearly positioned
are easier to remember and recommend. Third, it strengthens network-based career
mobility, which is increasingly important in non-linear careers [4; 5; 6].
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The theory of the protean career is especially relevant here. It argues that in modern
work life, the individual rather than the organization must take responsibility for career
direction, while success is defined not only objectively but also psychologically and
value-wise [6]. Personal branding fits this logic because it is an instrument of self-
directed career management. Likewise, the theory of career adaptability highlights
readiness to manage changing professional tasks and unexpected transitions [7]. A
strong personal brand supports that readiness by making the person’s identity more
transferable across settings.

Although personal branding has important advantages, it also contains risks. One
of the main concerns is commodification of the self. Scholars have noted that personal
branding may encourage individuals to treat their personality and identity as market
products, which can create pressure, emotional strain, and the blurring of boundaries
between personal and professional life [2; 4]. Another problem is the temptation to
privilege image over substance. In highly competitive digital environments, strong
presentation may sometimes overshadow actual competence. This creates ethical and
professional dangers because short-term visibility can be achieved without long-term
credibility.

There is also the risk of excessive rigidity. If a person defines their brand too
narrowly, they may later struggle to reposition themselves when professional
circumstances change. For this reason, a sustainable personal brand should be specific
enough to be memorable, but flexible enough to remain relevant across changing
contexts. Authenticity is therefore not a decorative quality but a practical necessity. It
allows the brand to develop without becoming artificial or internally contradictory [3;
4].

Personal branding in conditions of uncertainty and career instability should be
understood as an important mechanism of professional adaptation. It helps individuals
preserve continuity when institutions become unstable, communicate value in
competitive environments, and strengthen trust across changing roles and contexts. The
contemporary career increasingly requires self-direction, adaptability, and visibility,
and personal branding integrates these demands into a single strategic practice [4; 5; 6;
71.

At the same time, personal branding is most effective when it is based on
competence, evidence, and authenticity rather than superficial promotion. A strong
personal brand does not replace professional development, but it makes that
development legible to others. For this reason, in a labor market characterized by
uncertainty, instability, and repeated transition, personal branding becomes not an
optional addition to career building, but one of its central conditions [1; 3; 4].
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Abstract

Pharmaceuticals is currently one of the most promising markets undergoing digital
transformation. Faced with new challenges, companies are forced to focus on customer
focus, rapidly changing their approaches to interacting with consumers, doctors, and
pharmacists. In the digital era, digital channels have become the foundation of
marketing communications: many pharmaceutical companies are already developing
or planning to do so, but transitioning to digital communications and maintaining high
efficiency in a historically conservative industry is a complex task requiring a
comprehensive approach. In this article the concept of pharmacy 4.0 is observed as the
main concept of digitalization of pharmacy activities and how it can be implemented
in the operations of hospital pharmacy.

Keywords: Healthcare management, financial system of healthcare, healthcare in
Kazakhstan, financing of healthcare

Currently, the focus of healthcare reform is shifting to the regional level. Given
limited financial resources, timely and reliable information and the availability of tools
for analyzing it play a key role in ensuring the appropriateness and adequacy of
measures taken by regional healthcare administrations. Large volumes of information,
the heterogeneity of data requiring analysis, and the need for rapid decision-making all
require the use of information technology in healthcare management systems.

Information technology is firmly entrenched in the pharmaceutical industry,
primarily in the areas of information exchange, drug barcoding, management
accounting, statistical data processing, and the creation of web platforms to support the
improvement of pharmaceutical services and the discussion of public health initiatives.
Information systems also automate management and logistics processes and have a
significant impact on the financial aspects of pharmaceutical companies.

At the end of the 21st century, the pharmaceutical industry is entering a new stage
of informatization, which is shaping around the digital transformation of the entire
healthcare system, i1.e., The integration of digital technologies into all areas of the
pharmaceutical industry is radically changing the nature of business processes and
interactions with clients and consumers. Intelligent manufacturing systems based on
Industrial Internet of Things (IoT) technologies allow pharmaceutical companies to
collect and analyze large volumes of production data, enabling predictive maintenance
and reducing equipment downtime [1]. Thus, digitalization in the pharmaceutical
industry offers ways to rethink the existing business model, improve production
processes, and enhance the industry's ability to respond to the challenges currently
shaping reality.
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In recent years, digital transformation has become one of the key strategic priorities
for pharmaceutical companies worldwide. First and foremost, this concerns "virtual
communication" between pharmaceutical companies and clients, an aspect that has
received additional impetus today thanks to the fundamentally new level of
development of information technology. This fact prompts close attention to current
digitalization trends in the global pharmaceutical industry, as these processes are
directly linked to the future of this sector [2].

Digital communication channels such as telemedicine platforms, mobile health
applications, and electronic prescription systems are increasingly becoming integral
elements of healthcare systems. These technologies enable pharmaceutical companies
and healthcare providers to interact with patients more efficiently and improve access
to medical services [3].

The digital transformation of the pharmaceutical industry is particularly important
for Kazakhstan, which must actively respond to digitalization advances and pay
attention to the potential for implementing the latest advances in practice, as its future
competitiveness and effectiveness depend on this. Kazakhstan has been actively
implementing digital technologies in healthcare, including electronic medical records,
telemedicine platforms, and unified medical information systems designed to improve
healthcare management and patient access to services.

First, it's worth paying attention to the "Pharma 4.0" concept. It enables the use of
highly efficient automated processes that can be continuous, batch, or hybrid, managed
using an integrated production management strategy.

This strategy involves two areas of integration:

e vertical integration: from the production base to production management
systems and enterprise resource planning, which will facilitate real-time decision-
making based on current data;

e horizontal integration of laboratory systems into production processes,
equipment, and systems, enabling forward and reverse control.

The key elements of the Pharma 4.0 concept that are the focus are:

— Resources, which include the organization's workforce (human resources),
machinery and equipment, tools, materials, and the final product. Resource
management in this concept is aimed at increasing the efficiency of their use by
adapting them to mass production conditions, which is based on "intelligent
equipment" operating on the "plug and produce" principle. Such equipment reduces the
likelihood of employee error, eliminates the irrational use of materials and substances,
reduces the level of consumption of energy, fuel, spare parts, etc.;

— Information systems in this concept are viewed as socio-technical systems in
which information is presented based on economic criteria by both people and
information and communication technologies. They prepare, process, store, and
transmit data and information, and are the basis for integrating all supporting computer
systems in Pharma 4.0. Information systems include data transfer interfaces, process
automation to support continuous process verification (CPV), and technologies for
monitoring and forecasting the production process in real time.
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— In the Pharma 4.0 concept, structure is viewed from the perspective of a
company's internal organization and as a critical element of value creation. The
"organizational structure" also establishes mandatory rules that facilitate collaboration
both within and outside the organization. In the pharmaceutical industry, which is
based on regulatory compliance, a coherent organizational structure ensures an
adequate level of control over company activities and is a key element in business
process management. Automation of these processes should lead to a reduction in
decision-making chains, which is expected to result in increased efficiency in processes
occurring along the value chain.

— Culture encompasses the company's value system and describes the core
elements of business processes, signifying a "culture of automation and paperless
management" across all aspects of pharmaceutical production. A modern production
culture is based on the fact that it's not employees that are controlled, but rather core
business processes; each business unit is responsible for implementing the company's
overall strategy; and the continuous efforts of business units to improve their operations
are supported [4].

The Pharma 4.0 concept has a positive impact on various aspects of the
pharmaceutical industry.

First, increased productivity. Process automation will lead to increased
productivity and reduced downtime. Thanks to new technologies, systems can predict
any potential problems and unexpected disruptions. Real-time data will provide
important visibility and optimize supply chain processes.

Second, improved quality. Real-time monitoring will enable continuous
monitoring, which will reduce errors and, consequently, improve the final product.
This will also impact inventory availability and enable optimal distribution planning.
Furthermore, real-time monitoring eliminates the possibility of counterfeit or
substandard products reaching the end consumer. Digital quality control systems also
improve transparency and traceability throughout the pharmaceutical supply chain,
which is particularly important in preventing counterfeit medicines and ensuring
patient safety.

Third, business development. The ability to track data in real time facilitates
improved business control, providing information on where to invest or improve.
Industry 4.0 facilitates easier and smoother integration of management and tracking
systems, but at the same time, it will be highly effective in improving production results
at all levels. As a result, businesses will be able to increase profitability, improve
competitiveness, and prepare for new horizons [5].

Today, these digitalization trends are already being actively utilized by global
pharmaceutical industry leaders, who are "going into isolation." This will pose
challenges for countries that have missed the boat on digitalization and are guided
solely by outdated information technologies and management concepts. Based on the
reviews, it can be concluded that these technologies need to be implemented in the
development, management, and production of medicines in Kazakhstan.
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The current situation stems from the fact that neither Russian manufacturers nor
the authorities responsible for pharmaceutical development have fully recognized that
digitalization is the foundation that determines the industry's future, despite the fact
that without this understanding, Russian pharmaceuticals are doomed to stagnation.
Therefore, it is crucial to develop a state program for the digitalization of the
pharmaceutical industry. This program should not be merely a declarative document,
but should define the sequence of the industry's digital transformation, its specific
directions, and resource support for this area of pharmaceutical industry development.

Digital transformation is becoming a fundamental factor in the future development
of the pharmaceutical industry. Technologies associated with Pharma 4.0 enable
pharmaceutical companies to improve production efficiency, enhance product quality,
optimize supply chains, and develop more patient-centered healthcare services.

For Kazakhstan, the successful implementation of digital technologies in
pharmaceutical manufacturing and healthcare management is essential for increasing
the competitiveness of the national pharmaceutical industry. Government support,
strategic investments, and the development of a comprehensive digitalization program
will play a crucial role in achieving this goal.

A national strategy for the digital transformation of the pharmaceutical sector
should include clear priorities, technological infrastructure development, and strong
collaboration between government institutions, pharmaceutical companies, and
research organizations. Only through such coordinated efforts can the pharmaceutical
industry fully realize the potential of digital technologies and contribute to the
sustainable development of the healthcare system.

For the successful operation of automated systems at the regional level, it is
important not only to allocate funding, but also to have detailed plans for the
development of information infrastructure, and to adopt and adhere to regulations that
clearly define the operating principles and responsibilities of system participants. With
extensive experience implementing automated systems in the regions, our company
provides templates of regulatory documents for system end users, as well as templates
of Ministry of Health orders required for automation work in the region. Another
important component of successful software implementation at the regional level is the
establishment of industry training centers in Kazakhstan, which provide training and
retraining for industry personnel to implement targeted programs. As a result, all
participants in the process of providing the population with medical supplies gain an
understanding of the goals and objectives of information technology, increasing their
ability to efficiently and effectively use the proposed automation tools. In summary,
we can confidently say that the implementation of the integrated automation concept
provides healthcare management, including hospital pharmacies, with a
comprehensive tool for managing the provision of medications to the region's
population, trained personnel, IT infrastructure, and operational technology that allows
for the prompt introduction of changes to existing and the implementation of new
industry-specific social guarantee programs.
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VY cywyacHuX ymoBax (YHKI[IOHYBAHHS MIJINPUEMCTB CTpPATEriuHe IJIaHYBaHHS
IHHOBAl[IMHOTO PO3BUTKY Ha0yBae OCOOJMBOrO 3HAYEHHS, OCKUIBKA CaMe€ BOHO
3a0e3neuye y3rOKEHHsS JOBIOCTPOKOBHUX IIUJIEW MIAOPUEMCTBA 3 MOTPeOOIO
TEXHOJIOTIYHOTO OHOBJICHHS, MBUILICHHS KOHKYPEHTOCIPOMOXKHOCTI Ta aJanTarlii 10
3MIH 30BHIIIHLOTO cepenoBuina. J{ns OUIBIIOCTI MOIANPUEMCTB 1HHOBAI[IMHUM
PO3BUTOK YK€ HE MOXE pO3NIAJaTUCA SIK CYKYNHICTb OKpPEMHUX pillleHb abo
KOPOTKOCTPOKOBHMX 3aXO[iB, a MOTpedye CUCTEMHOrO MIAXOAY, y MeXaxX SKOro
IHHOBAllli CTalOTh CKJIAJ0BOIO0 3arajbHOI CTpaTerii po3BUTKY. Y LbOMY KOHTEKCTI
CTpaTeriyHe IIJIaHyBaHHS BUCTYMA€ BAXJIMBUM 1HCTPyMEHTOM (OpMyBaHHS
IHHOBAIIWHUX MPIOPUTETIB, KOHIIEHTpAIIIl pecypciB Ha MEPCINEKTUBHUX HampsiMax Ta
3a0€e3MeueHHs CTIMKOTO €KOHOMIYHOTO 3pOCTaHHS MiAMPUEMCTBA.

AKTyanbHICTh JaHOI NpOOJEMATUKH TOCHIIOETbCS B YMOBax LHUQPPOBOI
TpaHcpopmallii eKOHOMIKH, KOJIU 1H(GOpPMaLIMHO-KOMYHIKAI[IHI TEXHOJIOTIl Jeaani
AKTUBHIILIE 1HTErPYIOThCA B CHCTEMY IHHOBAI[IHHOTO MEHEKMEHTY. Y Cy4acHOMY
PO3YMIHHI 1HHOBAIlIS OXOIUIIOE HE JIUILE CTBOPEHHSI HOBOTO MPOAYKTY UM TEXHOJOTTII,
a 1 ynpoBa/pKEHHs] HOBUX METOAIB OpraHizailii, ynpapJiHHsA, KOMYHIKaIli Ta 00poOKu
iH(popmarii. Came Tomy IKT noiinbHO po3misiAaT HE SIK TONOMIXKHHUM 1IHCTPYMEHT, a
AK OJJMH 13 KJIFOYOBUX YMHHHUKIB IHHOBALIMHOTO PO3BUTKY MiANpUeMcTBa. [3].

Tomy BaxnuBUM € OOIPYHTYBaHHS 3HAU€HHS CTPAaTEriyHOIO IUIAHYBaHHS B
3a0e3MeueHHI 1HHOBAIIMHOTO PO3BUTKY MIAMPUEMCTBA Ta BU3HAYECHHS HOTO POl IS
€KOHOMIYHOTO OIIIHIOBaHHS 1H()OPMAIIIITHO-KOMYHIKAIIMHUX TeXHOJor1i. CTpareriyae
IUTAaHYBaHHS CTBOPIOE OCHOBY i Takoro oiiHioBaHHs IKT, ockinbku mo3Bossie
BHU3HAUATH iX JOUUIBHICTh HE JIUIIE 32 ()IHAHCOBUMH KPHUTEPISIMHU, a 1 3a CTyleHEM
BIJIMOBITHOCTI CTPATETiYHUM IIUISIM MAMPUEMCTBA Ta IXHIM BHECKOM y (OpMyBaHHS
MOT0 1IHHOBAIITHOTO PO3BUTKY.

CrpareriuHe 1mjiaHyBaHHSI 1IHHOBALIITHOTO PO3BUTKY JAOLLIBLHO MOYMHATH 3 aHAMI3y
BHYTPIIIHHOTO Ta 30BHIIIHBOTO cepefoBHINa mianpuemMcTa. Ha upomy erari
HEOOXI/IHO OIIIHUTH HasBHUN 1HHOBAILIMHUIN TMOTEHINad, PIBEHb TEXHOJIOTTYHOTO
3a0e3MeueHHs, KaJpOoBl MOXKIIMBOCTI, (P1IHAHCOBI PECYPCH, a TAKOX 30BHIIIHI 3arpO3U i
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MO>KJIMBOCTI, 1[0 BIUITMBAIOTh Ha MEPCIEKTUBH pOo3BUTKY. CaMe Taka J1arHOCTHKA Ja€
3MOTYy BCTAaHOBUTH, SIKI HaIllpsSMH 1HHOBAIIMHOI M1SUTBHOCTI € HaWOUIbII JOIIIEHUMHU
U1 miAnpueMcTBa, Ta chOpMyBaTH IMIATPYHTS JJii  OOIPyHTOBAHOTO BHOOPY
CTpaTeriuyHUX OPIEHTUPIB. be3 momepenHhOro aHAIITHYHOTO eTaly I1HHOBalliiHa
CTpaTerisi PpU3MKYE BTPATUTU 3B ’A30K 13 pEATbHUMH yMOBaMH (DyHKIIOHYBaHHS
HiIPUEMCTBA Ta MEPETBOPUTHCS Ha (pOpMaTbHUN JOKYMEHT.

HactynHum erarnoM € BU3HAUEHHS CTpaTeTiuHMX MPIOPUTETIB 1HHOBAIIHHOIO
PO3BHTKY TIimpueMcTBa. MneTsbes mpo Bubip THX HaNpsAMiB iHHOBAIiHHOI MisITBHOCT,
K1 HAHOUIBIIIOI0 MIPOIO BIAMOBINAIOTH MICIi MiAMPUEMCTBA, HOTO JOBrOCTPOKOBUM
IIIJIIM 1 PUHKOBIH MO3MIIii. Y MeXaxX Takoro MiXxoay 0COOJMBOTO 3HA4YCHHS HaOyBae
y3TO/KEHHS IHHOBAIIIMHUX I[UJIeH 13 3arajibHOI0 CTPATETIEr0 MiAMPUEMCTBA, OCKUIBKH
JUIIe 32 1l€i yMOBM 1HHOBalli MOXYTh 3a0€3ME€UYUTH HE CUTYaTUBHHM, a
goBroTpuBaiuidi edekT. BogHowac cTpareriuyHe MIaHYBaHHS J03BOJSIE BU3HAYUTH
MPIOPUTETHICTh IHBECTULIM B 1HHOBALIKHI MIPOEKTH, Y TOMY YKCIl B 1H(OpMaIiiiHO-
KOMYHIKaIlli{H1 TEXHOJIOTI, sIKi 37aTHI 3a0€3MeUnTH MOJEepPHI3aIli0 Oi3HEC-TPOIIECiB,
MIBUILIEHHS SKOCTI YNPABIIHCHKUX PIIIEHb 1 MPUCKOPEHHS 1HPOPMAIIHHUX MOTOKIB
[3].

BaxxnnBoro CKIJIaOBOIO CTPATETiUyHOIO IUJIAHYBAHHS 1HHOBAIIMHOTO PO3BUTKY €
C€KOHOMIYHE OI[IHIOBaHHS 1HHOBAIlIMHUX pIlIeHb. Y CY4YaCHUX YMOBax Take
OI[IHIOBaHHSI HE MOBHUHHO OOMEKYBATHCS JIUIIE PO3PAXyHKOM MPAMHUX (DIHAHCOBHUX
pe3yabTaTiB, OCKUIBKM 3HayHa 4acTuHa edextiB Bifg ynpoBamkeHHs IKT wmae
OMOCEPEKOBAHUI XapakTep. 30KpeMa, BUKOPHUCTAHHS LHU(PPOBHX PIIMIEHb MOXE
COPUATH MIJBUILIEHHIO THYYKOCTI MIANPUEMCTBA, MOKPALIEHHIO KOOPAMHALII MIX
M1IPO3UIaMHU, 3pOCTaHHIO MPO30POCTI YIPABIIHCHKUX MPOLECIB, CKOPOUCHHIO Yacy
00poOKu 1H(pOpMAIlil Ta CTBOPEHHIO MEPEAYMOB JJIsl TMOAAJBIINX OpraHi3aliiHuX 1
MPOAYKTOBHX I1HHOBaliid. Came TOMy B CHCTEMI IHHOBALIMHOTO MEHEIXMEHTY
JOLIJIBHO BpaxoByBaTH sIK (DIHAHCOBI, Tak 1 HE(IHAHCOBI pe3yabTaTH peanizallii
1HHOBAIIHOT CTparTerii.

OxkpeMoi yBaru 3acilyrOBy€ MHUTAaHHA THYYKOCTI CTPAaTETidYHOrO TIJIaHyBaHHS.
[HHOBaIlIliHE CepeoBUINE XAPAKTEPUYETHCS BUCOKOI JAUMHAMIYHICTIO, TOMY
MIAIPUEMCTBO TOBHHHO HE Juiie (HOpMyBaTH JOBTOCTPOKOBI OpIEHTHpU, a U
MEepPIOUYHO TEPEerIsiAaTh iX 3aJIeKHO BIJ 3MIH PUHKY, TEXHOJOTIYHUX TPEHIIB 1
BHYTPIIIHIX PECYpPCHUX MOXKJIMBOCTEU. Y I[bOMY aCIEKTI CTpaTeriyHe TUIaHyBaHHS
1HHOBAIIITHOTO PO3BUTKY Mae€ MOEHYBAaTH CTA0IBHICTh 3arajbHOTO HAMPSIMY PyXy 3
aJanNTUBHICTIO KOHKPETHUX MeXaHI3MIB peamizamii. Takuii migxia J03BOJISE
3a0e3reunuT  O€3MEepepBHICTh  IHHOBAIIIMHOI  AISUTBHOCTI  Ta  MIJBUIIUTH
OOTPYHTOBAHICTh YNPABIIHCHKUX pIIIEHb MO0 BHOOPY, YIOPOBAKEHHS Ta
orintoBanHs IKT [2].

TakuM 4YMHOM, CTpaTeriyHe MIaHyBaHHS IHHOBALIMHOIO PO3BUTKY MiANPUEMCTBA €
CHUCTEMHOIO OCHOBOIO €(DEKTUBHOTO 1HHOBAIIMHOTO MEHEKMEHTY. BoHO 3a6e3neqye
MOCJIITOBHUM Nepexij Bif aHamsy CepelloBHUIIA Ta BU3HAUYCHHS CTPATETIYHUX IIIIEH 110
Bm6opy IHHOBAIIIHHUX TIPIOPUTETIB, YIPOBAIKEHHS BIJIMOBITHUX  pIIIEHb 1
OLIIHIOBaHHS iX pEe3yJAbTATUBHOCTI. Y KOHTEKCTI EKOHOMIYHOTO OIlIHIOBAaHHS
1H(MOpMaIIIITHO-KOMYHIKAIIIHHAX TEXHOJOTIA CTpaTeriyHe IUTAaHYBAaHHS A€ 3MOTY
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postagatu IKT ne nuie sk okpemuii exeMeHT nudposizallii, a sk BaxJIUBHUNA (PakTop
MIIBUINCHHS  IHHOBAIMHOI  CIPOMOXKHOCTI,  KOHKYPEHTOCIPOMOXHOCTI  Ta
JIOBIOCTPOKOBOI CTIMKOCT1 MIIPUEMCTBA.
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Abstract. Polycystic ovary syndrome (PCOS) is one of the most prevalent
endocrine disorders affecting women of reproductive age, characterized by
hyperandrogenism, ovulatory  dysfunction, and metabolic  disturbances.
Dermatological manifestations represent some of the earliest and most visible clinical
features of the syndrome, often serving as key indicators for initial diagnosis. The
spectrum of cutaneous findings is primarily driven by androgen excess and insulin
resistance, which contribute to alterations in pilosebaceous unit activity, keratinization,
and dermal metabolism.

The most frequently observed dermatological manifestations include hirsutism,
acne vulgaris, androgenetic alopecia, and acanthosis nigricans, with reported
prevalence rates varying widely across populations. Acne has been documented in up
to approximately 40—70% of patients, while hirsutism affects more than half of women
with PCOS, reflecting the central role of hyperandrogenism in disease expression .
Additional cutaneous features such as seborrhea, skin tags, and hyperpigmentation
further highlight the metabolic component of the syndrome, particularly its association
with insulin resistance . These dermatological signs are not merely cosmetic concerns
but are closely linked to underlying endocrine and metabolic dysregulation, including
elevated androgen levels, altered gonadotropin secretion, and impaired insulin
signaling. Importantly, they often precede reproductive symptoms, positioning
dermatological evaluation as a critical entry point for early detection and risk
stratification of PCOS.
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Beyond their diagnostic relevance, cutaneous manifestations significantly impact
patients’ psychological well-being and quality of life, contributing to increased rates
of anxiety, depression, and reduced self-esteem. A multidisciplinary approach
integrating dermatological, endocrinological, and gynecological expertise is therefore
essential for comprehensive management. Early recognition and targeted intervention
may not only improve dermatological outcomes but also mitigate long-term metabolic
and reproductive complications associated with PCOS.

Keywords: polycystic ovary syndrome; dermatological manifestations;
hyperandrogenism; insulin resistance; hirsutism;, acne vulgaris, androgenetic
alopecia, acanthosis nigricans, seborrhea,; metabolic syndrome.

Introduction. Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine—
metabolic disorder affecting approximately 8—-13% of women of reproductive age
worldwide, with prevalence varying according to diagnostic criteria and population
characteristics [1,2]. According to the widely adopted Rotterdam criteria, the diagnosis
is established in the presence of at least two of the following: clinical and/or
biochemical hyperandrogenism, oligo-anovulation, and polycystic ovarian
morphology on ultrasound [3]. Although reproductive dysfunction remains a central
component of the syndrome, increasing attention has been directed toward its systemic
nature, encompassing metabolic, cardiovascular, and dermatological domains [4].

Cutaneous manifestations are among the most visible and often earliest clinical
indicators of PCOS, frequently prompting patients to seek medical attention prior to
the recognition of underlying endocrine abnormalities [5]. The pathophysiological
basis of these manifestations is closely linked to androgen excess and insulin
resistance, both of which play a pivotal role in the dysregulation of the pilosebaceous
unit. Elevated circulating androgens, particularly testosterone and dihydrotestosterone,
stimulate sebaceous gland activity and alter follicular keratinization, contributing to
the development of acne, seborrhea, and androgen-dependent hair disorders [6]. In
parallel, hyperinsulinemia enhances ovarian androgen production and reduces sex
hormone-binding globulin levels, thereby increasing free androgen fractions and
amplifying cutaneous symptoms [7].

The most common dermatological features of PCOS include hirsutism, acne
vulgaris, androgenetic alopecia, and acanthosis nigricans. Hirsutism, defined as
excessive terminal hair growth in androgen-sensitive areas, affects up to 60-80% of
affected women and remains the most reliable clinical marker of hyperandrogenism
[5,6]. Acne is observed in a substantial proportion of patients and may persist beyond
adolescence, often demonstrating resistance to conventional therapies [7].
Androgenetic alopecia and acanthosis nigricans, the latter reflecting underlying insulin
resistance, further wunderscore the complex endocrine—metabolic interplay
characteristic of the syndrome [8].

Importantly, dermatological manifestations extend beyond their diagnostic value,
as they are closely associated with disease severity, metabolic risk, and psychosocial
burden. Several studies have demonstrated a correlation between the intensity of
cutaneous symptoms and the degree of hyperandrogenemia and insulin resistance,
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suggesting their potential role as clinical markers of systemic involvement [6—8].
Moreover, visible skin changes significantly impair quality of life, contributing to
increased rates of anxiety, depression, and social distress among affected women [4,5].

Given their accessibility to clinical examination and their potential to precede
reproductive and metabolic complications, cutaneous signs represent a critical
component in the early identification and comprehensive assessment of PCOS. A
deeper understanding of their pathogenesis and clinical significance is essential for
optimizing diagnostic algorithms and developing integrated therapeutic strategies
targeting both dermatological and systemic aspects of the disorder [1-8].

Materials and Methods. A structured literature review was conducted using
PubMed, Scopus, Web of Science, and the Cochrane Library for publications from
2015 to 2025. The search incorporated MeSH terms and keywords including
“polycystic ovary syndrome,” “PCOS,” “dermatological manifestations,” “hirsutism,”
“acne,” “androgenetic alopecia,” and “acanthosis nigricans,” combined using Boolean
operators.

Eligible studies included original articles, systematic reviews, and meta-analyses
in English involving women of reproductive age diagnosed with PCOS according to
established criteria (Rotterdam, NIH, AE-PCOS). Case reports, abstracts without full
text, and studies lacking methodological clarity were excluded.

Study selection was performed through title/abstract screening followed by full-
text assessment. Data extraction focused on study characteristics, prevalence and types
of cutaneous manifestations, and their associations with hormonal and metabolic
parameters. The synthesis was qualitative with descriptive analysis of consistent
clinical patterns.

Results. Analysis of the selected studies confirms that dermatological
manifestations constitute a central and highly prevalent component of the clinical
phenotype of polycystic ovary syndrome, reflecting the combined effects of
hyperandrogenism, insulin resistance, and altered peripheral androgen metabolism.
Across heterogeneous populations evaluated between 2015 and 2025, the overall
burden of cutaneous involvement remained consistently high, although prevalence
estimates varied due to differences in diagnostic frameworks, ethnic composition, age
distribution, and body mass index [9—11]. Despite this variability, a reproducible
pattern of dermatological findings was observed, with hirsutism, acne vulgaris,
androgenetic alopecia, seborrhea, acanthosis nigricans, and acrochordons representing
the most characteristic manifestations [9—13].

Hirsutism emerged as the most prevalent and diagnostically robust cutaneous
feature of PCOS, reported in approximately 59—78% of affected women [9-12]. Its
clinical assessment was most commonly performed using the modified Ferriman—
Gallwey scoring system, which demonstrated a consistent correlation with biochemical
indices of hyperandrogenism, including elevated total testosterone, increased free
androgen index, and reduced concentrations of sex hormone-binding globulin [14,15].
The distribution of terminal hair growth followed androgen-sensitive patterns,
typically involving the upper lip, chin, chest, linea alba, and inner thighs. Notably,
several studies highlighted ethnic variability in hair growth patterns and scoring
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thresholds, which may influence both diagnosis and prevalence estimates [10,15].
Importantly, hirsutism showed the strongest association with biochemical
hyperandrogenism among all dermatological signs, reinforcing its role as a key clinical
marker in diagnostic algorithms [15,16].

Acne vulgaris was identified in 48—75% of women with PCOS, with a tendency
toward persistence beyond adolescence and reduced responsiveness to standard
dermatological therapies [11,12,17]. In contrast to physiological acne, lesions in PCOS
were more frequently inflammatory, involving the lower face, jawline, and neck, and
often associated with seborrhea. Pathophysiologically, androgen excess promotes
sebaceous gland hypertrophy and increased sebum production, while follicular
hyperkeratinization contributes to comedone formation [18]. In parallel, insulin
resistance exacerbates hyperandrogenism through hyperinsulinemia-induced ovarian
androgen production and suppression of sex hormone-binding globulin, thereby
increasing circulating free androgens [18,19]. Clinical data indicate that acne severity
correlates only moderately with serum androgen levels, suggesting that local factors,
including androgen receptor sensitivity and intracrine metabolism within the
pilosebaceous unit, also play a significant role [17,18].

Androgenetic alopecia was reported in approximately 20-43% of patients, with
considerable variation depending on cohort characteristics and diagnostic criteria
[11,12,20]. The clinical pattern typically involved diffuse thinning over the frontal and
vertex scalp, corresponding to Ludwig or Sinclair classifications. Unlike hirsutism,
androgenetic alopecia demonstrated a weaker and less consistent association with
circulating androgen levels, indicating the importance of follicular sensitivity to
dihydrotestosterone and local enzymatic activity, particularly Sa-reductase expression
[16,20]. Several studies emphasized that alopecia may occur in normoandrogenic
PCOS phenotypes, supporting the concept that peripheral androgen metabolism and
receptor polymorphisms contribute significantly to its pathogenesis [20].

Acanthosis nigricans was identified in approximately 20-35% of women with
PCOS and showed a strong association with insulin resistance, obesity, and metabolic
syndrome components [12,19,21]. Clinically, it presented as hyperpigmented, velvety
plaques localized predominantly in intertriginous areas, including the neck, axillae, and
inframammary regions. Its presence was consistently linked to elevated fasting insulin
levels, impaired glucose tolerance, and increased waist circumference [19-21]. In
several cohorts, acanthosis nigricans was more prevalent in patients with higher body
mass index and those classified within metabolically severe PCOS phenotypes,
including HAIR-AN syndrome. These findings underscore its value as a readily
identifiable clinical marker of metabolic dysfunction requiring further
endocrinological evaluation.

Acrochordons (skin tags) were less frequently reported but demonstrated a similar
association with hyperinsulinemia and insulin resistance, often coexisting with
acanthosis nigricans [19,21]. Although not specific to PCOS, their presence in young
women, particularly in combination with other cutaneous signs, may indicate
underlying metabolic dysregulation.
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Seborrhea was commonly described as an accompanying feature, reflecting
increased sebaceous gland activity driven by androgen excess [13,18]. While rarely
assessed as an isolated endpoint, it was frequently noted in conjunction with acne and
contributed to the overall dermatological phenotype.

Collectively, the analyzed data indicate that dermatological manifestations in
PCOS form an integrated clinical spectrum rather than isolated findings. Hirsutism and
acne predominantly reflect androgen-dependent alterations of the pilosebaceous unit,
whereas acanthosis nigricans and acrochordons are closely linked to insulin resistance
and metabolic imbalance. Androgenetic alopecia represents an intermediate phenotype
influenced by both systemic androgen levels and local follicular sensitivity.
Importantly, several studies demonstrated that the severity and combination of these
manifestations correlate with the degree of endocrine and metabolic disturbance,
suggesting their utility not only in diagnosis but also in phenotypic stratification and
risk assessment [9-21].

Furthermore, emerging evidence indicates that dermatological manifestations often
precede overt reproductive symptoms, particularly in adolescents and young women,
highlighting their role as early clinical indicators of PCOS [11,17]. Their recognition
in dermatological or primary care settings may therefore facilitate earlier diagnosis and
timely intervention, potentially reducing the long-term burden of metabolic and
reproductive complications associated with the syndrome.

Discussion. The findings of this review indicate that dermatological manifestations
of PCOS should be interpreted not as secondary cosmetic complaints, but as clinically
meaningful external markers of a systemic endocrine—metabolic disorder. Hirsutism,
acne, androgenetic alopecia, acanthosis nigricans, seborrhea, and acrochordons reflect
different pathogenic axes of PCOS, primarily hyperandrogenism, insulin resistance,
peripheral androgen metabolism, and chronic low-grade inflammation [9-13]. This
explains why the skin phenotype in PCOS is heterogeneous: some patients present
predominantly with androgen-dependent signs, while others demonstrate cutaneous
markers of metabolic dysfunction despite less pronounced biochemical
hyperandrogenism [14-16].

Hirsutism remains the most diagnostically informative dermatological
manifestation because it is more consistently associated with biochemical
hyperandrogenism than acne or alopecia [14-16]. Its clinical significance is
strengthened by the fact that excessive terminal hair growth often persists over time
and is less influenced by transient environmental or age-related factors. However, the
interpretation of hirsutism requires caution, since modified Ferriman—Gallwey
thresholds vary across ethnic groups and may lead to underdiagnosis or overdiagnosis
in certain populations [15,16]. Therefore, hirsutism should be evaluated together with
menstrual history, androgen profile, and metabolic parameters rather than used as an
isolated diagnostic criterion.

Acne in PCOS has a more complex diagnostic value. Although androgen excess
increases sebaceous gland activity and follicular keratinization, acne severity does not
always correlate directly with circulating androgen levels [17—-19]. This discrepancy
suggests that local skin sensitivity to androgens, intracrine conversion of testosterone
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to dihydrotestosterone, sebaceous gland receptor activity, microbiome-related
inflammation, and insulin-mediated pathways may all contribute to lesion persistence
[18,19,22]. Clinically, this supports the view that adult female acne, especially when
persistent, inflammatory, localized to the lower face, or resistant to standard therapy,
should prompt evaluation for PCOS and associated metabolic abnormalities [17—-19].

Androgenetic alopecia occupies an intermediate position within the dermatological
phenotype of PCOS. Unlike hirsutism, it may develop even in women without marked
biochemical androgen excess, indicating that follicular sensitivity and local androgen
metabolism are central to its pathogenesis [16,20]. This is important clinically because
scalp hair loss is often underreported, but it has a profound psychological effect and
may significantly reduce quality of life [20,23]. The presence of alopecia in PCOS
should therefore lead to a broader assessment that includes androgen status, thyroid
function, iron deficiency, vitamin D status, stress-related telogen effluvium, and other
causes of female-pattern hair loss.

Acanthosis nigricans and acrochordons represent a different diagnostic pathway,
as they are more strongly associated with insulin resistance, obesity, impaired glucose
tolerance, and metabolically severe PCOS phenotypes [19,21]. Their presence may
identify women who require early screening for carbohydrate metabolism disorders,
dyslipidemia, central adiposity, and cardiovascular risk factors [21,24]. This is
particularly relevant because PCOS is not limited to reproductive dysfunction; it is
associated with long-term metabolic consequences, including type 2 diabetes risk and
cardiometabolic burden [24,25]. In this context, visible skin changes may serve as
simple, low-cost clinical markers for selecting patients who need more detailed
metabolic evaluation.

The therapeutic implications of these findings are also important. Management
focused only on topical dermatological treatment may provide partial or temporary
improvement if the underlying endocrine—metabolic drivers remain unaddressed.
Combined oral contraceptives, antiandrogens, insulin-sensitizing interventions, weight
reduction, and lifestyle modification may improve cutaneous symptoms by targeting
androgen excess and insulin resistance, while dermatological therapies address local
inflammation, follicular obstruction, and cosmetic burden [22-25]. Thus, effective
treatment requires coordination between gynecologists, endocrinologists, and
dermatologists, particularly in patients with combined acne, hirsutism, alopecia, and
metabolic skin signs.

Another key point is the psychosocial impact of dermatological manifestations.
Visible symptoms of PCOS frequently affect self-esteem, social functioning, body
image, and sexual well-being, and may contribute to anxiety and depressive symptoms
[20,23]. This burden is often disproportionate to the objective severity of lesions,
especially in young women. Therefore, clinical assessment should include not only
hormonal and metabolic parameters, but also patient-reported distress and quality-of-
life measures.

Overall, the reviewed data support the inclusion of structured dermatological
evaluation in PCOS diagnosis and risk stratification. Hirsutism and persistent adult
acne may indicate androgen excess, while acanthosis nigricans and skin tags may point
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toward insulin resistance and metabolic risk. Androgenetic alopecia requires particular
attention because it may reflect both endocrine and local follicular mechanisms. A
comprehensive approach to these manifestations can facilitate earlier diagnosis,
improve phenotypic classification, guide metabolic screening, and support
individualized treatment strategies for women with PCOS [9-25].

CONCLUSION

Dermatological manifestations of polycystic ovary syndrome are key clinical
indicators of underlying hyperandrogenism and insulin resistance rather than isolated
cosmetic findings. Hirsutism, acne, androgenetic alopecia, and acanthosis nigricans
reflect distinct aspects of the disease phenotype and may aid in early diagnosis,
particularly when they precede reproductive symptoms.

Incorporating dermatological assessment into routine evaluation of PCOS
improves phenotypic characterization and supports timely metabolic screening.
Importantly, the pattern and severity of cutaneous manifestations may also serve as
practical markers of disease burden and metabolic risk. A multidisciplinary approach
targeting both systemic and cutaneous mechanisms is essential for effective
management and improved long-term outcomes, including quality of life.
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Abstract. Iron deficiency anemia (IDA) remains the most prevalent nutritional
disorder during pregnancy and a major contributor to maternal and perinatal morbidity
worldwide. Increased iron requirements driven by expanded maternal erythropoiesis,
fetal growth, and placental development frequently exceed dietary intake, predisposing
pregnant women to iron depletion and anemia. IDA during pregnancy has been
consistently associated with adverse obstetric outcomes, including preterm birth, low
birth weight, intrauterine growth restriction, and increased risk of postpartum
hemorrhage, as well as impaired neonatal iron stores and neurodevelopment.

This review examines contemporary therapeutic strategies for the management of
IDA in pregnancy, with a focus on optimizing maternal hematologic status and
improving obstetric outcomes. Oral iron supplementation remains the first-line therapy
for mild to moderate anemia; however, its effectiveness is often limited by
gastrointestinal intolerance, poor adherence, and suboptimal absorption. Intravenous
iron formulations, particularly newer-generation complexes, have emerged as effective
and well-tolerated alternatives, enabling rapid replenishment of iron stores and more
efficient correction of anemia, especially in the second and third trimesters or in cases
of oral iron failure.

Current evidence suggests that timely diagnosis and individualized treatment of
IDA are critical determinants of pregnancy outcomes. Early intervention is associated
with reduced rates of preterm delivery and low birth weight, while severe untreated
anemia significantly increases the risk of maternal complications and adverse neonatal
outcomes. In addition, emerging data support the role of routine screening, ferritin-
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guided therapy, and tailored dosing regimens to enhance treatment efficacy. A
multidisciplinary and evidence-based approach to IDA in pregnancy, integrating
obstetric, hematologic, and nutritional management, is essential for minimizing
complications and improving both maternal and neonatal health outcomes.

Keywords: iron deficiency anemia, pregnancy; maternal anemia; iron
supplementation; intravenous iron therapy, ferritin; preterm birth, low birth weight;
maternal outcomes, neonatal outcomes.

Introduction. Iron deficiency anemia (IDA) is the most common hematologic
disorder complicating pregnancy and remains a major contributor to maternal and
perinatal morbidity worldwide [1,2]. Physiological adaptations of pregnancy, including
expansion of plasma volume, increased erythropoiesis, and the demands of the
developing fetus and placenta, result in a progressive rise in iron requirements that
frequently exceeds dietary intake [3]. As a consequence, many women enter pregnancy
with depleted iron stores or develop iron deficiency during gestation, particularly in
settings with limited nutritional resources or inadequate antenatal care [2,4].

The clinical significance of IDA in pregnancy extends beyond hematologic
parameters, as it has been consistently associated with adverse obstetric outcomes,
including preterm birth, low birth weight, intrauterine growth restriction, and increased
risk of peripartum complications [4,5]. In addition, maternal anemia has been linked to
impaired neonatal iron status and suboptimal neurodevelopmental outcomes,
highlighting the need for timely and effective therapeutic intervention [5,6]. These
associations have shifted the clinical focus from simple correction of hemoglobin
levels to comprehensive restoration of iron balance throughout pregnancy.

Therapeutic strategies for IDA in pregnancy have evolved substantially in recent
years, reflecting improved understanding of iron metabolism, hepcidin regulation, and
the limitations of traditional oral supplementation [6,7]. Oral iron remains the first-line
treatment for mild to moderate anemia due to its accessibility and cost-effectiveness;
however, its use is frequently complicated by gastrointestinal side effects, poor
adherence, and variable absorption, particularly in the presence of inflammation or
elevated hepcidin levels [7]. These limitations have prompted increasing use of
intravenous iron formulations, which allow for rapid and more predictable repletion of
iron stores and have demonstrated favorable safety profiles in the second and third
trimesters [7,8].

Current clinical approaches emphasize early screening, ferritin-based diagnosis,
and individualized treatment selection based on anemia severity, gestational age, and
response to therapy [3,8]. The choice between oral and intravenous iron is no longer
solely determined by hemoglobin concentration but also by the urgency of correction,
tolerance to therapy, and the risk profile of the pregnancy. In this context, optimizing
therapeutic strategies for IDA has become a critical component of antenatal care, with
the goal of improving both maternal health and obstetric outcomes.

Given the persistent global burden of IDA and its direct impact on pregnancy
outcomes, a focused evaluation of contemporary treatment approaches and their
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clinical effectiveness is essential for guiding evidence-based management in obstetric
practice.

Materials and Methods. A structured literature review was conducted using
PubMed, Scopus, Web of Science, and the Cochrane Library, covering publications
from 2015 to 2025. The search strategy combined MeSH terms and keywords including
“iron deficiency anemia,” “pregnancy,” “iron supplementation,” “oral iron,”
“intravenous iron,” “ferritin,” and “obstetric outcomes,” using Boolean operators.

Inclusion criteria comprised randomized controlled trials, cohort studies,
systematic reviews, and meta-analyses in English involving pregnant women with iron
deficiency anemia. Studies addressing therapeutic interventions and reporting maternal
or neonatal outcomes were included. Case reports, conference abstracts without full
text, and studies lacking clear diagnostic or therapeutic criteria were excluded.

Study selection was performed through title and abstract screening followed by
full-text assessment. Extracted data included study design, gestational age, type of
therapy, dosing regimens, hematologic response, and obstetric outcomes. The synthesis
was qualitative with elements of descriptive analysis, focusing on the comparative
effectiveness and safety of treatment approaches.

Results. Comprehensive analysis of studies published between 2015 and 2025
confirms that iron deficiency anemia (IDA) in pregnancy is strongly associated with
adverse maternal and neonatal outcomes, and that the effectiveness of therapy is largely
determined by the timing, route of administration, and adequacy of iron repletion.
Across large cohort studies and meta-analyses, the prevalence of IDA in pregnancy
ranged from 15% to over 40%, with higher rates observed in low-resource settings and
among women with poor nutritional status or short interpregnancy intervals [9,10].
Regardless of geographic variation, untreated or insufficiently corrected anemia was
consistently linked to increased risks of preterm birth, low birth weight, intrauterine
growth restriction, and peripartum complications, including higher likelihood of blood
transfusion and postpartum hemorrhage [10—-12].

Several studies demonstrated a dose-response relationship between maternal
hemoglobin levels and obstetric outcomes. Women with moderate to severe anemia
(hemoglobin <90-100 g/L) had significantly higher rates of preterm delivery and low
birth weight infants compared to those with mild anemia or normal hemoglobin levels
[11,12]. In addition, maternal iron deficiency was associated with reduced neonatal
iron stores, increasing the risk of early-life iron deficiency and potential
neurodevelopmental impairment [12,13]. These findings highlight that the clinical
impact of IDA extends beyond pregnancy itself and may influence long-term child
health outcomes.

With regard to treatment strategies, oral iron supplementation remained the most
commonly prescribed first-line therapy, particularly in mild anemia detected during
early pregnancy. However, multiple studies reported substantial limitations associated
with oral iron. Gastrointestinal side effects, including nausea, constipation, and
abdominal discomfort, were observed in up to 30—50% of patients, contributing to poor
adherence and treatment discontinuation [13,14]. In addition, the rate of hemoglobin
increase with oral iron was relatively slow, typically ranging from 5 to 10 g/L over 2—
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4 weeks, which may be insufficient in later gestational stages when rapid correction is
required [14,15]. In several observational cohorts, a significant proportion of women
receiving oral iron failed to achieve target hemoglobin levels before delivery,
particularly when therapy was initiated after the second trimester [14—16].

In contrast, intravenous (IV) iron therapy demonstrated consistently superior
efficacy in both hematologic correction and restoration of iron stores. Randomized
controlled trials and meta-analyses showed that IV iron resulted in a more rapid and
pronounced increase in hemoglobin levels compared to oral supplementation, with
mean increases of 15-25 g/L. within 3—6 weeks [15—17]. Furthermore, ferritin levels
increased significantly following IV therapy, indicating effective replenishment of iron
stores and reduced likelihood of recurrent anemia in late pregnancy [16—18]. These
benefits were observed across different IV formulations, including iron sucrose and
ferric carboxymaltose, with comparable efficacy profiles.

Importantly, the timing of IV iron administration appeared to influence obstetric
outcomes. Studies evaluating second-trimester intervention demonstrated improved
maternal hematologic status at delivery, lower rates of severe anemia, and reduced need
for peripartum blood transfusion [16—19]. Some prospective studies also reported a
reduction in the incidence of low birth weight infants and improved neonatal
hemoglobin levels in women treated with IV iron compared to oral therapy, although
the effect on preterm birth rates remained less consistent across studies [17-19].
Nevertheless, the overall trend suggests that earlier and more effective correction of
iron deficiency contributes to improved perinatal outcomes.

Safety analyses of modern IV iron formulations confirmed favorable tolerability.
The majority of adverse events were mild and transient, including headache, dizziness,
flushing, or local infusion reactions [18—20]. Serious hypersensitivity reactions were
rare, particularly with newer preparations, and the overall safety profile was
comparable to or better than that of oral iron when adherence-related complications
were considered [19,20]. These findings support the expanding use of IV iron not only
in severe anemia but also in cases of oral intolerance or insufficient therapeutic
response.

In addition to pharmacological interventions, studies assessing structured antenatal
screening programs demonstrated that early identification and treatment of iron
deficiency significantly improved maternal outcomes. Ferritin-based screening
allowed detection of iron deficiency prior to the development of overt anemia, enabling
earlier intervention and prevention of disease progression [20,21]. Integrated
management approaches, combining screening, individualized therapy selection, and
follow-up monitoring, were associated with higher rates of hemoglobin normalization
and reduced prevalence of severe anemia at term [21].

Overall, the analyzed data indicate that IDA in pregnancy is a modifiable risk factor
for adverse obstetric outcomes, and that therapeutic strategy plays a critical role in
determining both maternal and neonatal prognosis. Oral iron remains appropriate for
mild cases detected early in pregnancy, whereas IV iron provides a more effective and
rapid alternative in moderate to severe anemia or when timely correction is required.
Early diagnosis, ferritin-guided therapy, and individualized treatment selection are
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consistently associated with improved hematologic recovery and more favorable
obstetric outcomes.

Discussion. The findings of this review reinforce the concept that iron deficiency
anemia (IDA) in pregnancy is not merely a laboratory abnormality but a clinically
significant, modifiable determinant of obstetric outcomes. The consistent association
between maternal anemia and adverse perinatal events—particularly preterm birth, low
birth weight, and increased need for peripartum transfusion—highlights the importance
of timely and adequate correction of iron deficiency as a central component of antenatal
care [9-12]. Importantly, the observed dose-response relationship between
hemoglobin levels and pregnancy outcomes supports the notion that not only the
presence, but also the severity of anemia, directly influences maternal and fetal
prognosis.

A key finding across the analyzed studies is the differential effectiveness of
therapeutic strategies. Oral iron supplementation remains the standard first-line
approach due to accessibility and cost-effectiveness; however, its clinical utility is
frequently limited by gastrointestinal intolerance, poor adherence, and delayed
hematologic response [13—15]. These limitations are particularly relevant in late
pregnancy, when the time available for correction of anemia is restricted and rapid
improvement is required. Furthermore, increasing evidence suggests that inflammatory
states and elevated hepcidin levels may impair intestinal iron absorption, further
reducing the effectiveness of oral therapy in certain patient populations [16,17].

In contrast, intravenous (IV) iron therapy has demonstrated superior efficacy in
achieving rapid correction of anemia and replenishment of iron stores. The observed
increases in hemoglobin and ferritin levels within a relatively short time frame provide
a clear therapeutic advantage, especially in moderate to severe anemia or in cases of
oral iron intolerance [15—18]. These findings are consistent with current international
guidelines, which increasingly recommend IV iron as a preferred option beyond the
first trimester when rapid repletion is clinically indicated [4,25]. Importantly, the safety
profile of modern IV iron formulations has improved significantly, with a low
incidence of serious adverse reactions, supporting their broader integration into
obstetric practice [18-20].

The timing of intervention emerges as a critical determinant of therapeutic success.
Evidence suggests that early identification of iron deficiency—preferably at the stage
of depleted iron stores prior to the development of overt anemia—allows for more
effective correction and may prevent progression to severe disease [20,21]. Ferritin-
guided screening strategies enable earlier diagnosis and facilitate individualized
treatment decisions, aligning with the growing emphasis on precision medicine in
obstetrics. Moreover, initiation of IV iron therapy in the second trimester has been
associated with improved maternal hematologic status at delivery and reduced rates of
severe anemia, although its direct impact on preterm birth remains less consistently
demonstrated [17-19].

Another important consideration is the relationship between maternal iron status
and neonatal outcomes. While correction of maternal anemia improves hemoglobin
levels at delivery, its effect on neonatal endpoints appears to depend on the timing and
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adequacy of treatment. Studies suggest that early and sufficient iron repletion is
associated with improved neonatal iron stores and may reduce the risk of early-life iron
deficiency, which has implications for neurodevelopment [12,13,26]. However, late
intervention may be less effective in influencing fetal iron accretion, underscoring the
importance of early therapeutic strategies.

From a clinical perspective, these findings support a shift from a uniform treatment
approach toward a more individualized model of care. The choice between oral and IV
iron should consider not only hemoglobin concentration, but also gestational age,
severity of deficiency, patient tolerance, comorbid conditions, and urgency of
correction. In addition, integration of nutritional counseling, monitoring of treatment
response, and multidisciplinary collaboration between obstetricians and hematologists
may enhance overall outcomes.

Finally, despite substantial progress in the management of IDA in pregnancy,
several gaps remain. Variability in diagnostic thresholds, heterogeneity in study
designs, and differences in treatment protocols limit direct comparability across
studies. Further large-scale randomized trials are needed to refine optimal timing,
dosing regimens, and selection criteria for IV iron therapy, as well as to clarify its
impact on long-term maternal and neonatal outcomes.

In summary, the current evidence supports early, targeted, and individualized
management of IDA in pregnancy, with increasing emphasis on the role of intravenous
iron in appropriate clinical settings. Optimizing therapeutic strategies has the potential
to significantly improve both hematologic parameters and obstetric outcomes,
reinforcing the importance of proactive and evidence-based approaches in antenatal
care.

CONCLUSION

Iron deficiency anemia in pregnancy is a common yet modifiable condition with a
clear impact on maternal and neonatal outcomes. The evidence indicates that both the
severity of anemia and the timing of intervention are critical determinants of prognosis.
While oral iron remains appropriate for mild cases, its limitations reduce effectiveness
in a substantial proportion of patients.

Intravenous iron provides a more reliable and rapid correction of iron deficiency,
particularly in moderate to severe anemia or when timely response is required. Early
identification, ferritin-guided assessment, and individualized therapeutic strategies are
essential for optimizing treatment efficacy. A proactive, targeted approach to the
management of IDA in pregnancy is associated with improved hematologic recovery
and more favorable obstetric outcomes.
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For the past few years, the educational process at a medical university has mainly
been conducted either in a mixed format or in a distance (on-line) format. This is a
requirement of the present time and, unfortunately, it is difficult to predict when the
system will return to the usual classroom (off-line) teaching mode [1, 2, 3. 4].

The Department of General Hygiene and Ecology of National Pirogov Memorial
Medical University conducted a survey of 6" year students, that is, graduating students,
in order to determine the duration of their work at a computer during the day [5, 6, 7,
8, 9, 10]. On average, this form of educational activity, when studying individual
academic disciplines, in a number of cases is at least 8-10 hours with short breaks. Such
a long-term process of intense educational activity can cause the development of
pathological changes in the body of graduates.

On the one hand, this is a constant strain on the organ of vision and a significant
increase in the neuropsychic stress, on the other hand, a number of phenomena that are
a consequence of hypokinesia, constant significant tension of the muscles of the back
and neck, as a result of which curvature of the spine (kyphosis, scoliosis, lordosis) can
develop, as well as worsening blood supply to the lower extremities and internal
organs, especially in the pelvic area, respiratory movements become difficult, the
abdominal muscles weaken, and in the case of constant work at the computer, there is
a very high risk of carpal tunnel syndrome.

Based on this, students were offered a set of health activities that they can carry out
throughout the day, depending on their complexity and duration. First of all, it is to
ensure the workplace, its compliance with hygienic standards and body proportions
(the height of the table top and the height of the edge of the seat above the floor), the
work chair must rotate, be lifting, have an armrest and a backrest in accordance with
the configuration of the spine, the seat must be semi-soft, round or rounded.
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An important component of the measures is to ensure the cleanliness of the air in
the working room where the computer is located through sufficient ventilation. To
relieve general stress on the body, students are recommended a set of physical exercises
that can be performed during breaks in work. If possible, to increase physical activity,
it is advisable to visit gyms, go swimming, running or walking. To combat early fatigue
of the organ of vision, a set of eye exercises is recommended.

For convenience and regularity in carrying out health-improving activities,
students at their discretion draw up schemes for carrying out a set of necessary tasks
both in terms of content and time, which is a mandatory component of independent
work, which is controlled and must be completed by every higher education applicant.

Therefore, such a comprehensive approach to the issues of health-improving
students who are engaged in forced conditions of distance (on-line) learning should
ensure the preservation of the health of future specialists and improve the level of
assimilation of knowledge recommended by the discipline program.
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Abstract. Insulin resistance is a central pathophysiological feature of metabolic
disorders, including type 2 diabetes mellitus, obesity, and metabolic syndrome. Its
progression reflects a complex interplay between metabolic and hormonal
disturbances, in which mitochondrial dysfunction and oxidative stress have emerged
as key mechanistic drivers. Impaired mitochondrial oxidative capacity leads to
inefficient substrate utilization, accumulation of lipid intermediates, and disruption of
cellular energy homeostasis, all of which contribute to defects in insulin signaling.
Concurrently, excessive production of reactive oxygen species promotes oxidative
damage to proteins, lipids, and DNA, further aggravating insulin resistance through
activation of pro-inflammatory pathways and inhibition of insulin receptor signaling
cascades.

Hormonal dysregulation, including alterations in adipokines, glucocorticoids, and
sex steroids, amplifies these processes by modulating mitochondrial function and redox
balance. Adipose tissue dysfunction, characterized by increased secretion of pro-
inflammatory cytokines and decreased levels of insulin-sensitizing factors such as
adiponectin, plays a pivotal role in linking metabolic and endocrine pathways. These
interactions create a self-perpetuating cycle in which mitochondrial impairment and
oxidative stress reinforce insulin resistance at both cellular and systemic levels.

This review synthesizes current evidence on the metabolic and hormonal
mechanisms underlying the progression of insulin resistance, with particular emphasis
on mitochondrial dysfunction and oxidative stress as therapeutic targets. A deeper
understanding of these interconnected pathways may inform the development of more
effective strategies aimed at preventing and reversing insulin resistance and its
associated complications.

Keywords: insulin resistance;, mitochondrial dysfunction; oxidative stress;
metabolic pathways; hormonal regulation; adipokines, inflammation, reactive oxygen
species, metabolic syndrome.

Introduction. Insulin resistance (IR) is a central metabolic defect that precedes and
drives the development of type 2 diabetes, non-alcoholic fatty liver disease, and
cardiovascular disorders [1,2]. What is often detected clinically as impaired glucose
homeostasis reflects a broader disruption of metabolic flexibility, defined as the ability
of cells to efficiently switch between lipid and carbohydrate oxidation in response to
hormonal and nutritional signals [2,3]. Long before overt hyperglycemia, early
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alterations in substrate utilization, mitochondrial energetics, and endocrine regulation
initiate a cascade of events that progressively impair insulin action in skeletal muscle,
liver, and adipose tissue [3,4].

A key mechanistic component in this process is mitochondrial dysfunction.
Mitochondria play a critical role in maintaining energy balance through oxidative
phosphorylation and regulation of metabolic fluxes. When mitochondrial function is
compromised, incomplete fatty acid oxidation and accumulation of lipid intermediates
such as diacylglycerols and ceramides occur, leading to disruption of insulin signaling
pathways [4,5]. These lipid metabolites interfere with insulin receptor signaling and
downstream pathways, including IRS-1 and Akt, ultimately reducing glucose uptake
and utilization. In skeletal muscle, reduced mitochondrial oxidative capacity has been
consistently associated with decreased insulin sensitivity, supporting the concept that
mitochondrial impairment contributes directly to the development and progression of
IR [5,6].

Oxidative stress represents another critical link between metabolic dysregulation
and impaired insulin signaling. Excess nutrient availability, particularly in the context
of overnutrition, increases the production of reactive oxygen species (ROS) within
mitochondria [6,7]. While physiological ROS levels participate in normal cellular
signaling, excessive ROS production leads to oxidative damage of proteins, lipids, and
nucleic acids. This promotes activation of stress-related signaling pathways, including
c-Jun N-terminal kinase and nuclear factor kappa B, which negatively regulate insulin
signaling by impairing insulin receptor substrate function [7,8]. Persistent oxidative
stress also contributes to chronic low-grade inflammation, further exacerbating insulin
resistance.

Hormonal regulation significantly modulates these processes. Adipose tissue
functions as an endocrine organ that secretes adipokines and inflammatory mediators
influencing systemic insulin sensitivity. In insulin-resistant states, decreased
adiponectin levels and increased secretion of pro-inflammatory cytokines contribute to
impaired mitochondrial function and enhanced oxidative stress [5,7]. Additionally,
dysregulation of glucocorticoids, thyroid hormones, and sex steroids alters
mitochondrial activity, substrate metabolism, and redox balance, further reinforcing
insulin resistance [3,8]. These interactions create a self-sustaining cycle in which
metabolic and hormonal disturbances amplify each other.

Recent evidence supports the concept that insulin resistance is not solely a disorder
of glucose metabolism but a systemic condition rooted in mitochondrial dysfunction
and oxidative imbalance [1-8]. Understanding these interconnected mechanisms is
essential for identifying novel therapeutic targets aimed at restoring metabolic
homeostasis and improving insulin sensitivity.

Materials and Methods. A structured literature review was performed using
PubMed, Scopus, Web of Science, and the Cochrane Library, covering publications
from 2015 to 2025. The search strategy combined MeSH terms and keywords including
“insulin resistance,” “mitochondrial dysfunction,” “oxidative stress,” “reactive oxygen
species,” “metabolic pathways,” and “hormonal regulation,” using Boolean operators.

929 ¢¢ 99 ¢¢
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Eligible studies included original research articles, randomized controlled trials,
cohort studies, systematic reviews, and meta-analyses published in English that
investigated molecular, metabolic, or endocrine mechanisms of insulin resistance.
Studies focusing on mitochondrial function, oxidative stress pathways, or hormonal
modulation in human or relevant experimental models were included. Case reports,
conference abstracts without full text, and studies lacking methodological clarity were
excluded.

Study selection was conducted in two stages, including screening of titles and
abstracts followed by full-text evaluation. Data extraction included study design,
population or model characteristics, key molecular pathways, and reported associations
between mitochondrial dysfunction, oxidative stress, and insulin resistance. The
synthesis was qualitative with elements of descriptive analysis, focusing on
mechanistic consistency and translational relevance.

Results. The reviewed data indicate that its progression involves several
interconnected mechanisms: loss of metabolic flexibility, mitochondrial dysfunction,
excessive production of reactive oxygen species, accumulation of lipid intermediates,
chronic low-grade inflammation, and endocrine dysregulation [9—11]. These processes
affect insulin-sensitive tissues differently, but they converge on the same final
pathway: impaired insulin receptor signaling, reduced glucose disposal, increased
hepatic glucose production, and worsening metabolic homeostasis [9—-13].

A consistent finding across clinical and experimental studies was the reduction of
metabolic flexibility in patients with obesity, prediabetes, metabolic syndrome, and
type 2 diabetes. Under physiological conditions, skeletal muscle and liver switch
between fatty acid oxidation during fasting and glucose utilization after feeding. In
insulin-resistant states, this adaptive switch becomes impaired, resulting in persistent
lipid oxidation, reduced insulin-stimulated glucose uptake, and inefficient substrate
handling [9,10]. This defect appears early, often before overt hyperglycemia,
suggesting that impaired substrate switching may represent one of the earliest
metabolic signs of insulin resistance progression [10,11].

Mitochondrial dysfunction was identified as a central contributor to this process.
In skeletal muscle, reduced oxidative phosphorylation, impaired electron transport
chain activity, and decreased mitochondrial density were associated with lower insulin-
stimulated glucose uptake and reduced Akt phosphorylation [10—12]. These changes
limit ATP generation and impair the energy-dependent processes required for glucose
transport and utilization. In the liver, mitochondrial overload contributes to increased
gluconeogenesis, accumulation of intrahepatic triglycerides, and progression toward
non-alcoholic fatty liver disease [11-13]. In adipose tissue, impaired mitochondrial
function promotes adipocyte hypertrophy, hypoxia, reduced lipid buffering capacity,
and local inflammatory activation [12,13].

Particular attention in recent studies has been given to mitochondrial dynamics.
Altered balance between mitochondrial fusion and fission, together with defective
mitophagy, leads to the persistence of damaged mitochondria and further increases
oxidative stress [11,12]. Impaired mitophagy reduces cellular capacity to remove
dysfunctional mitochondria, allowing accumulation of organelles with reduced
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respiratory efficiency and increased ROS production. This mechanism is especially
relevant in skeletal muscle and adipose tissue, where mitochondrial quality control
directly influences insulin sensitivity and lipid metabolism [12,13].

A major downstream consequence of mitochondrial dysfunction is incomplete fatty
acid oxidation and accumulation of lipid intermediates. Diacylglycerols and ceramides
were repeatedly identified as active mediators of insulin resistance rather than passive
markers of lipid excess [13—15]. Diacylglycerols activate specific protein kinase C
isoforms, which interfere with insulin receptor substrate phosphorylation and weaken
downstream insulin signaling. Ceramides impair Akt activation, reduce glucose
uptake, disturb mitochondrial respiration, and promote cellular stress responses
[14,15]. Importantly, recent data suggest that tissue-specific lipid profiles may explain
why individuals with similar body mass index can demonstrate markedly different
degrees of insulin sensitivity [15].

Oxidative stress was another key mechanism linking nutrient overload to insulin
signaling defects. Excessive nutrient availability increases electron flux through the
mitochondrial respiratory chain. When mitochondrial function is impaired, this
promotes electron leakage and increased generation of reactive oxygen species [16,17].
At physiological levels, ROS participate in adaptive cellular signaling. However,
chronic ROS excess causes oxidative modification of proteins, lipids, and
mitochondrial DNA, thereby aggravating mitochondrial damage and reducing cellular
metabolic efficiency [16,17]. This creates a self-reinforcing cycle in which
mitochondrial dysfunction increases oxidative stress, and oxidative stress further
damages mitochondrial structure and function.

The reviewed studies also show that oxidative stress directly impairs insulin
signaling. ROS activate stress-sensitive kinases, including c-Jun N-terminal kinase,
inhibitor of nuclear factor kappa B kinase, and nuclear factor kappa B pathways [16—
18]. These pathways promote inhibitory phosphorylation of insulin receptor substrate
proteins and reduce activation of downstream signaling through phosphoinositide 3-
kinase and Akt. As a result, insulin-stimulated glucose transporter translocation is
impaired, particularly in skeletal muscle and adipose tissue [17,18]. In the liver,
oxidative stress contributes to persistent gluconeogenesis and altered lipid metabolism,
reinforcing fasting hyperglycemia and hepatic insulin resistance [17,18].

Chronic low-grade inflammation appeared as a closely related component of
insulin resistance progression. In obesity and metabolic syndrome, adipocyte
hypertrophy leads to tissue hypoxia, endoplasmic reticulum stress, macrophage
infiltration, and increased secretion of inflammatory mediators [18,19]. Tumor
necrosis factor alpha, interleukin-6, monocyte chemoattractant protein-1, and other
cytokines impair insulin signaling locally in adipose tissue and systemically in skeletal
muscle and liver [18,19]. Mitochondrial-derived ROS further activate inflammatory
signaling, while inflammatory cytokines worsen mitochondrial function, forming
another reciprocal pathological loop.

Adipose tissue dysfunction was one of the most important endocrine links between
metabolic overload and systemic insulin resistance. In healthy conditions, adipose
tissue safely stores excess energy and secretes hormones that regulate appetite,
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inflammation, and insulin sensitivity. In insulin-resistant states, adipose tissue loses
this buffering capacity and becomes a source of inflammatory cytokines and
dysregulated adipokine secretion [19,20]. Reduced adiponectin levels were
consistently associated with impaired fatty acid oxidation, decreased AMP-activated
protein kinase activity, reduced mitochondrial biogenesis, and lower insulin sensitivity
[20]. Since adiponectin improves glucose uptake and lipid oxidation, its reduction
contributes directly to metabolic deterioration.

Leptin signaling also showed a significant relationship with insulin resistance.
Although leptin levels usually increase with adiposity, obesity is commonly
accompanied by leptin resistance, meaning that high circulating leptin fails to suppress
appetite or improve energy expenditure effectively [19,20]. Leptin resistance promotes
continued caloric excess, ectopic lipid deposition, and further impairment of metabolic
flexibility. In addition, disturbed leptin signaling may contribute to mitochondrial
dysfunction and inflammatory activation, particularly in adipose tissue and
hypothalamic metabolic regulation [20].

Beyond adipokines, several hormonal systems influence the progression of insulin
resistance through mitochondrial and redox pathways. Glucocorticoid excess increases
hepatic gluconeogenesis, stimulates visceral fat accumulation, promotes muscle
protein catabolism, and aggravates insulin resistance [21]. Thyroid hormones regulate
basal metabolic rate, mitochondrial biogenesis, thermogenesis, and oxidative
metabolism. Therefore, even mild abnormalities in thyroid hormone signaling may
influence insulin sensitivity through changes in energy expenditure and substrate
oxidation [21]. Sex steroids also modulate metabolic risk: reduced estrogen signaling
is associated with visceral adiposity and oxidative stress, while relative androgen
excess in certain phenotypes may worsen insulin resistance through effects on adipose
distribution, lipid metabolism, and inflammation [21].

Taken together, the evidence supports an integrated model in which insulin
resistance progresses through mutually reinforcing metabolic and hormonal
disturbances. Mitochondrial dysfunction reduces oxidative efficiency and promotes
incomplete substrate utilization. Oxidative stress damages insulin signaling structures
and mitochondrial components. Lipid intermediates inhibit insulin pathway activation.
Inflammation suppresses insulin sensitivity across multiple tissues. Hormonal
imbalance intensifies these processes by altering adipose function, energy expenditure,
and redox regulation [9-21]. This model explains why isolated glucose-lowering
strategies may be insufficient in progressive insulin resistance and supports therapeutic
approaches aimed at improving mitochondrial function, reducing oxidative stress,
restoring adipose tissue endocrine activity, and correcting hormonal contributors to
metabolic dysfunction.

Discussion. The data synthesized in this review support the concept that insulin
resistance represents a systemic endocrine—metabolic disorder driven by the
convergence of mitochondrial dysfunction, oxidative stress, lipid toxicity,
inflammation, and hormonal imbalance. From an endocrinological perspective, these
mechanisms are not independent but operate within an integrated network in which
disturbances in one component amplify dysfunction in others. This interdependence
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explains the progressive and self-sustaining nature of insulin resistance observed in
clinical settings [9—-11].

Mitochondrial dysfunction appears to occupy a central position in this network.
Reduced oxidative capacity, impaired mitochondrial dynamics, and defective
mitophagy lead to accumulation of dysfunctional mitochondria with decreased ATP
production and increased generation of reactive oxygen species [10—12]. Importantly,
these changes are not merely secondary to insulin resistance but actively contribute to
its progression by disrupting insulin signaling pathways at multiple levels. In skeletal
muscle, diminished mitochondrial efficiency is associated with reduced glucose
uptake, while in the liver it promotes gluconeogenesis and lipid accumulation,
reinforcing both fasting hyperglycemia and hepatic insulin resistance [11-13].

The role of oxidative stress further highlights the endocrine dimension of insulin
resistance. Excessive production of reactive oxygen species, particularly under
conditions of nutrient overload, leads to activation of stress-sensitive signaling
pathways that interfere with insulin receptor function and downstream signaling [16—
18]. In addition, oxidative stress induces mitochondrial DNA damage and impairs
mitochondrial biogenesis, creating a feedback loop that perpetuates cellular
dysfunction. This relationship is clinically relevant, as it links environmental factors
such as overnutrition and sedentary lifestyle to intracellular signaling abnormalities
and endocrine dysregulation [16,17].

A critical aspect of insulin resistance progression is the accumulation of lipid
intermediates, including diacylglycerols and ceramides, which directly inhibit insulin
signaling [13—15]. These metabolites act as intracellular endocrine mediators,
translating excess energy availability into molecular signals that impair insulin receptor
substrate phosphorylation and Akt activation. From an endocrinological standpoint,
this mechanism provides a biochemical explanation for the close association between
obesity, ectopic fat deposition, and insulin resistance, even in the absence of overt
hyperglycemia [14,15].

Adipose tissue plays a central endocrine role in this process. In insulin-resistant
states, adipose tissue undergoes functional remodeling characterized by hypertrophy,
hypoxia, and increased infiltration of immune cells [18,19]. This results in altered
secretion of adipokines and cytokines, including reduced adiponectin and increased
tumor necrosis factor alpha and interleukin-6, which collectively impair insulin
sensitivity in peripheral tissues. Adiponectin, in particular, exerts insulin-sensitizing
effects through activation of AMP-activated protein kinase and enhancement of
mitochondrial function, and its reduction represents a key link between adipose
dysfunction and systemic metabolic impairment [19,20].

Leptin resistance further contributes to the endocrine dysregulation associated with
insulin resistance. Although circulating leptin levels are elevated in obesity, impaired
central and peripheral leptin signaling leads to persistent hyperphagia, reduced energy
expenditure, and continued lipid accumulation [19,20]. This condition promotes
further deterioration of metabolic flexibility and exacerbates mitochondrial
dysfunction and oxidative stress. The coexistence of leptin resistance and insulin
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resistance underscores the shared regulatory pathways governing energy homeostasis
and endocrine signaling.

In addition to adipokines, classical endocrine axes play an important role in
modulating insulin sensitivity. Glucocorticoid excess is associated with increased
hepatic glucose production, visceral adiposity, and muscle protein catabolism, all of
which contribute to insulin resistance [21]. Thyroid hormones regulate mitochondrial
biogenesis and oxidative metabolism, and even subclinical alterations in thyroid
function can influence insulin sensitivity through changes in basal metabolic rate and
substrate utilization [21]. Sex steroids also exert significant metabolic effects; reduced
estrogen levels are associated with increased visceral fat accumulation and oxidative
stress, while androgen excess in certain phenotypes contributes to adipose dysfunction
and insulin resistance [21].

An important implication of these findings is that insulin resistance should be
viewed as a disorder of energy distribution and cellular signaling rather than solely a
defect in glucose metabolism. The traditional focus on glycemic control does not fully
address the underlying pathophysiology, particularly in early stages of the disease.
Instead, therapeutic strategies should aim to restore mitochondrial function, reduce
oxidative stress, improve adipose tissue endocrine activity, and normalize hormonal
regulation. Emerging interventions targeting mitochondrial biogenesis, antioxidant
pathways, and adipokine modulation demonstrate potential in experimental and
clinical studies, although further research is required to establish their long-term
efficacy and safety [22-24].

Another clinically relevant consideration is the heterogeneity of insulin resistance.
Not all individuals with obesity develop significant metabolic impairment, and
differences in mitochondrial function, lipid handling, inflammatory response, and
endocrine signaling may explain this variability [14,15,25]. This observation supports
the need for more personalized approaches to diagnosis and treatment, incorporating
metabolic, hormonal, and possibly molecular biomarkers.

Despite significant advances, several limitations remain in the current body of
evidence. Many mechanistic studies are based on experimental models, and their
translation to human physiology requires further validation. In addition, variability in
study design, population characteristics, and methods of assessing insulin sensitivity
complicates direct comparison across studies. Future research should focus on
longitudinal human studies that integrate metabolic, mitochondrial, and endocrine
parameters to better define causal relationships and identify effective therapeutic
targets [25,26].

In summary, insulin resistance represents a complex endocrine—metabolic disorder
driven by interconnected mechanisms involving mitochondrial dysfunction, oxidative
stress, lipid accumulation, inflammation, and hormonal imbalance. Understanding
these relationships provides a foundation for more comprehensive and targeted
approaches to prevention and treatment, moving beyond glucose-centered strategies
toward restoration of systemic metabolic homeostasis [9-26].
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CONCLUSION

Insulin resistance is a complex endocrine—metabolic disorder driven by the
interaction of mitochondrial dysfunction, oxidative stress, lipid accumulation, chronic
inflammation, and hormonal imbalance. These mechanisms form a self-reinforcing
network that progressively impairs insulin signaling and disrupts systemic metabolic
homeostasis. Mitochondrial dysfunction and oxidative stress emerge as central drivers
of disease progression, linking nutrient overload to cellular and endocrine
dysregulation. At the same time, adipose tissue dysfunction and alterations in key
hormonal pathways amplify metabolic disturbances and contribute to the persistence
of insulin resistance across multiple organs.

Effective management requires a shift from isolated glucose-lowering strategies
toward integrated approaches targeting mitochondrial function, redox balance, and
endocrine regulation. A deeper understanding of these interconnected pathways
provides a basis for the development of more precise and potentially disease-modifying
therapeutic interventions.
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CYYACHI MOKJIMBOCTI PAHHbBOI JJIATHOCTUKH
BIPYCHUX EHHE®AJIITIB: HOBI TAPAJIUT'MH 2023
2026 POKIB

AuieB Pygart baxrtispoBu4

TOKTOp Gisocodii 3 METUITUHH, TOIEHT

JOLEHT Kadeapu BHYTPIIHBOT MeauiuHu Nel

JloHeUbKHii HaIllIOHAIFHUN MEIUYHUI YHIBEPCUTET, Y KpaiHa

Aunrok FQais CepriiBHa
3100yBay BHIIOI OCBITH
JloHelbKUI HalllIOHATBHUN MEMYHUN YHIBEPCUTET, YKpaiHa

AKTya/IbHICTh. 3amajgbHi 3aXBOPIOBaHHS TOJIOBHOTO MO3Ky BipyCHOTO
MOXO/PKCHHS 1 CHOTOJHI 3alMINAIOTBCS BAKIMBOIO MPOOJIEMOI0 TPAKTUIHOI
MeauiHy. [lonpu po3BUTOK CydacHUX METOMIB 00CTEKEHHS, CBO€YAaCHO BCTAHOBHUTH
J1arHO3 HE 3aBXIHM BJAETHCSA, OCKUIBKM NEPIIl MPOSBH XBOPOOM 4YACTO CXOXKI Ha
CUMIITOMHM 1HIIMX IHQEKUIMHUX a00 HEBPOJOriyHUX cTaHiB. I[li3HEe BUSABIEHHS
MaTOJIOT1i MOYKE IMIPU3BOJAMTH JI0 CEPHO3HUX HACTIIKIB, 30KpeMa CTIMKMX KOTHITUBHUX
MOpPYIIEHb, EMUICITUYHOTO CHUHIPOMY, BTPATH Mpalre3qaTHOCTI, 1HBaIIU3AIl]l Ta
HaBiTh CMepTI marienTa [1,3].

BipycHi enniedanitv 3aiiMaioTh OHE 3 TPOBIAHUX MICIIb cepell HeHpoiH(EKIii Ta
3aJIMIIAIOTHCS aKTyaJIbHOIO TIPOOJIEMOIO CydacHOi 1H(ekTosorii i HeBposorii. 3a
JTAHUMHM eI11IeMI0JIOTTYHUX JOCHTIDKeHb, 3aXBOPIOBAHICTh Ha 1H(EKIiHI eHIledaniT
ctaHoButh Bij 1,4 no 13,8 BunankiB Ha 100 000 HacenenHs Ha pik [1]. Haituacrime
XBOpoOa 3yCTpiuaeTbca y IIT€H PaHHBOrO BIKY, JIFOJIEH MOXWIOrO BIKY Ta OcCi0 31
3HUKEHUM IMyHiTeTOM [1,3].

[Ilopoky y CBITI PEECTPYEThCS 3HAUHA KUIBKICTh BHUIMAJIKIB €HIE(aTiTIB pi3HOTO
MOXOJPKEHHSI, 110 MiATBEP/KYE BAKIIMBICTh 11€1 MPOOIEMHU ISl CUCTEMH OXOPOHHU
3n0poB’a. OcobnuBOi yBarm BOoHa HaOyBae 4yepe3 30UIbIIEHHS KUIBKOCTI
IMyHOKOMIIPOMETOBAHUX TAIlI€HTIB, MOIMTUPEHHS] TPAHCMICUBHHUX 1H(EKIIIH, aKTUBHI
MIrpariiiHi MpoIecu Ta KIIMaTW4YHl 3MIHM, SKi BIUIMBAIOTh Ha TOIIMPEHHS
NEPEHOCHUKIB BIpyCHHUX 30y IHUKIB [1].

Ennedanit — e 3ananbHe ypakeHHS PEUOBHHU TOJIOBHOTO MO3KY, SIKE MOXKE
BUHMKATHU TiJl BIUIMBOM PI3HUX TMPUYHMH, OJHAK caMe BIPYCHI areHTH HaidacTiiie
3YMOBJIIOIOTh PO3BUTOK LILOTO 3aXBOPIOBaHHS [3]. Y 3B’SI3Ky 3 [IUM MHUTaHHS PAHHBOI
J1arHOCTHKH, CBOEYACHOTO JIKYBaHHS Ta MPOQIIAKTUKU YCKIAAHEHb 3aJUIIAI0ThCS
HAJ[3BUYAHO BKITUBUMHU.

Meta pociaigkeHHsl. Y3araJbHUTH Cy4YacHI JaHi MO0 TPHYHH BipyCHHUX
eHredaliTiB Ta TMpoaHaNi3yBaTH METOAW, SKi Jal0Th MOXIIUBICTh BHUSBUTH
3aXBOPIOBAHHS Ha paHHIX eTarax.
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Martepiaiu Ta MeToau. byno onpaiboBaHo cydacHi HayKoOBI myOstikaii, KIiHI4HI
OTJIS/IA Ta MIXKHAPOJHI peKOMeHallli OCTaHHIX POKIB, MIPUCBIYCHI HEHPOIH(DEKITISM.
OcHOBHY yBary mnpujijieHo e(eKTHUBHOCTI JabOpaTOpHUX Ta IHCTPYMEHTAIbHHUX
METO/I1B J1arHOCTUKH.

Pesyabratu nociaimxenns. [IpoBeneHuii aHaii3 Iokas3aB, II0 HaWYacCTIIIAMH
30yIHUKaMU BIpyCHUX €HIle(aliTiB 3aIuIIaloThCs BIpyC MpOCTOro repriecy 1 Tuiy,
Bipyc Varicella-zoster, eHTepoBipycH, BipyC KIIIIOBOrO eHiedality, Bipyc 3axiiHOrO
Hiny, 30yaHHUK SIMOHCHKOTO eHIedaniTy, a TakoX IUTOMETalIoBIpyC y MAIli€HTIB 3i
samwkeHnM  imyHiTetom [1,3]. Cepem pmopocioro Hacenenns came HSV-1 €
HaUTTOMIMPEHINION MPUYUHOIO TSHKKOTO CIIOPaANIHOTO eHIedamiTy [2].

Kiiniuna kapTUHa HaW4acTIIEe MPOSIBISETHCS IMIABUIICHHIM TEMIIEpaTypu Tina,
CWJIBHUM TOJOBHUM 00JieM, MOpPYIIEHHSM CBIJIOMOCTI, 3MIHAMH TOBEIIHKH,
CYyJIOMaMH, OCEPEIKOBOIO HEBPOJIOTIYHOI CHMIITOMATHKOI Ta MEHIHT€abHUMHU
nposiBamMu [3]. Pa3oM 3 TUM Ha MNOYaTKOBHX CTaAisiX CHUMIOTOMH MOXYThb OyTH
Hecreuu(PiuYHUMH, 10 YCKIATHIOE PaHHIO JIarHOCTUKY Ta 3aTPUMYyE IOYATOK
JiKyBaHHs. BCTaHOBIIEHO, 1O KOXEH JIEHb 3aTPUMKH IMPOTHUBIPYCHOI Teparii mpu
repreTUYHOMY eHIle(aiTi MOTipIIye MPOTHO3 3aXBOPIOBaHH [2,4].

HaiiGinpiie 3HaueHHS y paHHBOMY MIATBEPKEHHI J1arHO3y Mae MojiiMepa3Ha
JAHIIOTOBA PEAKI(is JIKBOPY, SKa BBAXKAETHCSA OCHOBHUM METOJIOM J1abOpaTopHOi
JiarHOCTUKH BipycHuX eHnedanitiB [3]. Bona mo3poinse susiButu BipycHy JJHK a6o
PHK yxe B mepuni roauHu Micjsl TOCHITami3allli Ta XapaKTEPU3YETbCSI BHUCOKOIO
TOYHICTIO. BayKIMBY poJib TaKOXK BiAIrpatoTh MynbTUILIEKCHI [TJIP-nianeni, mo aaroTh
MOXJIMBICTh OJTHOYACHO BU3HAYaTH JCKIJIbKa 30yAHUKIB HelpoiHdekiiii. [le 3HauHo
CKOpOYy€ Yac BCTAaHOBIICHHS JIarHO3y Ta JO3BOJIAE IIBUJIIE PO3MOYATH HEOOXiTHE
JiKyBaHHS [5].

MarHiTHO-pe30HaHCHAa  ToMorpadiss  TOJIOBHOIO  MO3Ky €  HahlOuUIbll
iHQOpMAaTUBHUM METOAOM HelpoBizyamizauii. [[ns repnetuuyHoro eHuedamry
TUTIOBUMHU € 3MIHU y CKPOHEBHUX YACTKaX, CTPYKTypax JIMOIYHOI CUCTEMH, a TaKOX
O3HaKH HaOPSKY Ta TeMOPariuHux ypaxeHs [3,5].

JlonaTKkoBUM METOJIOM OOCTEXKEHHsI € enekTpoeHiedanorpadis, sKa T03BOJIIE
BUSIBUTU JU(DY3HI 3MIHM MO3KOBOi aKTHUBHOCTI, CYJJOMHY TOTOBHICTh Ta XapaKTEpHI
nopymeHHs npu HSV-ennedaniti [3].

[lepcnieKTUBHUM HANpPsIMOM € BHKOPHUCTAHHS MU(PPOBHX TEXHOJOTIM Ta CHCTEM
IITYYHOTO I1HTEJIEKTY MJIs aHali3y pe3ysbTaTiB HEeWpoBi3yalisallii, MPOrHO3yBaHHS
nepediry 3axBOpIOBaHHS Ta PAHHBOTO BUSBIICHHS MATOJOTTYHUX 3MiH [5].

He3Baxatouu Ha cyyacH1 MOKIIMBOCTI MEAUIIMHU, cMepTHICTH Iipu HSV-Ta VZV-
eHuedanitax 3anumaerbess Ha piBHI 5—20%, Toml sk Oe3 JIIKyBaHHS TepreTHYHUN
eHuedamT mMoxe Maru JetanbHICTh 10 70% [2,4]. [loBHe BigHOBIEHHS (DYHKIIIHA
HEPBOBOI CUCTEMHU CIIOCTEPIraeThCs HE y BCIX marieHTiB. Cepea BiAgaIeHUX HACTIIKIB
HaW4acTIIe BUSBISIOTh KOTHITUBHI TMOPYIICHHS, 3HMKCHHS IaM STi, EMJIENCIio,
adasito, eMOIIiiTHI po3Nau Ta BTpaTy nparne3natHocTi [4]. dns Ykpainu s npobiiema
TaKOX 3aJMIIAETHCS AKTYaJbHOIO Yepe3 MOMIMPEHHS KIIMIOBHUX 1HQEKIN y AesTKUX
perioHax, HepIBHOMIPHY JOCTYIHICTh Cy4acHOi HelpoBizyanizalii Ta HeOOX1AHICTb
YAOCKOHAJIEHHS MapIIPyTU3allii TSHKKUX MMAIlI€HTIB.
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BucHoBku. BipycHi eHieaniti € TSKKAMU 1HQEKIIHHIME 3aXBOPIOBAaHHIMH, SK1
CYIPOBOJIKYIOTBCSI BHCOKHM PH3MKOM CMEpPTHOCTI Ta i1HBamiau3amii. Haioiiasm
1HGOpPMATUBHUMU METOAAMH PaHHbOI JIarHOCTUKM 3anuinaroTees [1JIP mikBopy Ta
Mar”iTHO-pE30HaHCHA Tomorpadis TOJIOBHOTO MO3KY. Buxopucranus
MYJIBTUIIEKCHUX TECT-CHCTEM 1 Cy4YacHUX IU(POBUX TEXHOJOTIM BIIKpHUBAE HOBI
MOXJMBOCTI  JUIsl  JIarHOCTHMKUA  HeWpoiHdekmiii. CpoeyacHe MpU3HAYCHHS
IPOTHUBIPYCHOT Teparii Mpu Mia03pl Ha TeprIeTUUHUM eHIedaIiT 3HauHO TOKpaIlye
nporHo3 [2,4]. [loganemmii po3BUTOK Cy4aCHOI MEIWMLMHU CIPUATHME 3MEHILIEHHIO
JICTATBHOCTI T YACTOTH TSHKKUX HEBPOJIOTTYHUX HACITIJIKIB.
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MPEHATAJILHUHU PO3BUTOK 3ABUTKOBHUX SIJIEP
JJIOAUHU: MOPOOMETPUYHE JOCJITKEHHSA

JlonaTtkina Okcana IlaBaiBHa,
Ph.D., cr.Buknanay kadeapu aHaTomii JTHOIUHA
BinHunpkuii HarlioHaTbHUN MeTUYHUM yHiBepcuTeT iM. M.I. ITuporosa

I'anynko I'anna MuxauJiBHa,
K.MEJI.H., JIOICHT Kadeapu aHaTOMIT JTIFOAMHH
BinHunpkuii HarlioHanbHUN MeTuuHUM yHiBepcuTeT iM. M.I. ITuporosa

Jam3sin Oabra CepriiBHa,
ACHUCTEHT Kadeapu aHaToMIl JIOJIUHU
Binnunpkuiil HarlioHanbHUN MeTUIHUMA yHiBepcuTeT iM. M.1. ITuporosa

CayxoBHil aHaii3aTOp € CKJIAJHOIO CEHCOPHOI CHCTEMOIO, (PYHKIIIOHYBaHHS
AKO1 € OCHOBOIO JIJIsl €(DEKTUBHO1 Opi€HTAllll Y MPOCTOPl Ta KOTHITUBHOTO PO3BUTKY
auTuHA. POopMyBaHHsS OpraHy CiyXy — L€ OaraToeTamHuil Hpollec, 10 Ma€ pi3He
eMOpiOHaJIbHE MOXOJKEHHS: BiJl BYIIHOI IUIAKOAW (OTOLMCTH) JJI BHYTPIIIHHOTO
ByXa J0 TMOXIHUX TJOTKOBUX KHIIEHb Ta AYr ISl CTPYKTYp CEpEeIHBOTO Ta
30BHIIIHBOIO Byxa [4]. Bucoka ckiagHICTh aHaTOMIYHOI OyZ0BH ByXa poOUTH HOro
Bpa3JIMBUM JI0 IOPYIIEHb HAa OyIb-sIKOMY eTarli oHTorenesy. OcobauBe 3HaUEHHS Ma€e
LJTICHICTh 3aBUTKOBOTO HEpBAa Ta CTPYKTYp CTOBOypa MO3KY, 30Kpe€Ma 3aBUTKOBHUX
anep. [lomkomkeHHs 3aBUTKOBHX SEp Ha PaHHIX €Tamax BHYTPIIHbOYTPOOHOTrO
PO3BUTKY HE JIMILIE YHEMOXKIIUBIIIOE COPUUHSTTS Ta 00pOOKY 3BYKOBOI iH(pOopMallii, ajne
H cTBOprOoEe MOP(QOJOTiuHEe MIATPYHTS [JIs CIYyXOBOi HeEHpomarii, NOpyLIylHoud
(dhopMyBaHHS HEHPOHHUX JIAHIIIOTIB Y CTOBOYp1 MO3KY [2].

[TopyiieHHs ciiyXy 3aIMIIAETHCS OJHIEI0 3 HANMOIIMPEHIINX CEHCOPHUX Baj Yy
CBITOBIM TOMYJIALIi, 30KpeMa cepes MiTeld. B eTioNorivHiil CTpyKTypi BPOKEHO1
npuriyxyBarocti aedinmut 3aButkoBoro Hepsa (/I3H) mocimae 3naune wmicie, 110
3YMOBIIIOE HEOOXITHICTh yJOCKOHAJEHHS METOAIB JIarHOCTUKH Ta CTpaTerii
peabimrarii [3]. B ymoBax BoeHHOTO cTany B Ykpaini mpoOiema HaOyBae 0cOOIUBOT
akTyaibHOCTI. [IpiopuTeTHUMU 3aBJaHHSAMU € 3a0€3MEUEeHHS] PAaHHBOTO CKPUHIHTY Ta
pOo3po0Ka HAIllOHABHUX MPOTOKOJIIB peaduiTallii, 3aCHOBAaHUX Ha PETPOCTIEKTUBHOMY
aHai31 ayA10JOTTYHUX Ta MOPGOJIOTiYHUX AaHuX [1].

MeToro  JOCHIJIKEHHST € BUBYEHHS 3aKOHOMIpHOCTEH MOp(}OI0TiyHOro
J03piBaHHS 3aBUTKOBUX sijiep IUIOJIB JIOJUHU B MpeHaTalbHOMY nepioAil. OTpuMani
pe3yabTaTH 103BOJISATh BUBHAUUTU NIEPI0IM HAHOUIBII IHTEHCUBHOTO POCTY, TUHAMIKY
IIUTOAPXITEKTOHIKU Ta BCTAHOBUTH KPUTHYHI €Tarmu (JOPMyBaHHS OpPraHy CIyXy.

O0’exTOM gociipkeHHs ctanu 12 mmoaiB moguau 9-10, 11-12, 14-15, 17-18,
20-21, 22-23, 25-26, 28-29, 31-32, 34-35, 37-38, 39-40 tuxHiB recraumii (0e3
natosioriii [{HC), otpumanux 13 meauunux 3akianiB M. Bigauii. Marepian Oyio
po3noaiieHo Ha 12 BIKOBHUX TIpyI, IO JO3BOJWIO HPOCTEKUTH JAUHAMIKY
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MOP(}OIOTIYHUX 3MIH 3aBUTKOBHX SJI€p MPOTATOM MPEHATATIBHOTO PO3BUTKY.
Bepudikariro rectamifHoro TepMiHy OyJIO MPOBEACHO MIIIXOM KOMILJIEKCHOTO
aHai3y MacH Tiia, TIM THO-KyIIPUKOBOI JIOBKMHU Ta aKyIIEPCHKOTO aHAMHE3Y.

®parmentu mMocta ¢ikcyBaid y 10 % HelTpasbHOMYy po3uMHI (GopMatiHy Ta
3JIMBAJIM B 1IEJOTAMHOBI OJIOKK. BUTOTOBIEHHS CepiiHUX 3Pi31B TOBIIMHOKI §-9 MKM
NPOBOJWIN y TOPU3OHTAIBHIN IJIOIMIMHI B3JIOBXK OCHOBHOI Oopo3Hu MocTta. s
TICTOJIOTIYHOTO aHalli3y 3acTOCOBYBalM 3a0apBJICHHS TeMAaTOKCHJIIH-€03UHOM Ta
TOJNyIAMHOBUM cHHIM (32 Moaudikamiero Hicemst). JlocmimkeHHs MPOBOAWIN 3a
normoMororo Mikpockorna Euromex iScope (xkamepa Euromex DC. 1359 F 100).
MopdomeTpryHi mapamMeTpu 3aBUTKOBHUX SiA€p BH3HAYAIHM METOJOM KOMII FOTEPHOI
ricToMeTpii 3 BAKOPUCTAaHHSAM IporpamHoro 3abe3neueHus ToupView.

JlocnmipKeHHsT TPOBENECHO 3 JOTPUMAHHAM €THUYHUX HOpPM [ 'enbCIHCBhKOI
nekinaparii (2008), sumor GCP (1996) Ta KonBeHIlii npo 3aXuCT MpaB 1 T1IHOCTI
moauau (1996).

TomorpadgiyHO 3aBUTKOBI sapa JIOKATI3YIOThCS Yy JaTepaibHIA JUISHII
MPUCIHKOBOIO MOJIs, € MPOTATOM MPEHATAIIBHOTO NEPI0ly BOHU MEPETBOPIOIOTHCA 3
HeauepeHIiioBaHoro MophodyHKIIOHATHFHOTO KOMILIEKCY Ha YITKO BepU(IKOBaHY
OBaJIbHY CTPYKTYpPY. AHAJI3 TUHAMIKW BUSBUB MIPOTrPECUBHE 301IBIIICHHS TUIONT SiACp
13 BUPOKEHUMH TepioJlaMu IHTEHCUBHOro pocty B 11-12, 25-26 Ta 34-35 TuxHIB
BHYTPIIIHBOYTPOOHOTO  po3BUTKY.  HaiiOumemry — akTuBHICTH — gudepeHIianii
3adikcoBaHo y BiKoBUX Ipynax 20-21 ta 22-23 THXHIB, 110 NPOSBISAETHCA CYTTEBUM
3pOCTaHHSAM IIMTO- Ta KaPIOMETPUYHUX MOKA3HUKIB Ta CYIMPOBOIKYETHCS MEPEXOIOM
HEHpOHIB Bl ManogudepeHIiioBaHUX KyJIacTux ¢GopM 10 MNOdIMOpPHUX —
O00YKOMOAIOHUX, OKpPYIJIMX Ta BUIAOBXKEHUX. Y BikoBoI rpynu 39-40 THXKHIB
(dhopMyBaHHS 3aBUTKOBHX SJI€p 3aBEPIIYETHCS Ta JIOCATAETHCS CTaAOLIBHICTD
tonorpadii i BUCOKHI cTymniHb MOP(}O(YHKIIOHATBHOT 3pUIOCTI, U0 CBIAYUTH PO
MMOBHY TOTOBHICTh apEpEHTHUX HEUPOHIB CITyXOBOTO MUISIXY 10 CIIPUHAHATTS 3BYKOBUX
CUTHAJIIB Bipa3y MicIisi HAPOJHKEHHS.

TakuM YHUHOM, TIPOBEACHE KOMIUIEKCHE JOCHIKEHHS MOPHOMETPHUUHUX
XapaKTEPUCTUK 3aBUTKOBUX SA€p y IUIOAIB JIIOJUHU B TpPEHATAIBHOMY TEPioJl
3acBIUy€ HEPIBHOMIPHUHM, aje TOCHIJOBHUN TMpPOIEC IiXHHOTO PO3BUTKY, IO
3abe3neuye hopmyBaHHS MOP(HODYHKIIIOHATBEHOT 3p1JI0CTI CIYXOBOTO aHajIi3aTopa 110
MOMEHTY HapOJKEHHsA. BcTaHOBIEH! eTanmu HAWOUTbII 1HTEHCHMBHOI CTPYKTYpPHOI
mudepeHianli Ta OpUpPOCTY LMUTO- W KaplOMETPUYHUX TMOKAa3HUKIB, 30Kpema y
JIPYTrOMYy TPUMECTPI, € KPpUTHYHUMH ISl PO3BUTKY CITyX0BOi cucteMu. OTpuMaHi aHi
PO3IIMPIOIOTh YSBJICHHS TPO TpEHATAIbHUN HEHPOTreHe3 JIIOJWHU Ta CTBOPIOIOTH
dbyHIaMEHTaIbHY OCHOBY IJisl BIOCKOHAJCHHS MPOTOKOJIB PaHHBOI MiarHOCTHKH,
MOHITOPUHTY Ta peadiliTallii NOpYyIIeHb CIYXYy B AUTSIYOMY BIIIL.
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BATTHAJBHUU MIKPOBIOM SIK KJIIOUOBUU
PET'VJISATOP NEPCUCTEHIII BIIJI TA PO3BUTKY CIN

JIssmenko OJbra AmartoJiiiBHa
K.ME/I.H., JTOIECHT
XapKiBChKHMM HAIllOHATLHUM MEIUYHUN YHIBEPCUTET

AkcboHOBa AHacracis CepriiBHa
3100yBay OCBITH
XapKiBChKHMM HAIllOHATLHUM MEUYHUIN YHIBEPCUTET

IOpoBa Anna AnapiiBHA
3100yBay OCBITH
XapKiBChbKHI HAIIIOHAIbHUNA METUYHUN YHIBEPCUTET

AKTyaJIbHICTb. AKTYaJIbHICTh JIaHOI TEMH 3yMOBJIEHa JOCHUTh BHCOKOIO
MOIIMPEHICTIO Bipycy namnigomu aroaunu (BI1JI) cepen »kiHOK penpolyKTUBHOIO BIKY.
BILJI Bizirpae mpoBiiHy poJib y PO3BUTKY IIEPBIKAJILHOI IHTpaCMiTeN1adIbHOT HeoTIa3ii
(CIN) 1 paky mMiiKd MaTKH, OCOOJIMBO 3a YMOB TPUBAJIOT MEPCUCTEHINT 1HQEKIII].
Bonnouac Bimomo, 1o He Bci Bunaaku BIUI-indekmii nporpecytots g0 CIN, 1ie Ham
BKa3ye Mpo Te, IO A0JATKOBI MOIU(DiKyI0Ul (paKTOpH BIAITPAIOTH TEXK BAXIUBY POJIb
y upoMy npoueci. Ha cboroiti nepcneKTMBHUM HANPSIMKOM AOCIIKEHb € BUBUCHHS
BariHAJILHOTO MIKpOOiOMYy $IK TMOTEHIIHHOTO MoaudikaTopa PHU3UKY, 30Kpema
nominyBanHs Lactobacillus-acomiiioBanux TUMiB MiKpOO1OTH HAYKOBIIl TTOB’ A3YIOTh 13
eniMiHall€e Bipycy Ta 3HMKEHHSIM pu3uky CIN, Toai sk nuc0io3 HaBmaku Oyne
COPUATH XpoHi3amii 1H(EKIii Ta MNpOrpecyBaHHIO HEOMIACTUYHUX IMPOLECIB.
BuBuenHst MikpoOioMy SIK TMTOTEHIIIHHOT TEparneBTUYHOI MillIeHI BiAKPUBAaE€ HaM HOBI
MOXJIMBOCTI JIJI1 TPOQIIAKTUKA Ta 1HAWBIIYaTi30BaHOTO IIIXOAY 10 BEJICHHS
MaIl€HTOK.

Mertow Hamoi poOoTH Oyno 3’siICyBaTH pPOJb BariHaJbLHOTO MIKPOOIOMY SIK
KJIFOUOBOT'O PETYJISITOpa MepcucTeHIlii Bipycy namnigomu atoaunu (BI1JT) ta nociaiauTu
HOTO0 BIUIMB Ha PO3BUTOK IEpBiKaIbHOT iHTpaemiteniansHo1 Heorasii (CIN), 30kpema
OLIIHUTH B3a€MO3B’5130K Mk Tunamu MikpoOiotu (Lactobacillus-nomiHaHTHUMU Ta
IUCOIOTUYHUMU CTaHamu) 1 pu3ukoM mporpecyBanHsi BIUUI-indexuii qist Toro abu
BUSIBUTH HOBI M1JX0IU /10 TPO(PIIaKTUKHU Ta 1HIUBIAYJIBHOTO JIIKYBaHHS.

Martepiaan Ta Mmetoau. byno mpoBeeHO MOIIYK Ta aHalli3 Cyd4acHUX HAyKOBHUX
myOJTiKaIii, KJIIHIYHUX HACTAHOB 1 IPOTOKOIIB, sIKI OyJIM MPUCBSYEHI BariHaIbHOMY
MIKpOOioMy Ta HOT0 poJil y mepcucTenuii Bipycy naminomu goaunau (BI1JT) 1 po3Butky
HepBiKaibHOI 1HTpaemiTemianbHoi Heorwtazli (CIN) y JKiHOK, 3 akIEHTOM Ha
JOCIIKEHHSX 3a ocTaHHi 3 poku [1-8].

PesyabtatTu Ta  oOroBopeHns. CyyacHI METareHOMHI  JIOCHII>KCHHS
MiATBEPIKYIOTh, IO BariHajibHa MiKpoOioTa, B AKii JoMiHyI0Th Bunu Lactobacillus,
3okpema L. crispatus (tunt CST 1), L. gasseri (tun CST II) Ta L. jensenii (tum CST V),

174



MEDICINE
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW
PARADIGMS

CTBOPIOIOTH CTaOLIbHUI O10XiMiuHMIA Oap’ep, 110 nepemkomkae nepcucteniii BITJI 3a
paxyHOK MIATPUMKH HuU3bKoro pH depe3 BUpPOOJEHHS MOJOYHOI KHUCIOTH Ta
3a0€3IeuyoUn 3aXUCT yepe3 0aKTEPIOMHU 1 KOHKYPEHTHE BUTICHEHHS maToreHis [1].
Amnanoriuno, nani Leon-Gomez ta Romero Bka3yloTh Ha Te, 10 came L. crispatus
3abe3reuye HaHMKY1 TTOKa3HUKU pH 3aBasiku 1HTeHCHBHINA mpoaykiii D-monouHoi
KHCJIOTH, OaKTepiOIMHIB, O10Cyp(aKTaHTIB, 1110 MOKA3aJI0 3HaYHEe 3HKEHHS OHKOT€HA
E6 BILJI [5]. Ha Biaminy Big mboro, posib Lactobacillus iners (CST III) y po3Butky
IIEpBIKAJILHOI HEOoIlIa3ii JOBOJI CynepewinBa, 00 moB’s3aHa 3 BHIMMM pH mixBw,
MEHIIIOIO CTAOUIBHICTIO 1 aJIaNTAIEI0 O TUCOIOTHYHOIO cepeIoBUIa. 30KpeMa, OyJi1o
BHSBJICHO, IO KIHKH 3 JOMIHYBaHHSM L. iners MaroTh 3HAYHO BUIIUH PU3HK IIEPEXOTY
BILI-iadexii B XxpoHiuHy (opMy MOPIBHSIHO 3 TUMH, Y SKUX TIepeBaxkae L. crispatus
[4]. JomaTkoBO, OKpIM OOMEKEHOTO CHHTE3y 3aXHCHHX METaOOJITIB Ta CXHUIHLHOCTI
MOCTYNATUCS MICIEM aHaepOOHUM OakTepisiM MPU HAWMEHIINX 3MIHAX CEepPEOBUIIIA,
110 PO301XKHICTh JOCHIAHUKHA Bautista Ta 1HII MOACHIOIOTH NepeBaxaHHsIM y L. iners
L-MonouHOi KHCIOTH, $Ka HE 37aTHa NpUTHIYYyBaTH curHamizamito YAPI Ta
OHOBJICHHS CTOBOYPOBHX KJIITHH, TUM CAMHUM HE 3a0€31eUy04YH IPOTUPAKOBUIM €(EeKT,
gk D-monouna kucnora [ 1]. Takum 4MHOM, MOYKHA CKa3aTH, 1110 BUI0BA 1ICHTH(IKAITIS
JAKTOOAIWII € ORI BATOMUM MPOrHOCTUYHUM MapkepoM po3BuTKy CIN, Hixk mpocTo
I1ITBEPPKCHHS HASBHOCTI JIAKTO(DIIOPH.

KitouoBUM YMHHUKOM, 110 cripusie 3akpiruieHHio BIIJI y TkaHuHaxX mudKu MaTKu
€ 3poctanHs pH BariHampHOTO cepenoBHIa MoHaA 4,5, IO XapaKTEepHO s
nucoiotuyHoro Mikpodiomy CST IV, ne mepeBakaroTh aHaepoOH1 OakTepii, Takl K
Gardnerella , Prevotella , Fannyhessea vaginae , Sneathia , Megasphaera Tta
Peptostreptococcus [2]. BusiBneHo, 1o Ii MaTOreHd 3MIHIOIOTh BUPOOJIECHHS
MeTa0oJIITIB, @ CaM€ KOPOTKOJIAHLIFOTOBUX KUPHUX KUCIIOT, MIJBUILIEHUN PIBEHb SIKUX
aKTUBYE MPO3analibHi NUISXU, 30UIbITYI04H piBeHb HUTOKIHIB (IL-10, IL-1P, IL-18, IL-
7, MIP-1a, MIP-1pB, IL-8, MIF, TNF-a ta TNF-B) ta kmituaanx (CCR5+CD4+ T-
KJIITUHHA) OlOMapKepiB 3amajeHHs, CTBOPIOIOUM TMPOKAHIIEPOTCHHE CEPEeIOBUIIIE.
OckiJIbKY 3amajibHl [IUTOKIHU 3aTy4aloTh IMYHHI KJIITUHU, SIKI BUBUIBHSIOTH aKTHUBHI
(GbopMH KUCHIO 1 CIIPUSIIOTh OKCHJIATUBHOMY cTpecy Ta nomkopkenHto JJHK [5]. e
MiATBEPIKY€E MeTareHoOMHMM aHami3 Jung DR Ta iHmuMX, SKuii 3a3Ha4ae 1o 1ei mpoiec
XIMIYHOTO TIONIKO/PKEHHS € KPpUTUIHUM, 00 mosierrye noctyi BipioniB BITJI 16 1 18
TUIB 710 OazayibHOI MeMOpaHu MUKW MaTku [4]. BomHowac, mopsa 3 1HAYKIIEO
MAaTOJIOTTYHUX MPOLECIB BIAOYBAETHCS MOPYIICHHS CIU30BOro Oap'epy, 00 HIKIJIUBI
OakTepii BUpOOIAIOTh (hepMeHTH (cianiia3u), Kl pyHHYIOTh 3aXUCHI MYLIMHH, TUM
CaMHUM OTOJIIOIOYM pelenTopu s BipycHoi aaresii [3].Takum 4YHHOM PO3BUTOK
BariHaJbHOTO AMCO103y CYNPOBOJIKYETHCS (POPMYBAHHSIM CTIMKOTO Mpo3anaibHOro
CEPENIOBHIIA, 1110 CIIPHSIE BIDKMBAHHIO BIpyCy, a He HOTO 3HUIIEHHIO.

JonatkoBo, rosioBHUM (hakTOpoM TOro, u Oyne iHdekiis BIIJI nikBigoBana abo
nepeiie y CTajilo MEepCUCTEHINli, € B3aEMOJIsI MIKpOOIOMYy 3 IMYHHOIO CHCTEMOIO
xa3sdida. 3a yMOB quc0103y MPOIleC 3aXUCHUX PEaKIliid MOPYIIyEThCs 1 3anaibHU (GOH
crpusie IMyHHOMY YXWJICHHIO BIPYCy uepe3 JeKiIbKa MEXaHi3MiB: MO-Tepiie, 3a
paxyHOK mpwurHiueHHs T-xinmepiB, 60 onkomporeinu Bipycy (E6, E7) 3HIKYIOTH
perymsmito muTokiHiB (TNF-0) HeoOXigHuX s akTWBAIlli IMyHHUX KJIITHH, Ta
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nopymnyroTh ekcrpecito MHC I, mo pobuts iH(hiKOBaHI KIITUHA “HEBUIUMHUME JIJIS
CD8&+; mo-npyre, uepe3 1 Tak HasgsBHE IMyHOCYTIPECUBHE CE€pelOBHUILE, OO Ii/IBUILICHA
cekpeuis IL-10 1 TGF-B npurHiyye KIITUHHUNA IMyHITET, OOMEXYIOUM 3/aTHICTh
AHTUTEHITPE3CHTYIOUNX KJIITHHH CTUMYJIIOBATH TMpoiidepaiiro T-KIITHH; 1 MO-TPETE,
nuc0103 3MIHIOE IMYHHHH TpoQiib CIW30BOi, CHOPUYMHSIIOUM MacOBE 3ay4YeHHS
CCR5+CD4+ T-kniTuH, K1 MIATPUMYIOTh MapHE 3arajieHHs 3aMmicTh akTuBaiii T-
KUJIEpIB, 1110 JO3BOJISE BIpyCy 3aJIMIIATUCh B OpraHi3Mi 1 YHUKATH 3HUIICHHS [6].

MeTareHOMHI JOCTIIPKEHHSI OCTAaHHIX POKIB MIATBEPKYIOTh, IO TSHKKICTh
TUCIUTa3li MPSIMO KOPEItoe 31 3pocTaHHsIM MikpoOHoro pisHoMaHiTTa (CST IV). Ak
3a3HadeHo B nociimkeHHsax Jung ta Passarelli mpu CIN II-1II coctepiraerbest maiike
nmoBHE BUTICHEHHs L. crispatus anaepoOamm Gardnerella ta Sneathia [2, 4]. I,
BIAMOBITHO, CTAaTUCTUYHO BCcTaHOBJIEHO, 10 CST IV € cunpHIMMM IepeaBICHUKOM
nepcucteniii BI1JI 1 kaHuieporenesy, Hi>K MOOANMHOKI BipyCHI 3Hax1aku [1].

Tox ¢pyHaamMeHTanbHEe PO3YMIHHS POl MIKpOOIOMY B KaHLIEPOreHe31 ajio cTapT
PO3BUTKY MIKpOOIOM-OpIEHTOBaHIM Tepamii, sika BIPOBAIKYETHCS ISl BIHOBJICHHS
IMyHITETY Ta TPOTHO3YBaHHsS pusuKky mporpecyBanHs  CIN. Takox ocobu 3
noMiHyBaHHsM L. crispatus JeMOHCTPYIOTh Kpalily BiJIIIOBI/Ib HA BAKIIMHAIIIIO, 3aBJISIKH
30a71aHCOBAaHOMY IIUTOKIHOBOMY CEPEJIOBHUIIYy Ta TOMEOCTa3y CCIU30BO1 [8].

BucHoBKHU. AHaNi3 MIATBEPIKYE, M0 BariHAJIbHUI MIKpOOIOM TIepecTaB
pO3IIIAIaTUCh sIK TacuBHUM (hoH nepcuctentii BILJI, a ctaB BaroMum nNporHOCTUYHUM
¢daktopom po3Butky CIN. [Juc6io3 tumy CST IV Buctynae npsmMum KopakTopoMm
KaHIlepOoTreHe3y, B TOM uac gk jAomiHyBaHHs Lactobacillus-acoriiioBaHux TuUIiB
MIKpOOIOTH HaBMAKHU MEPEIKOIKAE TPOHUKHEHHIO BIPYCY B HMKY1 IIAPU EMITEIIIO 1
roro 36epexxenHto. Came ToMy MiKpoOiOM-OpIEHTOBaHA Teparlisi Ma€ MOTEHI[1all CTaTH
(GyHAaMEHTOM MPEBEHTUBHOI Teparii PpO3BUTKY OHKOJIOTII.
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YKPATHCHKUH NEPEKJIA I «BOKECTBEHHOI
KOME/Ii» EBTEHA JPOB’SI3KA
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PhD, Associate professor
University of Florence

Beryn. Penerniiisi TBopuocti Jlante B YkpaiHi ctana 00’€KTOM JIOCITIHKEHHS,
MOYMHAIOYN 3 JPYroi IMOJIOBUHU MUHYJOro cTOmTTA. Kinbka IpyHTOBHHX TMpallb
BIJITBOPUJIM €Tamy 3HailoMcTBa 3 10poOkoM JlaHTe, MOYMHAIOYM 3 MEPIIOi BiOMOI
sragku 'y XVIII cromitti, mponorxkyroun XIX cromiTTsiM, 6araTuMm Ha BiATOMOHH,
PEMIHICLICHIIIT, TUTATH, IEPEPOOKH Ta MEpIIl NEPEKITAAN, 1 3aKIHIYI0UH XX CTOMITTSIM,
MMO3HAYEHUM PO3PUBOM PAJISIHCHKOTO MEPIOTY Ta MEPEIYACHOK CMEPTIO (1 MEHILOIO
MIPOIO €MIrpali€r0) I1HTEJIEKTyallB TaK 3BaHOro «PO3CTpUISHOTO BIAPOIKEHHS
YKpaiHCBKOI KyJbTypHu. Sl Maro Ha yBas3i, 30Kpema, BaxkJiuBi gociixeHHs I'. Kodypa
[1], O. dom6porcekoro [2], I. Koctenbkoro [3], a B mi3HimI yacu — YUCICHH] ecei Ta
dbyunamerTanbHy MoHorpadito M. Ctpixu [4], [5], [6], [7], [8]. Lli mparti po3risganm
TaKOX Mepekyaan TBopiB [laHTe, 1110 3’ IBUIIMCS HA YKPATHCBKUX TepEHaX HAIpPHUKIHII
XIX — Ha noyatky XX CTOJITTS, MOYUHAIOUH 3 NMEPEKIIAIIB ACSIKUX TEPIUH MEPIIOi
micHi «Ileknay, 3aiicHeHux IBanom ®dpankom [11].

Amnauni3 giteparypu. Tepauctuit nuisix « boxxecTBeHHOT KOMeiD» 10 yKpaiHCHKOTO
yyuTaya TICHO MOB’S3aHMM 3 MOBHOIO cuTyauiero B YkpaiHi B XIX cromiTri. Sk
ctBepmkye Crpixa [8], okpiM TOro, mo TepuTopia YKpaiHu Oylia MOAUIEHAa MIXK
Pociiicekoro Ta ABCTpPO-YTOpCHKOIO IMIIEPIsSIMH, HEOOXIJTHO BpaxoBYBaTH, IO
Banyecbkuit uupkymnsap (1863) 1, nacammnepen, HactynHuii EMcbkuit yka3 (1876)
(dakTMuHO 3a00pOoHMSIM OyAb-sKI BUAAHHS YKPAiHCHKOIO MOBOIO, BKJIOYHO 3
nepekgagamu, Ta Oyab-ske myOJiiyHe BUKOPUCTAaHHS YKpaiHCbkoi MOBU. Hemunyue,
OUIBII HI’)K MapriHaJbHUN CTAaTyC YKPAiHChKOI MOBH B JIITEPATYpPl HA BC1 YKpaiHChKIN
TepUTOPIi mij BiIanor0 Pociiickkoi iMIiepii MaB HACTIAKOM ii 0OMeXeHEe BUKOPUCTAHHS
SIK MOBHU YCHOTO CIIIJIKYBaHHS HaBITh cepell ocBiueHux cimeit (CTpixa mepepaxoBye cim
ciMel KUiBChKO1 IHTEINIreHIIi, K1 pO3MOBJISUIH YKpaiHChKOI0 MOBOIO) [8]. Came MOBHA
BIIMIHHICTb 3TaJIy€EThCSI OCTAHHIM SIK OCHOBHA PI3HUIISI MK CIPUMHSITTSM TBOPYOCTI
Hante B Ykpaini ta B [lompmi B XIX cromiTTi, siKi B iHmIOMY Oynu 00’€IHaHI
BIJICYTHICTIO He3anexHocTi (iXHI TepuTopli OynMm po3AUIeHI MK KUIbKOMa
JEp>)KaBHUMHU YTBOPEHHSIMHU), KOJIOHIAJBHUM CTaTyCOM, a OTXE, MpPAarHEHHSM 0
cB000M Ta Oa’KaHHAM BU3BOJIEHHS 3 paOCHKOTO CTaHy.

Crpixa nosigomiisie mnpo mnepeknan «llekma» Ta 3HauHOi yacTuHU «Paroy,
BUKOHaHUU Muxanmom [lpan-Xwmaporo. Llga mnpansg, Ha XKanp, 3HUKIA B
apxiBax HKBC micns apemry ii aBTopa, 1 BiJl HEl HE 3aJMILUAIIOCS >KOAHOTO CIIAY,
OKpIM, MOXJIMBO, 1HIUIITY M. Punbcekoro [12].

Sk Oyno BucBiTieHo Kouypom 1 CTpixoro, HACTYIHI 3Ha4yLIl NEepeKIaaalbKi cnpoou
CTalli pe3yapTaroM KoJekTuBHUX 3ycwib [letpa Kapmancekoro ra Makcuma
Punbcbkoro, mo yBiHYaimcs y 1956 poii mepmmM BHUIAHHAM YKPaiHCHKOTO
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nepeknany «llexma». lllomo renesncy Ta aHamizy IIbOTO MEPEKIIATY, CIIJT 3BEPTATUCS
nepenycim no npaip Kouypa [1] ta Ctpixu [8].

Jlo pemakuii Punbcekoro mepekian KapmaHChbKOTO XapakTepu3yBaBCsi BUPa3HUM
JOTPUMAaHHSAM  OpHUTIHATYy, 30KpeMa y 30epexkeHHl (OpMH TEpIUMHU Ta
BIITBOPEHHI kiHOUOi pumu. [IpoTe s ii mepenadi mepekiiaiad 4acTo BJAaBaBCS J0
ACOHAHCIB, JIECIIBHUX Ta rpaMaTUYHUX PUM, a TaKOX JO aKIEHTYyalli, sika 4acTo
BIIXWISIACS BiJ YKpPAiHCBKOTO JIITEPATypHOTO CTaHAApTy, a MOJAEKyId — [0
3aXiTHOYKpATHChKHUX miaiekTu3MiB. I[li 0coOJMBOCTI HEraTWMBHO BIUIMBAIU Ha
PO3YMIHHSA 1, BIAMOBITHO, CIPUHHATTS TEKCTYy, IO OyJI0 MPOJAEMOHCTPOBAHO Yepe3
nopiBHAHHA 1HUUMITY mepmoi micHl «llekma» B mepeknani Kapmancekoro Tta B
penakiii Punbcbkoro [8]. Ha sxanb, penaryBanus PuiabchkuM nepexiaay JBOX 1HITHX
KaHTHK KapMaHCBKOro Ta iXHe mojanplie BUAAHHS Tak 1 HE BIAOYJIUCS.

Meta pociaigxeHHs. Y 11l CTaTTI MU MAaeMO Ha METI MOTJIMOUTH Ta MPEICTaBUTH
ayuTopii aHadi3 MOeTUYHOro mnepeknany «boxecTBeHHOT KoMenli» €BreHa
Hpo06’s3ka (1968 — «Uuctumumey», 1972 — «Paiy», 1976 — noHe BuganHs) [8].
Hpo6’s3k0 OyB yacTuHOO TOro, mo Makcum CTpixa BH3HAYMB SIK YKPaiHCHKHIA
PAASHCHKHUM «KYJIBTYpPTPErepChbKUIl  MPOEKT», TMOB’si3aHUd 3  iMeHeMm [laHTe.
BukopuctoBytoun TepMiHM Cy4acHOi Teopii Mepekiiagy, MU MOTJIM O BU3HAUUTU
nepekiaa Jpo6’si3ka ik CopiIHeHUH 3 0IOMalTHIOBAIBHUM THUIIOM (addomesticante),
ToAi sk nepexiian CTpixu (axuit Oyie mpoaHaai30BaHUM B MOJAIBIIIOMY JTOCIIJIKEHH]),
OMMKUM 10 BIAUYKyBallbHOTO TUNY (straniante) [13], [14]. IIpote 11e Makpomnoi,
SKUW HE CTUTBKHM XapaKTEepU3ye MepeKIagrl B MUIOMY, CKIJTbKA CTOCYETHCS OKPEMHUX
MIIXO/1B, CTpATeriid Ta PilieHb, K1 NepeKIagad MoXKe 10pa3y 3aCTOCOBYBATH.

[Ticns catkyBanHs 700-piuusi Big [HS HApOJKEHHS TMO€Ta JOCTIIKEHHS
TBOpUOCTI JlaHTe y pangHchbKid YKpaiHi npuckopuincs. BpaxoByroun myOmikaiio
3acaJHUYOr0 pociichbKoro nepekinany Muxaiina Jlosuncbkoro nmpuon3Ho 3a 20 pokiB
JI0 TOT'0, HACTaB Yac JJIsl TOBHOI'O YKPATHCHKOTO Mepekiany «boxkecTBEHHOT KOMET1i».
Woro Bumanus mop’s3ame 3 imeneMm €Brena JIpo6’sska (1898—1980). IOpucr 3a
OCBITOI0, aJié TaKOXX MY3HMKAHT 1 TeaTpaIbHUM PEXKHCEp, PEIaKToOp, Mepekanaad
0aratb0X TEKCTIB PI3HUX JIITEPATYPHUX JKAHPIB 1 CTHIIB 13 (PPaHIy3bKOi, HIMEIBKOT,
1CITAHCBHKO1, POCIMCHKOI, MOJBCHKOT Ta iTamichkoi MOB, [[po6’s3k0, 3a CBITYCHHSIM
CUHa, TOYaB IepekiaaaTy meaesp Jlante mie mig yac BiitHU, 10 mosiBu «llexma» y
nepeknani [1. Kapmancbkoro. ['enesuc niporo nepexiamy 0yB BinrBopeHuit Kouypowm i
Crpixoro. Ilepexnan [dpo6’si3ka OyB cipuHATUN K enoXajbHa mojis. OCKIIbKY 11e
OyB mepmmii MOBHUH Mepekiia « UucTunminay, aBTop He MaB TOTIEPETHUKIB, HA TKHX
Mir 6u crupaTtucs. OCKUIBKM MM HE MAaeMO B PO3MOPSKEHHI HOro TEOPETUYHUX
PO3IyMIB PO BJIACHY MEpeKJIagalbKy poOOTy, MU 3MYIII€HI BUBOJWUTH HOTO IMiAXIJ
0e3ImocepeTHbO 3 CaMOTO MEePEKIIay Ta 3 HOTO BUCIIOBIIIOBAaHb, IK-OT, HAPUKIIA, THX,
10 MICTAThCS B Moro pereHsii Ha nepekian «llexna» Kapmancbkoro—Puibcbkoro
[15]. Ilomo mporo mepexmamy [poO’si3ko HapikaB Ha BUKOPUCTaHHS BHUKIIOYHO
KIHOUMX PUM 3 JOTPUMAaHHS OpuriHaiy. Ha ioro aymky, B Takiid MOBI, 5K
YKpaiHCbKa, JIe€ HArojoC € BUIBHUM 1 PyXJIMBUM, BUKOPUCTAHHS JIUIIE KIHOYUX PUM
OoOMEXyBajJo pPHUTMIYHI MOXJIHMBOCTI, CTBOPIOIOYM HAAMIPHY OJIHOMAHITHICTb,
HebakaHy TepenyciM y TeKCTl Ha OaraTo Tucsd BipiiiB. Hacmpasi, sik CTBEpIKyBaB
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Kouyp [1]: «oOuaBa 11l MPUHIIUIIKA PIBHOIIHHI, KOXKEH BHCJIOBIIOE OIHY 3 JBOX
NPOTUJICKHUX, 3/]JaBHA BIACTUBUX MEPEKIaay TEHICHIIM: ofHAa 3 [UX TEHACHIN —
NparHeHHs AKHaNO1IbIe HAOIU3UTH NepEKIaIeHUI TBIP JO 3BUYHUX JJI HAC HOPM, Y
TOMY YHCJI1 1 HOpM BIpIITyBaHHS; 1HIIA — Oa)KaHHS MMOKa3aTH, HACKIJIBKU MOIJIMBO, SIK
BUTJISIIA€ OPUTIHAJ 1, 30KpeMa, KWW HaCIpaBJi BipIll OpUTiHAY, MOKa3aTH Xouda O
IUISIXOM 30€pe)XeHHSI BJIACTMBUX OPUTIHANY KIHOYMX 3akiHdeHb». Ilo cyTi, 11e €
BUPAXCHHSIM JIBOX MPHUHIUIIB, MPO SIKI MU 3TaJyBajd BHILE: OJIOMAIIHEHHS Ta
BiTUy’KE€HHsI, CHOPMYITHOBAHUX OUIBII HIXK 3 JIBA NCCSTIIIITTS 10 Teopm BeHyT1 Ha
Hally JyMKY, Koqyp CIIYUIHO CTBEPDKYE, IO MOHOTOHHICTh 1 OJHOMAaHITHICTb
3YMOBJIEHI HE CTIIBKH KIHOYMMH pPHUMaMH, CKIJIbKA CaMOIO TPHUPOJOI0 BipIia,
YepryBaHHSM B YKPAiHCHKOMY BipIITyBaHHI HAroJOMIEHUX 1 HEHArOJIOMICHUX CKJIAJIIB,
PEryJISIpHICTIO CTPO( (0THAKOBOIO KUIBKICTIO CKJIa/iB) Ta iIHIIUMHU eneMeHTamu. [1sax
70 TOJO0JIAHHA MOHOTOHHOCTI JIEKHUTh Yepe3 MalCTEpPHICTh MOETHUYHOI TEXHIKH,
3HaHHSA OaraTcTBa Ta EKCIPECUBHUX TOHKOIIIB PIJHOI MOBU 1, 3pEUITOI0, 4Uepes
MOCTUYHUM TaJIaHT.

Pe3yabTaTu gocaimkenns. SIkumu € oco0auBocTi nepekianay JApo6’s3ka? [lonpu
MOPSZOK BUJAHHS Ta YACOBUM PO3PUB MK IyONIKAIIEI0 TPHOX KAHTHUK, JUIS IIiICH
HAIIOTO aHaji3y Oyje JOPEYHO PO3TJISAaTH el MepeKiial K €MHe I1iJie, 3BaXKalouu
Ha IUTICHICTh Mmiaxoay mepeknamada. I[o6 mpoBecTH MOpIBHSHHS 3 MOMNEPEIHIMU
nepeKagamMu, BapTo moyatu 3 iHIUmiTy «llekmay.

Dante, Inf. 1, 1-13 Hpo0G’sa3ko, Ilexno. 1, 1-13

Nel mezzo del cammin di nostra vita Ha miBuuisixy cBoro 3eMHOTO CBITY

mi ritrovai per una selva oscura,
ché la diritta via era smarrita.

Ahi quanto a dir qual era ¢ cosa dura,
esta selva selvaggia e aspra e forte,
che nel pensier rinova la paura!

Tant’¢ amara che poco ¢ piu morte;
ma per trattar del ben ch’i’ vi trovai,
diro de I’altre cose ch’1’ v’ho scorte.

Io non so ben ridir com’1’ v’intrai,
tant’era pien di sonno a quel punto
che la verace via abbandonai.

Ma poi ch’i’ fui al pi¢ d’un colle
giunto. ..

A TpanuB y moXMypHii Jiic TyCTHIA,

bo cTexKy BTpaTuB, MJIOIO OIOBUTY.

O, e Bi3bMY CHaru po3noBiCTH

IIpo sic nmucraTuii ek, CyBOpH, TUKUH,

bo »kax Bij 3rajiku mourHa pocTu!

Han
BEJIUKHH,
Anxne 3a Onaro Te, 1110 TaM 3HAMIIIOB,

CMEpPTh  CTpaIlHYy

[ToBiM mpo Bce, 110 B aM’SITh B35IB HABIKU.

HenoOGpe Tsmitto, SIK TOCTaB 11€# CXOB,

bo conHicTh Tak 0BOJIOJI1JIA MHOIO,
Mo 3 meBHOI JOPOTH 5 31UIIIOB.

S onuHMBCH T maropba CTiHOIO,

TIPKIIIANA

BIH

b

OnuHanUSITUCKIAIHUK (€HIeKacuiiald) OpuriHagy rnepeaaHno sMOIYHUM MEHTaMETPOM
13 4YepryBaHHSM >KIHOYMX Ta YOJOBIYMX PUM (KIHOYl PUMHU YTBOPEHI MLUISTXOM
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J0JJaBaHHS OJTHOTO CKJIaay); TOYHICTh pUMYBAHHS BIAPI3HSE 1IeH mepekiaa Bia Bepcii
Kapmancbkoro 1, 0€3CyMHIBHO, MOKpally€e Horo. [HIOW 3HAYYIIO 3MIHOKO OO0
CTHJIIO € BUKOPUCTAHHSI CTAHJIaPTHOI YKPATHCHKOT JIITEPaTypHOT MOBU — SIK CTOCOBHO
HaroJIoCiB, Tak 1 JIEKCUKHU. BiluyBaeThcsi 0coONMBa yBara 0 BiATBOPEHHS JeTajei
OpUTIHAITy, HaNpUKJIaa, Y TepeKaaal amitepaiii «esta selva selvaggia» 3 5-ro Bipma
sk «IIpo smic nmucraruii nei». BogHouac yxe 3 iHIuMNITY «Ilekinay momiTHe 3MIIICHHS
TOHAJILHOCTI IILOTO TMEpeKiIaay B 01K BUCOKOI, ypOUHUCTOI MOBH, Ky MOXHa Oyio O
BU3HAYHTH K CBOTO POJAY IITYYHHA BUCOKUN KJIACHUITU3M, 1110 HE 3aBXKIU BiAMOBiTa€E
ToHy opuriHany. Hampuknaa, mepexman psnaka «dird de Daltre cose ch’i’ v’ho
scorte» sk «[loBiM Tpo Bce, MO B TaM sTh B3SB HABIKM» BUJAETHCS HE 30BCIM
JOPEYHUM, OCKIJIbKA BBOJUTH €JIEMEHT YPOUUCTOCTI Ta MPHUCIIBHUK (Hasiku), sIKi B
OpUTriHaMIl BIACYTHI.

[Ilo cTocyeThbcs TMOTEHIIMHUX TEPEKIAAANbKAX TPYIHOIIIB, SK-OT TEPEKIa
BIpIIiB a00 YaCTHH psAJIKa JATHHOIO, a TAKOX Mepeadya BJaCHUX Ha3B UM (PparMeHTIB
IHIMUMU MOBaMH, J[po0’a3K0 Bijpasy JIEMOHCTPYE 3AaTHICTh 3HAXOAUTH €()EKTUBHI
pimeHHsi. Y «llekni» JaTUHCHKUX CIIB YKpail Majlo — IO CYTi, JUIIE KUIbKa
JATHUHI3MIB, TOAl K Yy «YHCTHIMIN» iX 3HAYHO OUIBINE, BKIOYHO 3 OKPEMHMH
Bipmiamu. JlaTWHOIO, JaBHBOIO MOBOIO BIpH, BHUKIIAJIEHO €BAHTEIbCHKI YPHUBKH,
010J111iH1 macakl Ta MOJIUTBH, 110 1HOI CKJIAJATHCS 3 KUILKOX CII1B, a 1IHOI1 — 3 IIIINX
OJIMHAAIATHCKIATHUKIB. HaBemy KinbKka MpUKIadiB.

[lepmmii TaTUHCHKUI Bipil «HucTuauma» 3yCcTpiyaeTbes y Apyrii micHl, y 46-my
panky: Jante ta Biprumii yce mie nepeOyBaioTh Ha Oepe3l ropu Yucrunumia,
Barar0urcCh, SIKUM IIJITXOM iTH, KOJIM PalTOM ITOMiYal0Th HaA3BUYAHHO SICKPaBY TOUKY,
10 HAOJIM)KAETHhCS 3 BEJIMKOI IMIBUAKICTIO. lle aHren-kepMaHud, SKAW, KUAAOUd
BUKJIMK JIFOACBKUM LIAPCTBaM, JIMIIE CUJIOI0 CBOIX KPWJI 13 BIYHMM Mip’siM (sIKe HE
BUIIAJIA€, SIK Y CMEPTHHX ICTOT), BE/I€ BY3bKUI YOBEH, HACTUIBKH JIETKUM, 1110 TOH HE
3aHYPIOETHCA Y BOAY. Y cepeanHi nepeOyBaroTh MOHA CTO AYIIL, IKUX aHTeJI-KepMaHU4
3i06paB y rupiai Tubpy, mo6 nepenpaBuTH 10 OCTpoBa YHUCTUIUINA; YC1 pa30M BOHU
3atsarytoTh ncajgom «Komu [3paine Buiimos 13 €runty» ([Icamom 113). Tlepuit psimok
rcajaMa, IUTYBAaHHS SIKOTO YIOIIOHIOE AYIII, 110 3JIUINIAI0Th YHCTHIIUIIE, €BpEsM, SKi
BUMIIIM 3 €runty micisa 0araToBIKOBOTO MOJIOHY, y JlaHTe 3BYyYWTh JATHHOIO: «/n
exitu Israél de Aegypto». Jpo0G’sa3k0 mepekiiazae #oro, BAAIOYHACH 0
IIEPKOBHOCJIOB’ STHCHKOT MOBH PYCBKOT peiakiiii (a00 pychbkoi IepKOBHOCIIOB SIHCHKO1),
CIIyLIHO TMPUPIBHIOWYM 11 10 JatThuHU K MoBU LlepkBu (y Bumagky YkKpaiHu —
MPaBOCJIABHOI); MPOTE BIH MEpEeKiIa/iae JIMIIE Mepuri TpU CJIOBa BIpIIA, 3aMIHIOIOYU
1HIIIl TPhOMA KparmKkaMu, HIOM I[bOTO JJOCTAaTHBO, 100 3pO3yMITH, TIPO 110 HaeThes: «B
icxoo0e I3painese...». IIopiBHSIHHS 3 OPUTTHAJIIOM Ja€ I1JICTABU BBAYKATH, 1110 OIYIIICHHSI
Apyroi 4YacTUHM O10diifHOro Biplla € HAaBMHCHHM 1 3yMOBJEHE (HMOBIPHO)
17I€0JIOTIYHUMH, a He (TUIbKHU) BIpIIOCKIadaIbHUMU TTpudrnHaMu. CripaBi, nepexian
MICTUTD JIOJIaBaHHS TIOPIBHSIHO 3 OPUTIHAIOM, TIPO IO CBITYUTH 31CTABJICHHS:
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Dante, Purgatorio, 11, 46-48 Drob’jazko, éyslylyicve, II, 46-48
‘In exitu Israel de Aegypto’ «Bicxooe I3painese...» — Bech Kpai
cantavan tutti insieme ad una voce IIcanMa CBSITOTO CIIIBAaMH CIIOBHSIBCS;
con quanto di quel salmo ¢ poscia scripto. | I 3akiHUMIN, K BEIUTH 3BUYAI.
[16,207]

Hactynne nmooauHoke naTuHCBbKE CIoBO 3ycTpivaerbes y 11 micHi y 37-My psiiky.
W neTwes mpo coBo «quia» y CKiajll CMHTarMu «al quiay, Sikoro 3aBepIIy€eThCs BipI:

State contenti, umana gente, al quia;
ché se potuto aveste veder tutto,
mestier non era parturir Maria. (Purg. 111, 37-39)

[{1 cmoBa mpomosiigie Biprumiid micig toro, sk /lante, He Gavyauu OuIbLIE TiHI
BUUTEJS, CTPUBOXKUBCSA, TOJYMABILH, 1110 TOW HOT0 NOKUHYB. Lle 3aKknuK paaiTid Tomy,
10 HaM JIaHO, 1 HE HAMAraTUcs BUMTH 32 MEXI JIFOJCHKOTO pPO3yMy B MOIIyKaX CyTl Ta
nepionpuurHu peyei. Jlante nocunaerscss Ha oMy AKBIHCHKOTO, 3T1JIHO 3 IKUM 3a
JIOTIIOMOTOI0 PO3YMy JIIOJMHA MOXKE I3HATH quia est Bora, To6To cam daxt Moro
ICHyBaHHS1, aJie He quid est — T00OTO Te, uuM BiH € HacnipaBai. [Ipo0’s3k0 Tak nepeaae
L[}0 TEPLUHY:

Tomy i1 numaiics, JIFOACKKUN poJie, 3 quia!l
SIkOu TH MIT 31MCHUATE CBOT JKIaHHS,
To nonectu He mycuna 6 Mapis. [16, 211]

Hpyruit psaaox (Bipu 38) nuiie npuOIU3HO BIATBOPIOE OPUTIHAI, OCKIIBKUA B HHOMY
HWIeTbCsl TPO «3IIACHEHHS Oa)kaHby», a HE MPO JIIOJAChKE NpParHeHHs «0ayuTh»
(mi3HaTH) CyTh Ta MEpHIONpUYMHY peueid. OdueBuaHO, Oysio O HAA3BUYAMHO Ba)KKO
3HAUTH JBOCKJIAJ0BHI €KBIBAJIEHT 3 HAr0OJIOCOM Ha MEPEJOCTAHHBOMY CKJIa/l, SIKHi OU
puMyBaBcs 31 CIIOBOM «Mapish».

B iHmmx Bumaakax, BCIOIU, A€ 1€ MOXJIUBO, Jpo0’s3ko mnepeknamae JaTUHY
YKpPaiHCbKUMHU 200 LIEPKOBHOCIOB’THCBKMMH BHpa3zamu. Tak, Hanpuknana, y 13-my
psaaky VIII micHi cnoBa «Te lucis antey, 1m0 BiacunaoTh A0 HUUMTY «Te lucis ante
terminumy, SKUM PO3MOYMHAETHCSA JIATUHCHKUW JITYPriiHUN TIMH KaTOJUIBKOI
BEUIPHBOT CIIy»)0u (moBeuip’si), mepenani ik «Ceime muxuily — CIOBaMH, SKUMH
MMOYMHAETHCSI MOJIUTBA BEYIPHHOTO OOTOCTY)KIHHS B MPABOCIABHIA Ta YKpaiHCHKIN
IPEKO-KaTOJUIIBKIH IIepKBax.

[H11 naTuHChKI BUpazu mu 3Haxoaumo y XIX micHi. [lepmnit 13 HUX —y 73-my psaxy,
ne JlanTe, moHHO YBIMIIIOBIIM /10 I’ ITOTO KOJa, 0a4yuTh AYIII CKYMIHUX, K1 3 TIIMOOKUM
31ITXaHHSIM TNPOMOBIISIIOTH 25-i Bipm 118-ro mcanma: «Adhaesit pavimento anima
meay: [[po0’sa3ko nepexiagae Horo BUpa3oM «IIPUJIbITHE ayIa Mos 3eMii» [ 16, 296].
[ToxiOHuM 4yuHOM TpoxXH Aaii, y 99-my psanKy, JaTUHCbKa (paza, sIKOIO TPIIIHMIMA
ckynenb Anpiad V nosigomiisie Jlante, 1mo BiH OyB HacTynHuKOM [leTpa — «scias quod
ego fui successor Petri», — mnepenaHa PYCbKOI II€PKOBHOCIOB’ SHCHKOIO
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MOBOIO: «llempa Hacnionux oux / Anocmona s, gioomo mi 6you» (Tam camo; Kypcus
OpUTIHAITY).

3peniToro, B OCTaHHIH micHI « UHCTHIHINAY Maike 1ijia TepliHa HaBeeHA JIATHHOO
(Purg. XXXIII, 10-12). Cim %K1HOK-YECHOT, 1110 0TOUYIOTh beaTpiue, 3aTATYIOTh MICHIO,
OIIaKYIOUM pyHHYBaHHS €pycalluMChKOTO Xpamy. bearpiue 3iTxae, mogioHo no Mapii
o115 migHKKS XpecTa. Konu cimiB 3aBepiiry€eTbesi, BOHA MABOAUTHCS 1 IPOMOBIISIE, 110
HEeBJIOB31 ii O1IbIIE HE 1M00avyaTh, a MOTIM BOHA 3’ SIBUTHCS 3HOBY, ITOBTOPIOIOUHU CJIOBA
Icyca mig yac TaemHoi Beuepi:

‘Modicum, et non videbitis me;
et iterum, sorelle mie dilette,
modicum, et vos videbitis me’. (Purg. XXXIII, 10-12)

Ocb sik OyJI0 IEpPEKIAACHO 10 TEPLUHY:

«Bu émani i He auoume mere,
I ce enaconto eam s, cecTpu M,
I naxu emani yspume mene» [16]

ABTOp CHYyIIHO MOJAa€ MpsSMUM IpudTOoM 3BepTaHHA, sike y JlaHTe HamucaHe

iTaniiicekoro — «sorelle mie dilette» («cectpu Moi 11t001»), a B epeKIIal — Cy4acHOIO
YKpaiHCbKOIO MOBOIO, 1100 BIJPI3HUTH MOTO BiJ] PEILITH TEKCTY, IO BIJITYHIOE PYCHKOIO
IIEPKOBHOCJIOB STHCbKOIO MOBOI0. HacmpaBai, Bmami ¥ maku — 1€ THIOBI
IIEPKOBHOCJIOB SIHI3MU (110  BIJMOBIIAIOTH  JIATUHCBKUM modicum Ta iterum).
BoxuBaHHS ClOBa «makw» (3HOBY) BUKJIMKA€ HEraiH1 acoliallii 3 MpaBOCIaBHOIO Ta
IPEKO-KAaTOJMUIIbKOIO JiTyprieto (3ragaiite Exmenito: «llaku 1 maku...»). KpiMm Toro,
3aMICTh  3arajlbHOBKMBAHOTO YKPAiHCBKOTO  JI€CIOBA «0a4yWTH», IMepeKIaaad
BUKOPUCTOBYE «3pITW» — OUIBII IMIJIHECEHUH Ta apXaiyHUW TEPMIH, AKUH 11€aTbHO
nacye J1o npopoyoro BuAiHHs bearpiue.
Hapemri, y «Pato» My 3HaX01uMO JIB1 1111 TEPIIMHU JATHHOIO (TI€pIlia TAKOXK MICTUTD
nBa eBpeiichbki cnoBa) y VII ta XV micHsX; BOHUM MaiicTepHO BIITBOPEH1 y CTUII, IO
Harajaye pyCchbKy IepKOBHOCIIOB’ STHCBKY MOBY [16], 408, 449. §l 3ynuHiocs Ha ApyTiid 13
HUX, fKa IlIKaBa THM, 110, Ha BIJIMIHY BIJ IHIIMX IMTAaT, BOHA HE IMOXOJHTH 13
010J11HHOTO KOHTEKCTY 1 HE 3MiIIaHa 3 1HIMUMHA MoBamHu. Li1koM iMOBIpHO, 10 Takui
MOBHU BHOIp 3yMOBJICHHM Oa)KaHHSM MIJKPECIUTH BAXJIMBICTh 3yCTpidl 31 CBOIM
MIPEIKOM — JIFOJIMHOIO0 BUCOKOT MOPaJTi, @ TAKOXK MPAarHeHHSIM TOCHIINTH ITOPIBHSIHHS
MDK TosiBol0 AHxi3a mnepen Eneem B Emisii, onucanoto Biprimiem, Ta mnosiBoio
npamnpazgiga Jlante. Ock sk Kauuarsina 3sepraerbes o lante (Par. XV, 28-30):

«O sanguis meus, o superinfusa

gratia Dei, sicut tibi cui
bis unquam coeli ianua reclusa?’ (Par. XV, 28-30):
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[Tepexnang [lpoG’si3ka 1 TyT mparHe BIATBOPUTH apXxaiuHe 3BYyYaHHS dYepe3
CTHJII3AIl0, M0 BIJUIYHIOE PYCHKOIO IIEPKOBHOCIOB’STHCHKOIO MOBOIO. [Ipote
3arajibHuil ePeKT — y MO€HAHHI 31 3MIHOIO BUCIOBY opuriHany (« [...] A chi, come
a te, furono aperte due volte le porte del Cielo?» — «[...] KoMy, sk T061, nBiui
BITUMHSUTHCS HeOecH1 Opamu?» nepekianaeHo sk «HixTo He 6aunB TOHKWHI HEOSCHUX
Opam 3HOBY BIIYMHEHUX») — BUIAETHCS HE 30BCIM 3a0BUTbHUM. [1op.:

«O kposb mos! O nyuwasn cmokpam
T'ocnoous 6aazooams! Huxmo ooceni
He 3pin omeepcmux naxu 6 nebo epam!» [16]

[HImMIT THD MOBHUX TPYJIHOLIIB NMPEACTaBICHUIN MNepekaagoM ypuBka 3 XXVI
micHl «YucTunumay, Ae po3NOBIAAETHCA MPO 3yCTPid 13 MPOBAHCAIBCHKUM MOETOM
ApnaytoMm Jlanienem (0. 1155 — 6. 1215). Bin OyB nyxe BIJOMUM 1 IIIAHOBAaHUM B
Itami y XVII cromrtri; JanTe mowmimae #oro y VII kono, ne mepeOyBaroTh
XxTUBOCHaBIl. [laHiens OyB MalCTpOM KOMIIO3MIIIHHOTO CTWIO trobar clus, ToOTO
TePMETUYHOTO Ta CKIJIAJTHOTO MOETUYHOTO CTHIIIO, IO TPOTUCTABIIAETHCA trobar leu —
OUIBII MPOCTOMY Ta PO3MOBHOMY CTHJIHO Toe3ii. I'Bimo I'BiHimmern, SKUH Takox
nepedyBae B I[bOMY KOJIi, BKa3ye JlaHTe Ha moera K Ha HalKpaioro MaicTpa piaHoi
MOBH, B)XMBAIOUM BHCIIB «BIpIIl KOXaHHS 1 mpo3a pomaniBy. Komm ['Bininmesnmi
3HUKa€, J[aHTe HAOMMKAETHCS 1O TIHI MUTIIS, KaXy4H, 1110 MparHe J13HATUCSA, XTO BIH
takuil. Tomi Apnayt JlaHienb 3BEpTa€Tbcsl OO0 HBOIO TpPbOMa TEPLHMHAMMU
MIPOBAHCAIBCHKOI0 MOBOIO, 1110 € YHIKAJIbHUM BUNAAKOM (unicum) y «boxecTBeHHIH
komeii» (Bipun 140-147):

«Tan m’abellis vostre cortes deman,
qu’ ieu no me puesc ni voill a vos cobrire.

Ieu sui Arnaut, que plor e vau cantan;
consiros vei la passada folor,
e vei jausen lo joi qu’esper denan.

Ara vos prec, per aquella valor
que vos guida al som de I’escalina,
sovenha vos a temps de ma dolor!». (Purg. XXVI, 140-147)

VY BiaTBOpEHHI KX BipiIiB [{po6’s3k0 HE MaB YKpaiHCHKUX MPEIEACHTIB, Ha K1 MIT
Ou criMpatucs, 1, sIK KOXEH NepeKiaiay, BiH OCTaB nepel BUOOPOM: 3aJUIIUTH BIpIi
MOBOIO OpHUTiHATYy, HAaBIBIIM MEpPEKIaJ Yy NPHUMITKaX, 4d crnpoOyBaTu 3poOUTU
MOETUYHUI MepeKsaa y caMoMy TEKCTi, 0OpaBIIX TaKUK KITI0Y, AKUil OU BiJOOpa3uB y
MOBI MEpeKIIaay AUCTAHIIIO Ta CIIBBITHOMICHHS M1 HAPOJIHOIO 1TAIIHCHKOI MOBOIO
(Bynbrape) [lante Ta nmpoBaHCaIbCHKOIO MOBOIO ApHayTa. [[po0’s3ko oOpaB npyruid
HUIAX, KU, HA HAlly JYMKY, € HalBa)XYMM, 1 MEpeKiaB iX rajluibKo TOBIPKOIO,
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MalO4yd Ha METI BIATBOPUTH IIEPEMOHHE MOBJICHHS, NMPUTAMaHHE APIOHIN MUIAXTI.
Hwxue HaBeieHO MOTO mepeKia:

«BiHmIye maH MeHe B TOHKHX CJIOBaX
I s oxBIT HE Maro 3a odipy.

ApHayT 4, iy 3 MCHEIO B CII03axX
[To BaTpi yuopaImiHix 371X 3yCHIIb,
[To Batpi ciofiBaHp Ha JIMIIHA TUIAX.

A 1110 TacKaBUH MaH /1€ Ha MU
VY BTinUIMBI 1 (haiiHl BUCOYIHI,
To mpoiiry maHa nam’siTaTh Miil OL7TbY.
[16: 335], Purg. XXVI, 140-147)

XapakTepHUMU JUTSI TaJIUIbKO1 TOBIPKHU TYT €
TEPMIHU «BIHIITY€E», «0(dipay, «BaTpay, «(hakHi»y, a TAKOK KOHCTPYKINi y TpPeTii ocobi
aK (opMa moBard 10 CHIBPO3MOBHHUKA: «BIHIIYE TIaH», «JIACKABUN IMaH», KIIPOILY
naHay. [3 Heabusikoro maicTepHicTio [[po0’s3K0 TOYHO BIATBOPUB PUMH Y MPOMOBI
ApHayTa (LIICTh YOJIOBIYUX PUM 1 JIBI KIHOYI), XOUa HE 3aBXKIU HAETHCS NPO TOYHI
puMu («upy / opipy»; «Cib0o3ax / LUISIX»; I / OLIb.

Hacamkinens BapTo BIJ3HAYMTH KUIbKA BIAIUX NEpPEKJIaJalbKUX pIlIEHb Ha
JIEKCUYHOMY Ta (POHETHYHOMY pIBHIX. TakuMm €, HaNpUKIaJ, BiATBOPECHHS IESIKUX
iMeH, niepeaycim Yakko (Ciacco), 1110 03Ha4ae «CBUHS, KabaHy», ajie BogHo4Yac OyJio
3MEHIIYyBaJIbHOIO (opMmoro iMeH Skomo Ta Jlxakomo. Lle mitepatypHe 1M’s
MepCoHaXka, YMI0 ICTOPUYHY MOCTaTh HE Oyjo ileHTHdIKOoBaHO, 1 sikoro Jlanrte
noMmictuB y «Ilexknmo» cepen Henaxep (VI, 34-75). HpoO’s3ko mepemae 1e im’s
YKpaiHCBEKUM «YUBaKajo», 110 MOXOAUTh BiJ] IIECIIOBA «IBAKATH, SKE, SIK 1 «IaBKATH,
o3Havae (30KpeMa) ryyHO JKyBaTH, MPUILUISIMKYIOUU Ty0amu.

Iammi MIPUKIIaIN 3 «ITexmay» — iMeHa Manebpanke (Malebranche)
ta Manakona (Malacoda). Manakona — 1ie ausiBOJ, BUTanaHuii JlaHTe sk BaTamok
Manebpanke («3momnasypiB»), Bataru aeMoHiB, ki y XXI, XXII ta XXIII micHsax
MalOTh CTEKHUTH 32 TUM, 100 TPIITHUKY 11’ SITOTO POBY BOCBMOTO KOJIa — «0apaThepm»
(xabapHUKH), TOOTO OIITYKaHIIi — He BUXOJMIIH 3 KUITy40i cMOJIH. IXHi iMeHa MoKIuKaHi
JaTH SICKpaBe YSBJCHHS TPO TE, SIK BOHW BHUKOHYIOTH CBO€ 3aBJaHHS 3 KaTyBaHHS
rpimiHuKiB. Malebranche nepexnaaeno [po06’sizkom sk «JIuxomnamiBy, a Malacoda,
BIIMOBIAHO, SK «JIMXOXBICT»: OOMIBAa CJIOBa € JOCHTh BIAJIMMH CEMaHTUYHUMU
KaJIbKaMu OpuriHaiiB. BapTe yBaru Takox BiATBOPEHHS IMEH 1HIIUX JAUSBOJIB (BIpILI
118-123), ne mepekiagay Mopa3y HaMaraeTbCs SIKOMOra OJbK4ue «HimiNuTH» 10
opurinamiB: Alichino ta Calcabrina nepeKIaaeH1 BIiJIMTOBITHO
ik «baxypa» ta «Pocoronuis»; Cagnazzo Ta Barbariccia — AK «3Hii
cobako» ta «bopona»; Libicocco tTa Draghignazzo — six «Huxnokpuia» ta «Crapuii
kycakoy; Ciriatto (micns sikoro y JlanTe iie mpuKMETHUK «ikiactuiiy) ta Graffiacane
— BianoBigHO 5K «Ikimo Benpsiue» ta « Tpyto-3miity; Farfarello tTa Rubicante (3a skum
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y JlanTe iie MpUKMETHUK «IIaneHui») — sk «Heoreca» ta «/lypuuit Hoprsaka». 111
npuknanu nepekiaany Jpo6’s3ka moka3zyroTb MOro TBOPUYMON METOA: BIH HE
IPOCTO TIEPEKIaae CI0Ba, BiH IIyKAae KyJbTYypHI Ta (POHETHUYHI 3aMIHHHMKHU, sIKI O
BUKJIMKAJIM y YKpaiHCBKOTO 4yWTaya Ti caml eMoIlli Ta o0pasu, [0 ¥ OpuTiHAT Y
1TaMChKOTO.

HapemwTi, me ogHUM OCOOJMBO BJAJIUM pILIEHHIM € MEpeKsia] KIHYOBOIO
cioBa «stelle» (3opi), SKMM 3aBEPIIYETHCS KOXKHA 3 TPhOX KaHTHK; BOHO O€3/I0raHHO
BIITBOpEHE 3 (POHETUYHOTO TMOTJSAAY CIIOBOCIIONYYCHHSM «30pHI cTem». Tyt
Jpo6’s13K0 3A1MCHUB CHpaBXKHIN BIpTYO3HUH Kpok. Itamiiiceke cioBo «stelle» (3o0pi)
3HAaXOJIUTh CBIM Maike I3epKaIbHUN aKyCTUYHHN BIATYK B YKpaiHChbKOMY «cTemni». Lle
CTBOPIOE €(EKT «IyHH», 10 30epirae My3HKaJbHICTh OpUTIHATY. X0o4a OyKBaJbHE
3HAYEHHS CJIOBA Stelle — 11e «30p1», MEPEKIIaJ] «30pHI CTE» A0JA€ apXITEKTYPHOI Ta
cakpajbHOi Benu4i. BcecBIT mocTae sK BEJIMYHUNA Xpam 13 PO3MUCAHOIO 30psSMU
CTeJIeI0, 10 17€aIbHO BIJMOBIIAE TyXy CEPEHBOBIUHOIO CBITOIISIAY JlaHTe.

Te, mo Jlante 3aBepinye Bci Tpu yacTuHU «Komenin» (Ilexno, Yucmunuwe ta Pati)
CJIOBOM «30p1», CHMBOJII3y€ MparHeHHs JOJCHKOI Tyl IO CBIT/Ia Ta 00KECTBEHHOTO.
Hpo6’sa3ko, 30epirmu 1eil GiHAIbHUM akop]l Yepe3 Taky Baaly (OHETHYHY Mapy,
J03BOJIMB YKPAiHCbKOMY UHWTA4€Bl BIIUYTH Ty CaMy FapMOHII0, 110 i1 y IepLIOKepeni.

BucnoBku. Ha 3aBepiienns, nepexian €srena J[po0’si3ka — Meprivil moBHUN
yKpaiHChbKuil nepeknal «boxecTBeHHOI komenii», 1m0 modayuB CBIT, — CTaB, K
3ayBaxuB M. CTpixa, «3HAUHUM SBHILEM YKPaiHCHKOTO MHCHMEHCTBA, BEPIIHHOIO
YKPaiHCBKOTO PaISTHCHKOTO «JaHTOBOrO MpoekTy» [8]. o nosiBu nepeknany Crpixu,
a TakoX 1 MICAs Hel, caMme LS Mpaus CiyryBaja JDKEpeslIoM s HIKIJIBHUX Ta
YHIBEPCUTETCHKUX AHTOJOTIN 1 3arajoM ajisi Oynb-sIKOrO YKpPaiHChKOTO IIUTYBaHHS
BipmiiB Ta (parmeHTiB «boxectBenHoi komexii». Y 2001 poui nepeknan Oys
nepeBuaHui 0e3 3MiH XapKIBCbKUM BUAABHULTBOM «D0OJ10» B MEKAX MACIITAOHOTO
JIEp’KaBHOTO TMPOEKTY 3 MIATPUMKM BHUIAHHS IIEIEBPIB CBITOBOI JITEpaTypu B
YKpalHChbKUX Nepekiiafax. 3HaYeHHs [[bOT0 NEePeKIaay BaXXKO NEPEOIIHUTH, TOXK BIH
cTaHe 00’ €KTOM MOJAJIbLIIOTO JOCIIKEHHS.
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ETHOYPBAHOHIMHU B TOHHOHIMIYHOMY ITPOCTOPI
MICT YKPATHU: CTPYKTYPHO-CEMAHTHUYHUMN 1
JIHM'BOKYJIbTYPHUM ACIIEKTHU

Jlaxno HaraJjis BajeHTuHiBHA

KaHauaaT G1I0JIOTTYHUX HAYK, JOILICHT,

JOLIEHT Kadeapu yKpaiHChbKOI MOBU

KuiBcrkuit ctonnunuii yHiepcuteT iMeHi bopuca ['pinuenka

AKTyanbHICTh JIOCHI/DKEHHS €THOYPOAaHOHIMIB 3yMOBJIEHA 1HTEHCHBHUMU
TpaHchopmallisiMd TOMOHIMIYHOTO MTPOCTOPY YKPAIHCHKHX MICT YIPOAOBXK OCTaHHIX
JNECATUIIITh, 10 B1JIOYBAaIOTHCS B KOHTEKCTI JIEKOJIOHI3AUIMHUX 1 JepycudikamiitHux
MIPOILIECIB, a TAKOXK MEPEOCMHUCIICHHS ICTOPUYHOI IMaM’ATi. 3a [UX YMOB YpOaHOHIMU
(GYHKIIIOHYIOTh HE JIMIIE SIK 3aci0 MpOCTOpoBOi ieHTU(iKallli, a SK BaKJIUBUN
KOMIIOHEHT JIHTBICTUYHOTO KOJy MicTa, AKUH (DIKCYye ICTOPUYHI KOHTAaKTH,
€THOKYJIbTYPHI B3a€MO/Iii Ta I[IHHICHI OPIEHTUPHU cycHiabcTBa. OcoOMBe Miclie B 1l
CUCTEMI MOCIIal0Th ETHOYPOAHOHIMH — HAa3BH BHYTPIIIIHBOMICHKUX 00’ €KTIB, yTBOPEHI
B1Jl €THOHIMIB (Ha3B HAPO/IiB, €ETHIYHUX TPyn ab0 IMJIEMEH) 1 CpsMOBaH1 Ha (hiKcalliro
icTopuyHOi, AemorpadigyHoi abo CHUMBOJIYHOI MPHUCYTHOCTI MEBHOTO Hapoay abo
HaIllOHAJIBHOCTI.

He3Baxatoun Ha HasBHICTh Mpalb, NpucBsiueHnx ypoanonimii (K. M. Anapouryk
[1], I. b. T'upuu [2], I. M. Kene3usax [3], O. M. KpaBuenko [4], O.b. Herep [5],
O. M. Parymnsx [6], H. M. CaBuyk [7], A. A. Tutapenko [8], O. M. Tumenko [9],
M. M. Topuuncekuii [10], JI. O. Vaosenko [11], P.MH. fuxis [12] Ta in.),
€THOYpPOAHOHIMH 3/1€01IbIION0 HE CTaBad OO €KTOM CIEUIAIbHOTO aHali3y, 10
3YMOBIIIOE MTOTPEOY iX CHCTEMHOTO BUBYCHHS.

Marepian AOCHiKEHHST 3acBiuye, IO €THOYpOaHOHIMU (YHKIIOHYIOTH Y
OUTBIIOCTI BEIMKUX MICT YKpaiHM, OJIHAK iXHSA KUIBKICTh € BIJIHOCHO HE3HAYHOIO 1
ctaHoBuTh Oym3bko 0,3—0,8 % Bim 3araJibHOro MacuBy ypOaHOHIMIB (3aJI€XKHO Bijl
Mmicta). HailiBuia KoOHIEHTpallisi Takux Ha3B 3adikcoBaHAa B MICTax 13 BHUPA3HOIO

nomieTHiyHOIO icTtopieto — Kwuesi, Opeci, JIbBoBi, UYepHiBusax, Yxkropomdi, Mo
3YMOBJICHO ICTOPUYHHUMH OCOOJIMBOCTAMH iX (POpMYBaHHS SK MYJIbTHKYJIBTYPHUX
LEHTPIB.

KinbkicHuid aHami3z Jae MiJCTaBU CTBEPIKYBaTH, IO JOMIHAHTHY Tpymy
($hopMyIOTh €THOYpOAHOHIMHU, OB’ S13aH]1 3 €BPONEUCHKUMH HapogaMu — 65u3bK0 70 %.

Haiibispin pernpe3eHTOBaHUMH € CJIOB’SIHChKI e€THOHIMH (42 % BiJ 3arajibHOI
KUIBKOCTI). ¥ 0araTb0X yKpaiHCbKMX MICTax 1 perioHax iCTOpUYHO MPOKUBAIN 3HAUHI
MOJIbCHKI TPOMaJIU, TOMY BaroMe MicIle MOoCiIat0Th MOJIbChKI HOMIHAIIIT, TPeICTaBIICH]
BiCIMHaaIIThMa 00’€KTaMM, cepen skux eyia. Ilonvcoka B Kuei, Opeci, JHinpi,
ITonraBi, Cymax, Yxkropomi, I3maini, Kopocreni Tomo. 16 Ha3B MOXOIATH Bij
€THOHIMA VKpainyi, SK-OT eyi. Ykpaincvxka y Binnaumi, Jainpi, 3amopixoki, Kuesi,
PiBnomy, Vikroposi, IBano-®@pankiBcbKy, Mapiynodi, PiBHomy, Xepconi, UepHiBIsX,
KmepuHill TOmo, a TakoX npos. Vkpaincoxkuii y Memitonom. bonarapchkuii €THOC
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3a(pikcoBaHO B Ha3Bax JBaHAIISTH BYJHIlb, 30KkpeMa y JIbBoBi, Mukomnaesi, XapkoBi
ta XKutomupi. [o wi€i rpynu takox Hanexatsb yi1. Yecorxa B Kuesi, gyn. Cepocvka Ta
eyn. Xopeamcoka y JIbBOBI, a Takox 6yi1. binopycoka B Kuei Ta Xapkosi.
[TommpeHicTh TaKUX OJAMHMIIL MOSICHIOEMO TPUBAJIUMHU ICTOPUUYHUMH KOHTAKTaMH,
CIIUJIbHICTIO KYJIBTYPHOTO IIPOCTOPY Ta 3HAYHOIO MPUCYTHICTIO BIJIMOBIIHUX €THIYHUX
TPYII y Pi3HI iICTOPUYHI MTEPIOJIH.

BiguyTtHy yactky (28%) cTaHOBISATH Ha3BU, MOB'SI3aHI1 3 IHIIUMH €BPONIEUCHKUMU
€THOCaMH.

['epmanChKi HapOAH MpeICTaBICHI gy1. Himeyvroro B
['omociiBcbkomy Ta [ledepcbkomy paitonax micra Kuesi, gyn. [llsedcvrkoro B Tlonrasi
Ta HOBITHIMH 8y/1. bpumancokumu B Cymax, XapkoBi Ta JI030Bii.

PomMaHChKHIT ceTMEHT 0XOIUTIOE Oynbeap Ppanyyzvkuil Ta 8yn. Imaniticoxy B Onect,
gyn. Ilopmyeanvcoky Ta 6yn. Mondosceky B KueBi, a Takox 6y Imaniticbky B
Mapiynoni. [llupoko penpeseHTOBaH1 OaNTIMChKI HApOAM, 30KpeMa II€ YHMCIICHHI
gyn. Jlumoscwvki B Jlninipi, YUepHirosi, PiBHOMY Ta nposyn. Jlumoscekuu y Binuauii i
KueBi. ®inHO-yropchbka rpymna IMpeAcTaBieHa e6yi1. Yeopcvkoro y JIbBOBI Ta
gyn. Ecmoncokoro B Kuesi, 3amopixoki, XapkoBi i YepHiBuax. Okpemy rpyimy
dbopMyIOTh TpelbKi HOMiHAIli, SK-0T 6yia. [ peyvka ta niowa Ipeyvka B Oneci,
Mapiynoni Ta XepcoHi. 3a3HaueH1 HOMIHAI[lT KOAYIOTh HE JIUIIE ICTOPUYHUHN PIBEHb, a
i cydacHy 1HTErpalio yKpaiHChbKOTO IPOCTOPY B 3arajJbHOEBPOINEHCHKUI KOHTEKCT.

Oxkpemuii cerMeHT (0113bK0 26%) GOpMYIOTh €THOYPOAHOHIMH, 1110 aNIETIOITh J10
HapoiB KaBka3y Tta Azii. HaliOuib penpe3eHTaTUBHUMU TYT € BIPMEHCBHKI Ha3BH,
30kpema gy Bipmencoka y JIbBoBi, Kuei, Kam’sauui-Iloainscekomy, Yxropoai ta
nposyi. Bipmencokuit B XapkoBi.  ['py3MHCBKMH  €THOC  MpEICTaBJICHUIN
gyn. I pysuncokoro B Kuesi, J{ninpi, Xapkosi Ta npogyn. I pysuncekum B Kpemenuyiii,
a azepOaliKaHChKHUI — oTHOMMEeHHUMH ByuIsiMU B Kuesi ta Xapkosi. [{o nporo x
CEerMEHTY HayiexaTh 8y €speticbka B Oneci, XepcoHni ta bepmani, gyn. Typeyvka B
YepHiBiix Ta OcTposi, a Takox gyi. Anoncvrka y JIbBoBi Ta 8yn. Kopeticvbka B J{Hitpi
1 JIbBOB1. MoTHBaIlisl IMX Ha3B Ma€ KOMITJIEKCHUM XapaKTep, MOETHYIOUU MTaM’ SITh TIPO
ICTOpUYHI J1aClOpy 3 MpOIecaMH CYYaCHOTO MIKKYJIbTYpHOTO miasniory. Hesemuky
qacTKy (4%) CTaHOBJATH HAa3BU, IOB’S3aHlI 3 HApoJAaMH AMEPUKH, HAIPUKIA
eyn. Kanaocoxa B JlHinpi, XapkoBi Ta TepHOmomi, 10 Bi0Opa)kalOTh HOBITHI
TCOTOJIITHYHI OpieHTAIlll Y KpaiHu.

OYHKI[IOHAIBHO BCl €THOYPOAHOHIMHU peai3yloTh KiJbKa THUIIIB MOTHBAIlli, 110
BIJINOBIJIAIOTh PI3HUM PIBHAM KOJyBaHHS iHGopmallii. HalinmomupeHimmM € icTOpuKo-
nemorpadiunuii Tun (50%), 3a sKoro Ha3Ba (PikCcye Miclie NPOoKKUBaHHS a00 A1SITLHOCTI
MEBHOT €THIYHOI TpOMaIn, HaNpuKIaa: eyi. [lonvcoka, 8yn. Bipmencovka, yn. I peyvka
B Opeci, JIbBoBl. KynbTypHO-KOHTaKTHUNA THUN OXOIUIIOE BiJl 28% 1 BigoOpaxkae
€KOHOMIYHI a00 JWIUIOMAaTHYHI 3B’SI3KU: @Y. Himeywvka, e6yn. Jlumoscoka.
CHUMBOJIIYHUHN TUTT MOTHBAITlT CTAHOBUTH 22% 1 penpe3eHTyeE 1/1e0JIOT1YHE KOTYBaHHSI,
MOB’SI3aHE 3 aKTyaJIbHOIO MDKHAPOJHOIO couijapHicTio. Lle sickpaBo BUpakeHO B
HOBITHIX HallMEHYBAaHHSAX, TaKuX SIK 6yi1. Ecmonceka B Kuesi, 6y I pysunceka B
Xapxkosi abo gyn. Kanaocvka B TepHonodi.
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Boanoyac anami3 BHUSIBUB HM3KYy MpPOOJIEMHUX acleKkTiB (yHKIIOHYBaHHS
eTHOypOaHoHiMiIB. [lo-mepie, MOTHBallsl HAa3B TMEPEBAXXHO HE € TPO30POI0 s
Cy4acHOTO MOBIIS, OCKUIBKM 3HAHHSA IIPO ICTOPUYHY MPHUCYTHICTH BIJMOBIIHUX
€THIYHUX TPyI MOCTYNOBO BTPAYAETHCS, L0 MOSICHIOE BUHUKHEHHS CEMaHTUYHUX
nakyH. [lo-npyre, crioctepiracmo ¢pparMeHTapHICTh 1 HECCUCTEMHICTh HalMEHYBaHb: Y
0araTb0X MICTax €THOYPOAHOHIMM MAalOTh MOOJWHOKHM XapakTep 1 He (HOpPMYIOTh
iTicHoi migcuctemu. Ilo-TpeTe, y HOBITHIM TOMOHIMIYHIM MPaKTHIN TMOJACKYIH
BiIOYBA€ThCSA CHMBOJIIYHE TIEPEOCMHUCIICHHS Ha3B 0€3 JIOCTaTHHOTO YpaxXyBaHHS
ICTOpUYHOTO KOHTEKCTy, IO MOXE 3yMOBIIIOBATH PO3PUB MIXK TEPBUHHOIO Ta
aKTyaJIbHOI0 CEMaHTHUKOIO ypOaHOHIMA.

OTxe, €THOYpOAHOHIMH € KUIBKICHO OOMEXEHHM, NPOT€ KOHIENTYyalbHO
3Ha4YyIMM CErMEHTOM ypOaHOHIMiKOHY VYkpainu. IXHsS cTpykTypa 3acBimuye
JIOMIHYBaHHS Ha3B, IOB’SI3aHUX 13 €BPONEUCHKHUMHU HapoAaMH, IO BIAMNOBIAAE
ICTOpUYHUM Ta KYyJbTYPHUM OpIEHTALISIM YKPAiHCBKOIO MPOCTOPY, BOJHOYAC
HasBHICTh Ha3B, MOTUBOBAaHMX ETHOHIMAMH IHIIMX PETIOHIB, BiAOOpakae MIMPOTY
MDKKYJBTYPHUX KOHTAKTIB. Y Cy4aCHOMY MOBHOMY MPOCTOpPI BOHM BHKOHYIOTH HE
JUIIe HOMIHATUBHY, @ 1 CUMBOJIYHY (PYHKIIIO0: O€pyTh ydacTh Yy KOHCTPYIOBaHHI
oOpazy VYkpaiHM SK TOJIETHIYHOTO W BIJKPUTOrO JO0 KYyJBTYPHOTO MJI1ajiory
CYCHIJIbCTBA.

[lepcriekTBM  TOJANBINMX JOCHIDKEHh y0adaeMo B aHadi3l JUHAMIKA
€THOYpOaHOHIMIB Yy Mpoliecax MeperMeHyBaHHS Ta BUBUEHHI 1XHBOTO CHPUNHSATTA
CyYaCHUMH MOBIISIMH.
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CYYACHA JIIHI'BICTUKA TA II JOCJLIKEHHSI

Miropsin Osbra BacusiiBHa
K.(.H., TOIEHT, TONEHT KadeapH aHTIIHChKOI MOBU
UYepHiBelbKUii HalllOHATBHUHN YHIBepcUTeT iMeH1 FOpis deapkoBuya

IHaBaoBuu Tersina IBaniBHa
K.(.H., TOIEHT, TONEHT Kadeapu aHTIIHChKOI MOBU
YepHiBelbkuii HalllOHANBHUHN YHIBepcuTeT iMeHi FOpis PenpkoBrua

CyvacHuil eTanm pO3BUTKY MOBO3HABCTBA IMO3HAYEHWH AKTUBHUM OHOBJICHHSM
HayKOBHX IMIXOIB 1O BUBYEHHS MOBH. AKTYaIbHICTH I11€1 TPOoOIeMaTHKKU 3yMOBJICHA
MOoTpeO0I0 KOMILUIEKCHOTO OCMHUCIEHHS MOBHUX SIBHIIl Y KOHTEKCTI CYCHIJIBHUX,
KYJBTYPHHUX 1 TEXHOJOTTYHUX 3MiH. SIKIIIO TpaauiliifHa JIHIBICTHKA 30CEPEIKyBaIacs
MEPEBAXXHO HAa CHCTEMHO-CTPYKTYpPHOMY OIIMCI MOBH, TO CYy4YacHI HamnpsMH
pO3MIIAIalOTh ii Sk OaraToBUMIpHUN (EHOMEH, TOB’SI3aHUN 13 MHCIICHHSM,
KOMYHIKAIII€10, COIliyMOM 1 1udpoBumM cepepoBuiieM. Came ToMy HUHI 0COOJIMBOTO
3HaUYE€HHAd HaOyBa€ MUKAUCIHUIUIIHAPHUNA XapakTep JIHIBICTUYHUX AOCTIIKEHb, Y
MEKaX SIKUX B3a€EMOJIIFOTh MOBO3HABCTBO, IICUXOJIOTIsI, COII0JIOT1SI, KyJIbTYypOJIOTis Ta
1H(opMaTHKa.

CyyacHuil erTanm pPO3BUTKY JIHIBICTUKH XapaKTEPU3YEThCA TEHICHUIEI 10
y3arajbHEHHS Ta IHTerpauli pI3HOMAHITHUX HANPSAMIB MOBO3HABUMX JOCHIIKEHb. K
3aznavae Omnpra CeniBaHOBA, JIOIIIFHO BUOKPEMITIOBATH JIB1 MPOBIJIHI TTApaJAUTr MU, SIKi
BU3HAYAIOTh CyYaCHUI HAYKOBHM JIMCKYPC: KOTHITUBHY Ta CMHEPTETUYHY. Y Mexax
KOTHITUBHOTO TI1JIX0Ty MOBa OCMUCITIOETHLCS SIK MEXaH13M OIpaIOBaHHs, 30€PEIKECHHS
i mepenaui iHGoOpMaIlii, ToAl AK CHHEPTESTUIHUHN ITIIX1] CIIPSIMOBAaHUN Ha BUBUYCHHS
B3a€MO/Iii MOBHOI CHCTEMH 3 1HIITMMU eJIeMeHTaMu cepeaoBuia [1, c. 32-36].

Ha nyMKy gocmigHHMII, JIHTBICTHKA MOYaTKy X XI CTONITTS MOCTA€E SK MOETHAHHS
PI3HHX TEOPETUYHHMX MIAXOAIB 1 METOMOJOTIYHUX MPHUHIIUIIB, IO 3YMOBIEHO
ITMOOKMMH HAayKOBHMH TpaHC(OpMaIlisIMH TOMEPEAHBOTO CTOMITTA. DopMyBaHHS
HOBUX MDKJIMCUUILTIHAPHUX HANIPSIMIB 1 aKTUBHE BUKOPUCTAHHS JJOCSITHEHb CYyMIXKHUX
HAyK CIOPHUSUIM TOMY, IIO MOBO3HAaBCTBO HAOyJI0 O03HAK KOMIUIEKCHOI HAyKH,
30p1EHTOBAHOI Ha 1HTErpaIlito 3HaHb [1].

Boanouac nporecu riao0anizaiiii HayKOBOrO MPOCTOPY Ta PO3MIMPEHHS TOCTYITY
no i"Hdopmalli COPUAIOTh YTBEPKEHHIO METOJOJOTIYHOTO  IUTIOpali3My i
BIJIKPUTOCTI JI0 PI3HUX JOCTITHUIBKUX MITXO/IB Y Cy4aCHIN JIHTBICTHIIL.

OaHuM 13 HAWOPOAYKTHUBHIIIMX CyYaCHUX IMIAXOMAIB € KOTHITUBHUHU, Yy IIEHTpI
SAKOTO TepedyBae MOBa K 3aci0 pempe3eHTallii 3HaHb 1 MEXaHi3M Mi3HaHHA CBITY. Y
MeXax LbOro MiJXOAY MOBHI OJUHHII PO3TIISIIAIOTHCS Y 3B SI3KY 3 MEHTaJIbHUMU
npolecaMu, KOHIENTyalbHUMH CTPYKTYpaMu Ta Coco0aMu KaTeropu3alii A1iiCHOCTI.
Oco6muBoi yBarn HaOyBarOTh MOHATTSA KOHIENTY, GhpeiimMy, ClieHapito, MPOTOTHUITY Ta
Metadopu sk crocoOy OCMHCIEHHsS peadbHOCTi. KOTHITUBHMI MiAXiT J03BOJISIE
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3’siCyBaTH, IK MOBH1 (JOPMU B110OpakaroTh JIOJCHKUN JOCBIT 1 K Y MOBI (DIKCYIOTbCS
pe3yJIbTaTH MUCJICHHEBOI TISUIBHOCTI [2].

BaxxymBe Miciie nocijiae KOMyHIKaTUBHO-TIParMaTUYHUM MIAX1, SKUH aKIICHTYE
yBary Ha (DyHKIIIOHYBaHHI MOBH B peaJIbHOMY CIIUJIKYBaHHI. Y I[bOMY pasi T0CHiTHHUKA
[[IKaBUTh HE JIMIIE CTPYKTypa BHUCIOBJICHHS, a W KOMYHIKATUBHUN Hamip MOBIIS,
CUTyalll CHJIKYBaHHS, ajpecaT Ta ouikyBaHui edekT. Takuil miaxid aae 3Mory
BUSIBUTH NIPUXOBaHI CMHCIIM, MOBJIEHHEBI CTpaTerii ¥ TaKTHKH, CIOCOOM BIUIMBY Ha
CIIBPO3MOBHHKA Ta OCOOGIMBOCTI peanizaiii MOBIGHHEBHX akTiB. MOro akTHBHO
3aCTOCOBYIOTH IIiJ] Yac aHaJIi3y MOJITHYHOTO, MEIIMHOTO, PEKJIAMHOT0, TTeIaroTi9HOTO
Ta MOOYTOBOTO TUCKYPCIB.

He MeHIn 3HauymuM € IUCKYPCUBHHUM MiAXif, sSIKMW mepenbavae aHaidi3 MOBU B
IIMPOKOMY COLIIOKYJBTYPHOMY Ta 1I€0JIOFIYHOMY KOHTEKCTI. JIUCKypC y cydyacHOMY
PO3yMIHHI IIOCTA€ HE JIMIIIE SIK CYKYITHICTh TEKCTIB, a K (hopMa COL1aIbHOI B3a€MOII,
0 BigOOpa)kae MIHHOCTI, HOPMM, MOJIeNIl TOBEMIHKM W BIJHOCHUHU BIIAJIH.
JIUCKYpCUBHUM aHali3 Ja€ MOXJIMBICT HPOCTEKUTH, SK 3a JIOIOMOIOI0 MOBHU
KOHCTPYIOIOTBCSI ~ 1JIGHTUYHOCTI,  (POPMYIOTbCA  CyCHUIBHI  YSBJICHHS |
TpaHC(HOPMYIOThCSl colliayibHi cMHUCHH. Lle miaxig MHUpPOKO BUKOPUCTOBYETHCS Y
BHUBUYEHHI TOJITUYHOTO, MEIIHHOTO, HAayKOBOTO, IOPUIUYHOTO Ta MEPEKEBOrO
JTUCKYpCiB [2].

OnHUM 13 HalNIEPCIEKTUBHIIINX HAMIPSIMIB Cy4aCHOT'O MOBO3HABCTBA € KOPITYCHUM
MIIX11, 10 IPYHTYETbCS HA BUKOPUCTAHHI BEJIMKUX MACHUBIB TEKCTIB, 310paHUX Y
CHElaJbHO CTBOPEHUX EJIEKTPOHHUX Koprycax. KopmycHa JIIHIBICTHKA J03BOJISE
JOCIIKYBaTH MOBHI SIBUIIIA HA OCHOBI PEaJIbHOTO MOBHOTO MaTepiaily, BU3HAYaTH
YaCTOTHICTh YKUBAaHHS OJMHMUIIb, IXHIO CIIOTYYyBaHICTh 1 AMHAMIKY (QYyHKL1OHYBaHHS
B Pi3HUX THIAX TEKCTiB. Ii mepeBara nonsrae B 06’€KTUBHOCTI, peNpe3eHTaTHBHOCTI Ta
MOXJIMBOCTI MOETHAHHS SIKICHOTO 1 KUIbKICHOTO aHami3y [3]. Sk 3a3Havatorh ToHI
MakEnepi ta Exnpro [Napai, «kopriycHa JIIHTBICTHKA HaJA€ JOCIITHUKAM JTOCTYII JO
BEIIUKUX OOCSTIB aBTEHTUYHOIO MOBHOTO Marepiaiay, IO J03BOJISIE pOOUTH
OoOTpyHTOBaHI y3arajibHEHHS I10J0 (YHKIIIOHYBaHHA MOBW» [4]. BukopucraHHs
KOPITYCIB CHpHS€ MIABUIICHHIO 00’ €EKTUBHOCTI JOCIIKEHD 1 JIa€ 3MOTY TOETHYBATH
KUTBKICHI Ta SIKICHI METOIH aHali3y.

CyTTeBe 3HAUYCHHS Ma€ 1 COIIOJIHTBICTUYHUN MIAX1J, SKUH PO3TJISLIa€ MOBY Y
B3a€MO3B’SI3KY 13  COIIAJIBHUMU YWHHUKaMH. COINOMIHTBICTHKA  JOCIIIKY€E
Bapi1aTUBHICTh MOBJICHHS 3aJIC)KHO BIJ BIKY, CTaTi, OCBITHU, Mpodecii, coliaJIbHOro
CTaTyCy MOBIIIB, @ TAKOX aHaJlI3y€ MOBHY MOJITUKY, IBOMOBHICTb, MOBHY CUTYaIlllO
Ta 0COOMMBOCTI ()YHKIIOHYBAaHHS MOBHM B PI3HUX coullalbHUX rpynax. Lled miaxina
0COOJIMBO aKTyalbHUI y TJI00AII30BAHOMY CBITI, JI€¢ MOCUIIOIOTHCS MIKKYJIBTYpHI
KOHTAaKTH Ta 3MIHIOIOTbCSA KOMYHIKATHBHI MPAaKTUKWA i BIUIMBOM IU(POBUX
TEXHOJIOT1H [5].

Po3BUTOK cy4acHMX TIAXOJIB y JIHTBICTUIN O€3MOCEPENHbO TOB’SI3aHUN 13
BUKOPHCTAHHSAM HOBITHIX METO/IIB IOCIIIPKEHHS MOBHUX siBUTll. Hacammepen inerbes
PO KOMIT IOTEpHY OOpOOKY MOBHHMX JaHMX, sIKa BIJKpUJIa HOBI MOKJIMBOCTI IS
aHai3y BETUKHUX OOCSTIB TEKCTOBOI iH(OpMallli. ABTOMAaTU30BaHE OMPAIFOBAHHS
TEKCTIB, JemMaTHh3allist, MOp(hOoJIOTIYHEe TETYBaHHS, CEMAaHTHYHE MOJICITIOBAHHS Ta 1HIII
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u(poB1 IHCTPYMEHTH 3HAYHO MiJIBUINYIOTh IIBUAKICTH 1 TOYHICTH JIIHTBICTUYHOTO
anamizy [3]. Lleit HanpsiM copMyBaBcsl Ha MEPETUHI MOBO3HABCTBA, 1HPOPMATUKHU Ta
NPUKJIAJHOI MAaTEMAaTUKU W HUHI PO3TJISAAETHCS SIK OJIMH 13 KIFOYOBUX Yy Cy4YacHIN
HayKoBIA mapagurmi. OOpoOka NpUPOAHOI MOBH Ma€ Ha METI CTBOPEHHS
0OYHCTIOBAILHUX MOJIENEH, 3JJaTHUX aHali3yBaTH Ta T€HEPYBaTH JIOJCHKY MOBY [6].
Ile Bu3HayeHHS MiAKpecToe QyHIaMEHTaIbHY pPOJIb KOMIT IOTEPHUX TEXHOJIOTIH Y
Cy4aCHOMY MOBO3HaBCTBI.

HoBiTHi nocsirHeHHs y cdepi MalIMHHOTO HABYaHHS, 30KpeMa BUKOPHCTAHHS
HEHPOHHUX MEPEX 1 METO/I1B IMTMOMHHOTO HABYAHHS, ICTOTHO PO3LIUPUITN MOKIIMBOCTI
aBTOMATHU30BAaHOTO aHaJi3y MOBHUX sBHUII. HeWpoHHI Mepexi 3a0e3meuyroTh
edeKTUBHE MOJIENIOBaHHS CKIAJHUX MOBHUX CTPYKTYp 1 3aJIe)KHOCTEH, IO paHilie
OyJI0O HENOCSHKHUM JJig TpaaulliiHux migxoniB» [7]. Ile mo3Bonsie 3aiHCHIOBATH
BHCOKOTOYHHMI MOP()OJIOTIUHHUM 1 CUHTAKCUYHUM aHalli3, pO3Mi3HaBaHHS MOBJICHHS,
aBTOMATUYHHH MEPEKIal, a TAKOXK CEMAHTUYHE MOCIIIOBAHHS TEKCTIB.

[TommpeHuMu € TakoX METOAM KOHTEHT-aHaJi3y Ta JUCKypC-aHalli3y, SIKl Jal0Th
3MOTYy JOCIIKYBATH He Juiie GopManbHi XapaKTepUCTHUKU TEKCTY, a i HOro 3MICTOBI,
MparMaThyHi Ta 171e0J0T14H1 napaMmeTpu. KoHTeHT-aHami3 cipsMOBaHUM Ha BUSBIICHHS
CMUCJIOBUX OJMHUIIh, TEMATUYHHUX JOMIHAHT 1 YaCTOTHUX MOJIENEH, TOA1 sIK TUCKYPC-
aHai3 pO3KPUBAE MEXaHI3MU TMOPOJKEHHS CMUCITY B KOHKPETHOMY COIIaJIbHOMY M
KyJIbTYpHOMY KOHTEKCTi. [lo€HaHHS IUX METOAIB € OCOONMBO €(PEKTHUBHUM Y
JOCIIKEHH] MEAIaTeKCTIB, MOJITHYHOI PUTOPHKH, PEKIAMHOI KOMYHIKalii Ta
urdpoBOro MoBiIeHHH [2].

BaxxJiiBy poJib y CydacHii JJIHTBICTUII BIAITPAIOTh €KCIIEPUMEHTAIbHI METOIH, SIK1
320€3Me4yl0Th MOXJIMBICTh EMIIIPUYHOI TNEpPEeBIPKM HAyKOBUX rimote3. Jlo Hux
HAJIEeKaTh ACOIIaTHBHI E€KCIEPUMEHTH, OMHUTYBaHHS, aHKETYBaHHSA, TECTyBaHHS Ta
MICUXOJIIHIBICTUYHI METOAMKUA BUBYEHHS CHPUHHATTA, PO3YMIHHS W MPOJYKYBaHHS
MOBJIeHHS. Taki MeTOu Jar0Th 3MOTY BHUSIBJISITU OCOOJMBOCTI MOBHOI CBIJJOMOCTI Ta
3aKOHOMIPHOCTI MOBJICHHEBOT TTOBEIIHKH [2].

[lepeBarm cy4yacHUX TMIiJIXOJIB TMOJSATAIOTh Y PO3IMIMPEHHI aHAJITUYHHUX
MOKJIMBOCTEW JIOCHIJIHUKA, AK€ MOBHE SIBHUILE PO3IIIAJAETHCS KOMIUIEKCHO - 3
ypaxyBaHHSM MOr0 KOTHITUBHMX, KOMYHIKAQTHBHHUX, COILIAJBHUX 1 TEXHOJOTIYHUX
BUMIpiB. KpiM TOr0, HOBITHS JIIHTBICTUKA aKTUBHO MOEIHYE SIKICHI 1 KIJIbKICHI METOIH
aHami3zy, M0 MABUILYE 00’ €KTHUBHICTH pe3yJbTaTiB. llepcrieKTUBU PO3BHUTKY ITI€T
rajxy3i Oe3mocepeHbO TOB’si3aHI 3 IU(POBI3aI€El0 HAyKH, 3pPOCTAHHSIM PO
MDKIUCHUIUTIHAPHUX CTYJIM Ta 1HTErpami€l0 TEXHOJOTIA IITYYHOTO I1HTEJIEKTY B
HAYKOBY MPAKTHKY.

OTxe, cydacHl MAXOAW MOCTIKEHHS B JIHTBICTHIN BIIICPalOTh BU3HAYAJIbHY
pOJIb Y PO3BUTKY MOBO3HABCTBA, OCKUIbKU 3a0€3Meuyr0Th OaraToBUMipHE OaueHHS
MOBU fIK CKJIQAHOTO W JWHaMIYHOTO (heHoMeHa. KOrHITUBHUNA, KOMYHIKaTHBHO-
MparMaTUYHuN, JUCKYPCUBHHUM, KOPITYCHUHM 1 COIIOMIHTBICTUYHHUMA MiTXOINA 3HAYHO
PO3IIMPIOIOTh MEX1 HayKOBOro aHamizy. HoBiTHI Meroau, 30KpemMa KOMIT IOTEpHA
o0poOka NaHWX, KOHTEHT-aHali3, JUCKypC-aHalll3 Ta €KCIIEPUMEHTAIbHI METOJIUKH,
M1IBUIIYIOTh TOYHICTbH 1 TOKA30BICTh JIIHTBICTUYHHX JTOCIIJKEHB. Y TIEPCIIEKTUBI CaMe
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CHUHTE3 TpPAaJUIIAHUX 1 HOBITHIX MIIXOMIB CIPHUSATUME TMOJAAIBIIOMY PO3BUTKY
JIHTBICTUYHUX CTY/IIH.
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DIE ROLLE DES WORTAKZENTS IN WORTERN
FREMDER HERKUNFT IM MODERNEN DEUTSCHEN

Huxudgopenko 1.B.
KanauaaT ¢imonoriyHux HayK, TOIEHT
Onecbkuii HallioHATBHUH yHIBepcuTeT iMeH1 [.I. MeunukoBa

Yeueabuuubka B.C.

Crynentka 4 xypcy 6akanaBpaTy

Onecbkuii HallioHABHUH yHIBepcuTeT iMeH1 [.I. MeunukoBa
bakynpTeTy poMaHO-TepMaHChKOI (is10yIorii

Kadeapa HIMEIbKOT (B17I0JI0T11

Der Wortakzent ist in der germanistischen Linguistik aus verschiedenen
Blickwinkeln analysiert worden, vor allem im Zusammenhang mit der Phonologie und
der Akzenttheorie. Dennoch ist die konkrete Realisierung des Akzents bei Wortern
fremder Herkunft im heutigen gesprochenen Standarddeutsch noch nicht ausreichend
untersucht. Das gilt besonders fiir die Sprache der Nachrichten. Aus diesem Grund
erscheint eine Analyse des Wortakzents in Fremdwortern auf Basis gesprochener
Nachrichtensendungen besonders relevant, zumal die mediale Standardsprache im
modernen Deutschen eine wichtige normsetzende Rolle iibernimmt.

Fremdworter bilden einen wesentlichen und historisch gewachsenen Bestandteil
des deutschen Wortschatzes. lhre Prdsenz im Sprachsystem ist das Ergebnis
langanhaltender sprachlicher Kontakte, die durch politische, kulturelle, wirtschaftliche
und wissenschaftliche Entwicklungen gepriagt wurden. In der germanistischen
Linguistik werden Fremdworter als lexikalische Einheiten definiert, die aus anderen
Sprachen {ibernommen wurden und deren Anpassung an das Deutsche in
unterschiedlichem MaBe erfolgt. Dabei wird hervorgehoben, dass Fremdworter kein
homogenes Phanomen darstellen, sondern eine Gruppe mit variablen strukturellen,
funktionalen und normativen Eigenschaften bilden. In der modernen Forschung wird
zudem betont, dass die Verbreitung und Integration von Fremdwdortern im heutigen
Sprachgebrauch zunehmend durch digitale Kommunikationsrdume und neue mediale
Praktiken beeinflusst werden [9, S. 311].

Die Ursachen fiir die Aufnahme fremder Lexik in das deutsche Sprachsystem sind
vielféltig. Historische Sprachkontakte, insbesondere unter dem FEinfluss des
Franzosischen im 17. und 18. Jahrhundert sowie des Lateinischen im
wissenschaftlichen Diskurs, trugen zu umfangreichen Entlehnungsprozessen bei [8,
S. 175]. In der neueren Sprachentwicklung spielt insbesondere das Englische eine
dominante Rolle als Gebersprache. Diese Entwicklungen stehen in engem
Zusammenhang mit gesellschaftlichen Verdnderungen und spiegeln sich deutlich im
Wortschatz wider [1, S. 28].

Die akzentuelle Integration fremder Worter ist zudem eng mit Wahrnehmungs- und
Verarbeitungsprozessen verbunden, die bei der Rezeption gesprochener Sprache eine
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zentrale Rolle spielen. Psycholinguistische Studien weisen darauf hin, dass
Sprecherinnen und Sprecher bei der Wahrnehmung fremder Worter bevorzugt auf
bereits etablierte prosodische Muster der Zielsprache zuriickgreifen, da diese eine
effizientere Verarbeitung ermoglichen. Akzentmuster, die den prosodischen
Erwartungen des Deutschen entsprechen, werden in der Regel schneller erkannt,
leichter verarbeitet und als weniger fremd wahrgenommen. Abweichende oder
unerwartete Akzentsetzungen konnen hingegen den Verarbeitungsaufwand erhohen
und dazu fithren, dass Worter als markiert oder nicht normgerecht empfunden werden
[5, S. 2035]. Diese Wahrnehmungsmechanismen tragen dazu bei, dass sich bestimmte
Akzentvarianten im Sprachgebrauch durchsetzen, wihrend andere langfristig an
Akzeptanz verlieren und allmdhlich verschwinden.

Die Frage nach der Norm und der Variation im Akzent fremder Worter nimmt in
der modernen germanistischen Phonologie eine zentrale Stellung ein. Fremdworter
befinden sich haufig im Spannungsfeld zwischen normierten
Ausspracheempfehlungen und tatsidchlichem Sprachgebrauch, was sich besonders
deutlich in ihrer akzentuellen Realisierung zeigt [6, S. 44]. Der Wortakzent fungiert
dabei als sensibles prosodisches Merkmal, an dem sich Prozesse der Normbildung,
Variation und des Sprachwandels exemplarisch beobachten lassen.

Unter sprachlicher Norm wird in der Regel ein kodifiziertes, gesellschaftlich
akzeptiertes Muster verstanden, das als Referenz fiir korrektes Sprachhandeln dient.
Im Bereich der Aussprache wird diese Norm vor allem durch Ausspracheworterbiicher,
grammatische Beschreibungen und institutionelle Empfehlungen festgelegt. Fiir
Fremdworter bedeutet dies, dass bestimmte Akzentvarianten als standardsprachlich
korrekt ausgewiesen werden, wahrend andere als nicht normgerecht gelten.
Gleichzeitig betont die Forschung, dass Normen nicht statisch sind, sondern sich im
Laufe der Zeit verdndern und an den realen Sprachgebrauch anpassen kénnen [2, S.
54].

Die Forschung hebt zudem hervor, dass Variation im Akzent fremder Worter nicht
als Defizit, sondern als Ausdruck lebendiger Sprachentwicklung zu verstehen ist.
Akzentuelle Schwankungen spiegeln Anpassungsprozesse wider, bei denen sich neue
Worter schrittweise in das prosodische System des Deutschen einfiigen. In diesem
Zusammenhang wird betont, dass Variation eine Voraussetzung fiir Selektion und
Stabilisierung darstellt: Erst durch das Nebeneinander unterschiedlicher
Akzentvarianten kann sich langfristig ein dominantes Muster herausbilden [7, S. 9].

Englische Lehnworter bilden eine zentrale Gruppe innerhalb des
Untersuchungskorpus und spiegeln die bedeutende Rolle des Englischen als wichtigste
Donorsprache im modernen deutschen Sprachgebrauch wider. Dies gilt insbesondere
fiir den gesellschaftspolitischen und medialen Diskurs, in dem zahlreiche Begriffe
englischen Ursprungs verwendet werden. Die Analyse des Untersuchungskorpus zeigt,
dass die akzentuelle Realisierung englischer Lehnwdrter im gesprochenen Deutsch
durch unterschiedliche Integrationsgrade gekennzeichnet ist und sowohl die
Beibehaltung des urspriinglichen Wortakzents als auch verschiedene Formen der
Anpassung an deutsche Akzentstrukturen umfasst.
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Ein  charakteristisches = Merkmal vieler englischer Lehnworter im
Untersuchungskorpus [3] ist die Beibehaltung des urspriinglichen Wortakzents,
insbesondere bei Begriffen, die eng mit internationaler Kommunikation und modernen
Medien verbunden sind. Ein dhnliches Muster zeigt sich auch bei anderen englischen
Lehnwortern, die im medialen Diskurs hdufig verwendet werden. So wurde im
Sprachmaterial das Wort Freelancer im Kontext ,, Wenn das heute hier klappt, kénnte
das mein erster Freelancer-Job sein“ [4] mit der Akzentstruktur/ fgi:lense/ realisiert.
Auch hier liegt der Wortakzent auf der ersten Silbe, was mit der englischen
Standardaussprache iibereinstimmt. Ebenso wurden die Worter Marketing und Comedy
im Satz ,, Vielleicht konnte ich in Richtung Marketing gehen, dazu ein bisschen in der
Pflege arbeiten und mit Comedy Geld verdienen* [4] mit initialem Wortakzent
realisiert (/'magkatiy/, /'komadi/), was ebenfalls der Akzentstruktur der Donorsprache
entspricht. Diese Beispiele zeigen, dass englische Lehnworter im modernen deutschen
Nachrichtendiskurs hdufig mit einer Akzentstruktur verwendet werden, die stark an das
englische Ausgangsmuster angelehnt ist.

Zusammenfassend ldsst sich festhalten, dass der Wortakzent in Wortern fremder
Herkunft ein dynamisches und vielschichtiges Phanomen im modernen Deutschen
darstellt. Die Analyse hat gezeigt, dass insbesondere im gesprochenen
Nachrichtendeutsch unterschiedliche Integrationsstrategien nebeneinander existieren:
Einerseits bleibt der urspriingliche Akzent der Donorsprache — vor allem bei englischen
Lehnwortern — hdufig erhalten, andererseits sind auch klare Anpassungstendenzen an
die prosodischen Muster des Deutschen zu beobachten.

Diese Variation ist nicht als Abweichung von der Norm zu verstehen, sondern als
Ausdruck eines fortlaufenden Sprachwandels, in dem sich neue lexikalische Einheiten
schrittweise in das phonologische System des Deutschen einfiigen. Dabei kommt der
medialen Standardsprache eine besondere Rolle zu, da sie durch ihre breite Rezeption
mafigeblich zur Stabilisierung oder Verdnderung akzentueller Muster beitragt.

Die Ergebnisse unterstreichen zugleich den weiterhin  bestehenden
Forschungsbedarf, insbesondere im Hinblick auf empirisch fundierte Analysen
gesprochener Sprache. Vor dem Hintergrund aktueller Entwicklungen in Medien und
digitaler Kommunikation gewinnt die Untersuchung prosodischer Merkmale wie des
Wortakzents zusitzlich an Bedeutung. Damit leistet die vorliegende Arbeit einen
Beitrag zum besseren Verstandnis der Wechselwirkung zwischen Norm, Variation und
Sprachgebrauch und zeigt Perspektiven fiir weiterfiihrende Studien im Bereich der
germanistischen Linguistik und Sprachdidaktik auf.
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INTYYHUU IHTEJEKT I ETUKA IOBEJIHKH
YYACHHUKIB HABYAJIBHOI'O ITPOLHECY

Crenanwk I'anuna MukoJiaiBHa

MIPUBAT-JIOICHT, JOLECHT Kadeapu

MOBHOI IMATOTOBKH Ta MI>)KHAPOJHOI KOMYyHIKaIi

Onecbka fep)kaBHa akajeMist Oy IiBHUIITBA Ta apXiTEKTypHU

BukopuctaHHs Cy4acHHX TEXHOJIOTIM CTyJE€HTaMHU Iiji Yac 3aCBOEHHS 3HAHb,
BUKJIaJ]ayaMd B TIpoIleCi BUKIAJAaHHS — 1€ JAaHuHa dyacy. CTpiMKuii mporiiec
VAOCKOHAJIEHHA pPI3HOMAHITHMX HaBUYaJbHUX IUIATQOPM, IIMPOKUNA TOPU3OHT
MOKITUBOCTEH, SKUH BIIKPUBCA TeEpeHd JIOACTBOM, POOUTH HE3BOPOTHHUM IPOIIEC
3aCTOCYBaHHS HOBITHIX pO3pO00OK a0COMIOTHO B yCIX cdepax HAIIOTO >KUTTS, 1
MEepIIOYEProBO — B OCBITI.

AJle K 3a3Ha4aroTh aBTOPH CTATTI « BUKOpUCTAHHS IITYYHOTrO IHTENEKTY y BUILIM
OCBITI: cTaH 1 TeHAeHI»: «CycHiabCTBY HEOOXITHI YITKI KpUTEpii IOJ0 METH,
MIPUHITUIIIB 1 IIHHOCTEH, SKUMU BOHO OyJ1e KepyBaTucs mija yac poootu 31 LI». [1, 28]
Cepen HUX 1 €TUYHI IUTAHHS [IPO T€, KOTO BBAXaTH aBTOPOM Y BUIIAAKaX, SKIO TEKCT
Hanucanuii 3a nonomoroto I, uu BapTO o(iriiiHO AO3BOJIATH CTYJIEHTOBI IiJ Yac
BUKOHAHHS HUM JIOMAIlIHIX Y1 KOHTPOJIbHUX 3aBJaHb BUKopucToByBatu L1

Po3p’si3aHHs 1i€i mpoOiemMu, Ha Hally TyMKYy, BXE€ HE JIEKUTh Y IUIOIIMHI
«3a00pOHA-T103B11», 00 HE MOKHA 3a00POHUTH T€, 1110 CTAJIO HEB1’ €EMHOIO YACTUHOIO
KUTTSI KOXKHOI JFOAWHM, 1 MUTaHHSA Tpo 103BUT Ha Bukopuctanus LI crygertamu
CKOpIIIE 32 BCE HAa ChOTOAHI MOKHA BBAKaTU PUTOPUYHUM, OCKUIBKH HEOJHOPA30BO
ckopuctaBmuchk I 1 oTpumaBIIm mMaiike MUTTEBI pe3yJbTaTH, CTYJEHTH HIKOJIH HE
BIJIMOBJISITHCS BiJ] TAKOi MOCITYTH.

VY 0Oe3mul myOnikamiii 1HTEPHET-IPOCTOPY HABOJAATHCS HAWPI3HOMAHITHIIII
MPOTO3HUIIIT MO0 croco0iB BU3HaUeHHs pakTy 3actocyBaHHs LI mig yac BUKOHAHHS
CTYJEHTaMM THX UM 1HIIMX 3aBJIaHb: JJI IEPEBIPKU MPONOHYETHCS BUKOPUCTOBYBATH
nporpaMu, skl BMIiIOTh BHpaxoByBaTu BTpyuaHHs Il y CTBOpeHHsS KOHTEHTY,
MEepeBIPSATH CaM TPOIEC BHUKOHAHHS 3aBJaHb (HAABHICTh YEPHETOK, 1CTOpIi
penaryBanb). Kpim Toro, niis 3amo6iranss 3sepHens 110 LI, Bukinagagam nponoHymTh
CTBOPIOBATH 3aBJaHHS pi3HOro Qopmary, siki 0 mepeabavanu Tij 4Yac IXHBOTO
BUKOHAHHS 3aCTOCYBAaHHSA CTyJACHTaMU BJACHOIO MPaKTUYHOIO JOCBIYy YHU
KPUTHUYHOTO MHCIICHHSI.

Ha namy nymky, noBeneHHs camoro (akty 3actocyBaHHs ctyaeHTom I mms
Cy4yaCHOTO BHKJIaJaya $K YYaCHMKA HABYAJIBHOIO IMPOIECY, 3aIIKABJIEHOTO B
KIHIIEBOMY PE3yJIbTaTi — OMaHyBaHH1 CTYJ€HTaMHU BUKJIaIEHUM HUM MaTepiaioM, He €
caMOlULTI0. AJKe mepeBipka poOIT CTYyAEHTIB 3 OOKY BHKJIaJadiB HE TapaHTye
CTOBIZICOTKOBOI PE3yIbTATUBHOCTI Ta 00’ €KTUBHOCTI Yepe3 HU3KY MPHUUUH:

- mo-mepie, 0yab-sika podoTa Ha 3aMOBJICHHS CTyI€HTa MOXKe OYTH 3a31aJIeT1/b

BiJ[pelaroBaHa TUM CaMUM IITYYHUM IHTEJIEKTOM, MO0 yOe3nmeuuTu ii Bif
NepeBIpKU Ha TIariat 3 00Ky BUKIIa1a4a;
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- MO-ApyTe, JAETEKTOpU (TECTEpH) TAKOK HE 3aBXKIH OE€3J0raHHO BUKOHYIOTh
CBOIO POOOTY, 1HOJI BOHM MOXYTb MOMUJISTHUCS, NMPUUMAIOUNd OPUTIHAIBHY
po0OTY 3a CTBOPEHY IIPOrPAMOI0.

Tomy akIeHT mig 4yac MepeBipKU TaKuX POOIT 3MIIIYyeThcs Bia 3anuTaHHs «Il{o
HaIlMCaB CTYJCHT?» JI0 3anuTaHHs «Sk BiH 11e 3poOuB?» 1 un po3ymie, mo LI y pasi
BIJICYTHOCTI HEOOXijmHO1 iH(opmMmarlii, TeHepyrYd BIAMOBIAb, MOXKE IOMUJISTHCS,
BUTayBaTU HEICHYIOUI CJIOBa, ()aKTH, MOCUIAHHA. | 110 € HalOUIbII BaXKITMBUM: YH
MOJK€ CTYJICHT MOSICHUTH HAasIBHI MOMUJIKK 200 HETOYHOCTI Y BiJIMOBI1, 3r€HEPOBaHIM
MporpamMor0, YW MOXKE BIAMOBICTA Ha JOJATKOBI 3alUTaHHA BUKIAJa4a, 4Yd
YCBIIOMJTIOE BiH, fK 3ayBakmja y CBOil crarti Lmiiuyk JI., mo «moctiitHe
BUKOPUCTAHHA 1HCTPYMEHTIB, 3aMICTh HaMaraHHS WIyKaTd PIIIEHHS CaMOCTIIHO
OPU3BOAUTH JO TOCTYNOBOi BTpPaTH TBOPYMX HABUYOK 1 3AATHOCTI KPUTUYHOTO
MUCIICHHS»,[2, 242] 1 K HACTIJOK TOCTaBUTH I1J] CYMHIB EPCHIEKTUBU TPOPECIHHOTO
pocTy.

[lepioueproBruM 3aBIaHHSIM II€/1arora, Ha Hally JyMKY, € BUXOBAHHS Y CTY/ICHTIB
KPUTUYHOTO CTaBJIEHHS [0 BIANOBIAEH, oTpuManux 13 3actocyBanHsMm I,
npornaryBaHHs AyMKH, 1m0 I — auiie iHcTpyMeHT, SKUM 3py4HO KOPUCTYBATUCS, ajle
KU BCE X TaKW IOCTYNAEThCS MOPIBHSAHO 3 JIIOJUHOIO B MOKJIMBOCTAX TBOPUO
MIIIATH 10 O3B’ si3aHHs IEBHO1 poosieMu. CTyIEHTH MatOTh HABUUTUCS KOHKYPYBaTH
3 BianoBiasMu, HaBeaeHumu I, 1 1OBOAWTH MOTYXXHICTh 1 HEMEPEBEPIIEHICThH
JFOACHKOTO MHCIICHHS.

I HacmiakoM Takoro migxoay Mae OyTH JOOpOBUIBHE M CBiIOME AOTPUMAaHHS
CTYJICHTaMH aKaJeMI4HOi TOOpOYECHOCTI, a caMe: BU3HAaHHS (PAKTy BUKOPUCTAHHS
pecypci I, iioro odopmieHHs 3 JOMOMOIOI MOCHJIAHHS SK Ha Oylb-fKE IHIIE
nepuIoKepeno iHpopmariiii, sike He OyJie CIpUMAaTHUCs CIUTBHOTOO, 1 BUKJIaga4aMu
B TOMY YHCII, SIK TaHeOHa MPAKTHKA, Ky Tpebda MPUXOBYBATH. AK€ 1 CTYJIEHTH, 1
BUKJIa/layl yCBIJOMIIIOIOTh, 1110 HOBITHIM 1HCTPYMEHT B 3M031 CYTTE€BO IMPUCKOPUTH 1
MOJIIMIIATA BUKOHAHHS Oyab-sK0i poOoTu. ToMy, SK BBaKalOTh aBTOPH CTaTTi
«ITy4Hul IHTEIEKT y BHIIIN OCBITI», OAHIEI0 3 HEOOXITHUX YMOB BIPOBAKCHHS Ta
3acrocyBanHd I € noBeaeHHA AyMKHM A0 YYacHHMKIB OCBITHBOTO MPOILECY IPO
BukopuctanHs I B 0cBITHHO-HAYKOBIH AISUILHOCTI SIK IHCTPYMEHTapit0 a00 METOY
JOCIIKEHHST Ha 3acajaxX BIAMOBIIAIBHOCTI, €TUYHOCTI, MPO30POCTI Ta aKageMIdHOL
nobpodecHoCTi. [3, 76]

[TincymMOByIOUYM BHUKJIA/I€HE, CKOPUCTAEMOCS BUCHOBKOM HaykoBus ['yHaszu JI.M.,
sKe BiH 3p00UB y cBOiii cTaTTi «I1ITy4yHMIi IHTENEKT y Cy4acHiil OCBITI: TpaHCcHopMallis
poyi  BUMTENS, MIJIBUINCHHS SKOCTI HaBYaHHS Ta HOBI MOXJIMBOCTI JUIst
yuHiB»: «BaXIMBO MPOIOBKYBATH AOCTIIKEHHS Ta PO3BUTOK B Taly3i MITYYHOTO
IHTEJIEKTY B OCBITI, J0al0ud NpO €THYHE U Oe3nevyHe BUKOPUCTAHHS TEXHOJIOTIMH,
3a0€3Meuyoun IXHIO0 TapMOHIHHY 1HTETpallilo B OCBITHIN npouecy. [4, 52] LikoBUTO
Woro miarpumyemo. [IuTaHHS €TUKM MOBEAIHKM yYaCHUKIB HABYAJIHHOTO TMPOIIECY —
nayieko He octaHHe y BukopuctanHi I ocBiTsnamu.
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Abstract

The rapid development of the digital environment has significantly transformed the
conditions of human life. Digital devices, online communication, constant access to
information, and the automation of professional and everyday processes have expanded
human capabilities and increased the speed of interaction with the outside world. At
the same time, the growing presence of technology in daily life has generated new
forms of psychological pressure associated with information overload, accelerated
communication, multitasking, and reduced inner balance [15; 17].

Under such conditions, emotional self-regulation becomes one of the key adaptive
skills of modern individuals. The ability to recognize one’s feelings, understand inner
reactions, and restore inner stability is increasingly important for maintaining psycho-
emotional well-being in the digital age [14; 20; 24]. In this context, the ELHM method
is of particular interest as a structured practical approach focused on emotional
awareness, the identification of inner blockages, and the development of emotional
resilience [21; 23; 25; 28].

The purpose of this paper is to examine technology-induced stress as a
phenomenon of the modern era and to explore the potential of the ELHM method as a
tool of emotional self-regulation and psychological adaptation in conditions of digital
overload.

Keywords: technology-induced stress, emotional self-regulation, digital
environment, emotional resilience, psychological adaptation, ELHM, emotional
awareness, psycho-emotional well-being

1. Introduction

The current stage of social development is characterized by the rapid expansion of
technological possibilities that penetrate ever more deeply into everyday human life.
Digital devices, online communication, constant access to information, and the
automation of professional and domestic processes have significantly simplified the
performance of many tasks, increased the speed of data exchange, and expanded
opportunities for both professional and personal development. Technology has indeed
become an extension of human capabilities, enhancing response speed, the volume of
perceived information, and the degree of involvement in global processes.

At the same time, the intensification of technological presence in human life has
generated new forms of psychological pressure. Constant immersion in the digital
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environment, the need to respond quickly to external stimuli, the high density of
information flows, multitasking, and the reduced amount of time spent in a state of
inner quiet create conditions for the accumulation of emotional tension [15; 17].
Individuals increasingly find themselves in a state of hidden overload that may not be
recognized immediately but gradually manifests through irritability, anxiety, inner
fatigue, distracted attention, and a reduced capacity for self-regulation [1; 15; 17].

The relevance of this topic is determined by the fact that in the technological era,
the issue of psychological resilience is becoming no less significant than the issue of
efficiency and adaptability. If technology expands the external capacities of a person,
it is emotional self-regulation that determines whether one is able to maintain inner
balance under the constant pressure of the external environment [14; 15; 17]. In this
context, particular importance is attached to practical methods aimed at increasing
awareness of one’s condition, working with feelings, and restoring inner support [20;
24; 26]. The study of technology-induced stress and the search for effective approaches
to overcoming it represent an important direction of contemporary psychological
science and practice [17; 20; 24].

2. Technology-Induced Stress as a Phenomenon of the Modern Era

Technology-induced stress may be defined as a form of psychological tension
arising from a person’s constant interaction with the digital environment. Unlike
traditional stressors connected with physical pressure or isolated crisis events, this type
of stress develops gradually and accumulates under conditions of continuous
information activity, digital availability, and the need for ongoing cognitive and
emotional involvement [15; 17]. Its specificity lies in the fact that individuals may
perceive such a state as a normal characteristic of modern life without noticing the
gradual depletion of their internal resources [1; 15].

One of the key factors of technology-induced stress is information overload.
Modern individuals encounter a large number of messages, notifications, visual
stimuli, and tasks requiring constant shifts of attention on a daily basis. This leads to a
decrease in the depth of perception, fragmentation of thinking, and a persistent sense
of incompleteness [10; 11]. As a result, attention becomes less stable and the psyche
less capable of recovery [10; 17].

The digital environment also significantly affects the emotional state of the
individual. Constant comparison with others, dependence on feedback, the accelerated
pace of communication, the expectation of immediate responses, and continuous
contact with external stimuli intensify inner tension [2; 3; 4; 17]. A person may
experience increased anxiety, a sense of pressure, exhaustion, or emotional emptiness
[1; 15; 17]. At the same time, they may remain socially active and outwardly functional,
which makes this form of stress less visible though no less significant.

Another important feature of this phenomenon is the disruption of a person’s
connection with their own inner state. When a significant part of attention is constantly
directed outward, the ability to recognize one’s feelings, notice fatigue, respond to
internal signals in a timely manner, and regulate emotional reactions decreases [20;
24]. This weakens inner balance and complicates psychological adaptation [14; 20; 24].
Thus, technology-induced stress may be regarded as one of the characteristic
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psychological challenges of the modern era, requiring not only theoretical
understanding but also the development of practical methods of emotional self-
regulation [17; 20; 24].

3. Emotional Self-Regulation as an Essential Skill of Modern Individuals

In the conditions of contemporary technological reality, external efficiency is
increasingly regarded as one of the main indicators of personal success. The ability to
respond quickly, process large volumes of information, remain constantly available for
communication, adapt to change, and maintain high productivity is often treated as a
social norm [6; 8; 14]. However, such an orientation primarily toward external
outcomes is not always accompanied by the preservation of inner psychological
balance. On the contrary, in the absence of well-developed emotional self-regulation
skills, high external activity may coexist with inner exhaustion, anxiety, irritability, and
a sense of losing connection with oneself [1; 15; 17].

For this reason, external efficiency alone is no longer sufficient in modern reality.
A person may successfully perform professional and social functions while
simultaneously experiencing chronic tension, emotional overload, and a decline in the
quality of inner life [6; 15; 17]. Under such conditions, the ability to manage one’s
internal state becomes not an additional advantage but a basic adaptive skill. Emotional
self-regulation makes it possible to recognize one’s feelings in time, understand inner
reactions to ongoing events, reduce the intensity of destructive tension, and restore a
state of inner stability [1; 20; 24].

Emotional self-regulation becomes especially important under conditions of
constant informational pressure and an accelerated pace of life. When a person’s
attention 1s continuously dispersed by external stimuli, the risk of losing sensitivity to
internal signals increases [10; 11]. As a result, the ability to notice accumulating
fatigue, recognize emotional blockages, and adjust one’s state before tension develops
into deeper stress becomes weakened [20; 24]. Therefore, the development of
emotional self-regulation should be viewed as a crucial condition for psychological
adaptation, the maintenance of psycho-emotional well-being, and the preservation of
personal integrity in the digital age [14; 17; 24].

4. The ELHM Method as a Practical Tool for Working with Emotional
States

In the context of seeking effective approaches to maintaining inner stability, the
Emotional-Level Happiness Management (ELHM) method is of particular interest
as a practical tool for working with human emotional states [21; 23; 25; 28]. This
method 1s aimed at increasing awareness of one’s current inner condition, identifying
emotional blockages, and systematically working with feelings as an important
resource of psychological resilience [20; 21; 24]. Unlike approaches that focus
primarily on external behavior or rational analysis, ELHM emphasizes the deep
connection between emotional experience, inner reactions, and a person’s ability to
adapt to life’s pressures [20; 23; 24].

The logic of the method is based on the assumption that a person’s emotional state
directly influences the quality of perception, decision-making, the level of inner
support, and overall psycho-emotional well-being [15; 20; 24]. If feelings remain
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unrecognized, suppressed, or internally blocked, this may intensify tension, complicate
adaptation, and reduce a person’s ability for stable self-management [1; 20; 24].
Accordingly, work with the emotional sphere is viewed not as a secondary element of
psychological support but as an important direction for restoring inner balance [20; 24;
26].

The practical value of the ELHM method lies in its focus on developing awareness
of one’s own feelings, recognizing internal limitations, and forming a more stable way
of relating to emotional experiences [20; 21; 23; 24]. The method may be considered a
structured approach that contributes to the reduction of inner tension, the deepening of
self-understanding, and the development of emotional resilience [21; 24; 25; 28].
Under conditions of technology-induced stress, when individuals often lose connection
with their inner state due to the constant outward direction of attention, such
approaches acquire particular significance [17; 20; 24]. In this sense, ELHM may be
interpreted as a promising practical instrument of psychological adaptation within the
contemporary digital environment [21; 25; 28].

5. The Potential of the ELHM Method in Conditions of Digital Overload

Under conditions of digital overload, the Emotional-Level Happiness
Management (ELHM) method may be considered a promising practical approach
aimed at reducing inner tension, strengthening emotional resilience, and restoring a
person’s connection with their inner state [21; 24; 25; 28]. The digital environment
creates a specific type of everyday pressure in which a person’s attention is constantly
directed outward, while internal signals, feelings, and emotional reactions often remain
insufficiently recognized [17; 20; 24]. As a result, an individual may preserve external
activity and functionality while simultaneously experiencing accumulated tension,
emotional exhaustion, and a reduced capacity for inner self-regulation [15; 17; 24].

In this context, the value of the ELHM method lies in its orientation toward
bringing a person’s attention back to their inner condition [20; 21; 24]. Working with
feelings within this approach makes it possible not only to identify already manifested
emotional difficulties but also to gain deeper awareness of the inner processes that
precede the state of chronic overload [21; 23; 24]. Such an approach creates conditions
for more timely recognition of emotional blockages, increased sensitivity to one’s
internal signals, and the formation of a more stable inner support system [20; 24; 26].

The potential of the ELHM method in the context of digital overload is also
connected with its ability to promote a more conscious attitude toward one’s emotional
reactions [20; 21; 24]. This is particularly important in situations of constant
informational stimulation, when emotional states may change rapidly and the internal
processing of experiences becomes difficult [17; 24]. Systematic work with feelings
helps reduce the intensity of inner tension, lower the level of emotional fragmentation,
and restore a person’s ability to perceive themselves and ongoing processes in a more
integrated way [21; 24; 25; 28].

Thus, the ELHM method may be interpreted as a practical instrument of
psychological adaptation in the digital age [21; 25; 28]. Its application appears
significant not only in the context of individual support for people experiencing the
effects of technology-induced stress, but also in the broader context of searching for

206



PSYCHOLOGY
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW
PARADIGMS

contemporary approaches to the preservation of psycho-emotional well-being [17; 24;
28]. Under conditions in which technology increasingly determines the rhythm and
structure of everyday life, methods aimed at restoring inner stability and conscious self-
connection acquire particular scientific and practical value [14; 17; 24].

Conclusions

The analysis presented in this paper makes it possible to conclude that in the
technological era, the problem of emotional self-regulation acquires particular
significance [14; 17]. The rapid development of the digital environment, constant
informational availability, the acceleration of the pace of life, and the high density of
external stimuli create new conditions of human existence in which psychological
resilience becomes one of the key factors in preserving personal integrity and psycho-
emotional well-being [15; 17]. Under these conditions, a person’s ability to recognize
their own feelings, identify inner tension in a timely manner, and regulate their
emotional state becomes not a secondary quality but a necessary condition for
adaptation [1; 20; 24].

Technology-induced stress should be regarded as one of the characteristic
psychological challenges of modernity, requiring the development and implementation
of practical approaches aimed at restoring inner balance [17; 20; 24]. In this context,
the Emotional-Level Happiness Management (ELHM) method is of interest as a
structured approach focused on working with emotional states, developing awareness,
and strengthening inner resilience [21; 23; 24; 28]. Its potential lies in the possibility
of contributing to the reduction of emotional tension, deepening a person’s connection
with their inner condition, and forming more stable mechanisms of self-regulation [20;
21; 24; 25].

Therefore, the development of emotional self-regulation in conditions of
technological reality may be defined as a necessary direction of contemporary
psychological practice [14; 17]. The ELHM method, in turn, may be considered a
promising practical approach in this field, deserving further theoretical reflection and
practical application in the context of human psychological adaptation to the conditions
of the digital age [21; 25; 28; 29].
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MOJOJAHHS CYITPOTUBY MEJIALIT ¥
BIJIHOBHOMY MPABOCY I

KoBaabuyk Opecra,

CTyJICHTKA MaricTparypu, kadeapa ncuxosorii Ta cormiaabHo1
po60TH 3aXiTHOYKPATHCHKOTO HAI[IOHATBHOTO YHIBEPCUTETY,
3aBiJlyBad CEKTOPOM JIbBIBCHKOTO HayKOBO-JIOCITHOTO 1HCTUTYTY
CYJIOBUX EKCIIePTH3

AKTYaJIbHICTh TEMH

VY cydacHux yMoBax pedopMyBaHHS MPaBOBOI CHCTEMH YKpaiHH OCOOJHMBOTO
3HAYCHHS HaOyBa€ BIPOBAHKCHHS BIAHOBHOTO MPABOCYIIS SIK aJIbTEPHATHBHOTO
MIIXOQy A0 BUPIMIEHHS KOH(IIKTIB Ta KPUMIHAIBHHX IMPAaBONOPYIIEHb. BilHOBHE
MpaBOCYsl OpPIEHTOBAHE HE HA TOKapaHHs, a Ha BIJHOBJIICHHS CHPABEJIMBOCTI,
MIPUMHUPEHHS CTOPIiH Ta BIAIIKOTYBAaHHS 3aBaHO]T IITKOIH.

OmHuM 13 KJIIOYOBHMX 1HCTPYMEHTIB BIJHOBHOTO TIPABOCYIJS € MeJiamis sK
T0OpOBUTHHUHN, KOHPIACHIIIHHUHN 1 CTPYKTYPOBAHHM MPOIIEC 32 YYACTIO HEUTPAIBHOTO
nocepennuka. OJHaK, He3Baxaloyu Ha i1 €()EKTUBHICTb, BIPOBAIKEHHS IIHOTO
IHCTUTYTY B YKpaiHi HaTpamigi€e Ha ICTOTHUH CYNPOTHUB SIK 3 OOKYy y4YacHHKIB
MPaBOBITHOCHH, TaK 13 OOKY MPEeACTaBHUKIB MPABHUYOI CIIIIILHOTH.

ITonsATTA TA POJIL MeAianil y BITHOBHOMY NPaBoCY i

Meniamiga — ne a00pOBUIbHUM, KOH(PIACHIINHUN Ta CTPYKTYPOBAaHHUM Ipolec
BpEryJIOBaHHS KOH(JIIIKTY 32 Y4acTIO HEUTpaidbHOI TPEThOI CTOPOHU — MeAlaTopa,
SKWW CIpHUsA€ KOMYHIKallli MK CTOpOHaMH Ta JONOMarae iM CaMOCTIMHO JIUTH
B3aEMONPUKUHATHOTO pillleHHs. BoHa IPyHTYe€ThCS Ha MPUHLMINAX JTOOPOBLIBHOCTI,
HEYNEPEKEHOCT], PIBHOCTI CTOpPIH 1 Opi€HTAIl Ha iXHI 1HTEpPECH, a HE JIMILIE Ha
npaBoBi nmo3uii [1].

VY KOHTEKCTI KpMMIHAJIbHUX MPABOBIAHOCHH MeJiallisd BUCTYNAE SIK 1THCTPYMEHT
ATbTEPHATUBHOTO BUPIMICHHS] CHOPIB MK MOTEPHIIUM 1 MPaBOMOPYITHHUKOM, IO
JI03BOJISIE BUMTH 32 MEXK1 TPAIUIIHHOTO KapaabHOTO miaxomdy [2].

IToHATTSA BIiAHOBHOIO NMPABOCYIA.

BigHnoBHe mpaBocy s — 1€ miaxia y cepi KpuMiHaIbHOT FOCTHITIT, CIIPSIMOBaHUN
Ha BITHOBJICHHS TMOPYIICHUX CYCINUIBHUX BIJHOCHH, KOMIICHCAIIIO IIIKOJU
TMOTEpIILIOMy Ta PEiHTEerpallilo MPABONOPYIIHHKA B CYCHLILCTBO. MOro KIIOYOBOIO
17Ie€10 € HE TIOKapaHHS K CaMOIlJib, @ BIAHOBJIECHHS CIIPABEIJIMBOCTI Yepe3 Aiajior,
BIJINOBIJIAJIBHICTD 1 TPUMUPEHHS [3].

Meniatiss € UEHTpaJIbHUM MEXaHI3MOM peati3allii BIJHOBHOIO TPABOCYIs,
OCKUIbKH CcaMe€ BOHAa CTBOPIOE O€3MEUHUM TPOCTIp IS Alajory MK CTOpPOHaAMH
KOH(ITIKTY.
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Poub meaianii y BiAHOBHOMY npaBoCyAi.

1. 3a0e3neyeHHs Xiaa0ry MiK CTOPOHAMM.

Meniariss ga€ MOXIJIMBICTb IMOTEPIIJIOMY 1 MPABOMOPYIITHUKY O€3M0CepeIHbO
0OrOBOpPUTH CUTYAIIil0, BUCJIOBUTH CBOI MOYYTTS, MOTpeOU Ta ouikyBaHHs. Lle cipuse
KpaIoMy pO3yMIHHIO MPUYUH KOHPIIKTY.

2. BinmukoayBaHHS IIKOIH.

VY nporieci Meaialili CTOpOHU MOXYTh IMTOTOJIUTH KOHKPETHI CIIOCOOU KOMITIEH A1l
— MartepianpHoi a60 MopanbHOi. Lle m03Bosse ORI MOBHO BIAHOBUTH MOPYUICHI
IpaBa MOTEPIILIIOTO.

3. ®opMyBaHHS BiANOBIAAIbHOCTI NPABONOPYLIHUKA.

Ha Bigminy Big ¢GopManmpbHOTO CyIOBOTO TIPOIECY, MeEMiallis CTHMYJIIIOE
YCB1JIOMJICHHSI HACTIJKIB CBOIX 1M, III0 € BAXKJIMBUM €JIEMEHTOM pecoliiaii3aliii.

4. 3uu:KeHHs PiBHA KOH(QIIKTHOCTI Ta peluInBY.

3aBASKA JOCSTHEHHIO JOOPOBUIBHOI YroJd MIK CTOPOHAMHU 3MEHIIYEThCS
WMOBIPHICTH MOBTOPHUX MPABOMOPYIIIECHD 1 ecKaailii KOHPIIIKTY.

5. I'ymaHi3anisi KpUMiHAJIBLHOI I0CTHIII.

Meniariist cripusie Iepexo1y Bijl KapajabHOi MOJIEI 10 BITHOBHOI, /1€ BpPaXOBYIOThCS
1HTEpECH BCIX YYaCHHUKIB MPOIECY, OCOOIUBO MOTEPIILIOTO.

6. Po3BaHTa:KeHHS CYyA0BOI CHCTEMH.

3actocyBaHHsA Mefiallii 103BOJISIE 3MEHIIUTH KUIBKICTh CYJIOBHUX CIpaB, L0 €
BKJIUBUM JIs1 €(DEKTUBHOCTI MPABOCYIJIA.

Menianigs — 1€ CTPYKTYpOBaHUM IMpOLEC, Y SIKOMY CTOPOHM KOH(IIIKTY 3a
JIOTIOMOT 00 MeJlaTopa MparHyTh JOCSATTH B3a€EMOIIPUUHITHOTO PIllICHHS. Y KOHTEKCTI
BIJIHOBHOTO TIPaBOCYAAsl Meiallisl CIIPUSIE:
~  BIJIHOBJICHHIO TTOPYILIEHUX COIIaJIbHUX 3B’ SI3KIB,;
~  BpaxyBaHHIO IHTEPECIB MOTEPMIIOi CTOPOHU;
~  pecoiianizailii TpaBoONoOpPyIIHUKA;
~  3MEHIICHHIO PIBHA PEIUINBY.

Ha BigmiHy Bijg TpaguIliiHOTO CYJIOBOTO IMPOIECY, MEIiallis JT03BOJISIE CTOPOHAM
aKTUBHO OpaTH ydacThb y BHpIIIEHHI KOH(IIKTY, IO MiJBUIILYE PIBEHb JOBIPH /10
[IPaBOBOI CUCTEMH.

OCHOBHI NPUYMHM CYNIPOTHBY Meaiamii

CympotuB Memiaiii Mae KOMIUIEKCHUNM XapakTep 1 OOYMOBJICHHM HHU3KOIO
(bakTopiB:

1. [IpaBoBa HeOOI3HAHICTH
Ta MOJIMBOCTEN 3acTocyBaHHs. Lle mopomkye HenoBipy Ta HeOaKaHHS OpaTH y4acThb
y Tpotieci.

2. CtepeoTunu moa0 «M’siKOCTi» MiIX01y

[TommpeHoto € aymka, 1m0 Memiaris € «IMoOJaKIMBHMY MEXaHI3MOM, SIKHUA HE
3a0e3mnedye HaJleKHOTO TTOKapaHHs MPaBOMOPYITHUKA. Takuil miaxig IPYHTYEThCS Ha
TPaJAUIIITHOMY PO3yMIiHHI CIPaBEUIMBOCTI SIK BIAIJIATH, 110 ICTOPUYHO JOMIHYE Y
KPUMIHAJILHO-TIPABOBIN JOKTPUHI, OJHAK HE BPAaxXOBY€ IMOTEHIIATy BIJHOBHOTO
MIIX0Ty 100 KOMITEHCAIIT KoM Ta pecoltiaiizallii mpaBonopyrHuKa.
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3. Omip 3 00Ky npeACTABHUKIB NPaBOBOi CUCTEMH

Jlesiki cyaai, MpOKypopH Ta aJABOKATH CHPHHMAaIOTh MeJialis sSK MOTCHIIHHY
3arpo3y cBOiM MpodeciiiHii posii ad0 K 1HCTPYMEHT, IO 3MEHIIY€E iXHIM BIUIMB y
IpoIrieci BUPIIIEHHs criopiB. Taka Mmo3uilisi 3yMOBJICHA K yCTaJeHUMH MpodeCciiHUMHU
CTEPEOTHUIIAMHU, TaK 1 HEIOCTATHIM PO3YMIHHSIM I€peBar BiTHOBHUX MPAKTUK, 30KpeMa
iX 37aTHOCTI CHPHUATH €(QEKTUBHINIOMY BHUPIIIEHHIO KOH(QIIKTIB, 3HHUKEHHIO
HABAHTA)KEHHS Ha CYJIOBY CHUCTEMY Ta JOCSITHEHHIO OUIBII CTIMKUX PE3yJbTaTiB JJIs
CTOpIH.

4. HepocTaTHs iHCTUTYHiHHA MiATPUMKA

HenocraTHiil piBeHb oprasi3aiiifHO-IIpaBoBOro 3a0e3neueHHs Meiallii, 30KpemMa
BIJICYTHICTh YITKHX MPOIENyp Ta HAJEKHOTo (hiHaHCYBaHHS, ICTOTHO OOMEXye il
MPAKTUYHE BIPOBAKECHHS.

5. Ilcuxoutoriuni 0ap’epu cTOpiH

[ToTepmisi 4acTo HE TOTOBI 10 OE3MOCEPEAHBOr0 A1ANOTY 3 MPABOMOPYLUIHUKOM Y
MeXax MeJialli uepe3 eMolliiHI TepekuBaHHs Ta HEIOBIPY, TO/II SIK MPABOMIOPYITHUKA
MOXXYyTh YHUKATH y4YacTi y MpOLEAypl 4Yepe3 CTpax OCydy, COpoM abo HebakaHHs
BU3HABATH BJIACHY BIAMOBIAAJIBHICTh, L0 3arajioM 3HWKYE €(PEKTUBHICTh TaKUX
MEXaHI13MiB.

Hacainku cynporuBy Memiamii

CympoTuB mMeniatlii Ipu3BOAUTH JI0:

~ TIEpPEeBAHTAXXEHHS CYJOBOi CUCTEMH,

— 3HIKEHHS €()EKTUBHOCTI IPABOCY ]I

— BIJICYTHOCTI p€ajbHOrO BIJTHOBJICHHS ILKOJIHU;

— 30epexeHHs! KOH(DIIKTIB y TaTeHTH1H (hopmi;

— BHUCOKOTO PiBHS MOBTOPHUX MPABOMOPYIICHb.

TakuM 4YWHOM, ITHOPYBaHHs IMOTEHLady Meaiallli HEraTUBHO BIUJIMBAa€ SK Ha
OKpPEMHUX 0C10, TaK 1 Ha CYCIUJIbCTBO B I[IJIOMY.

IInsixyv moa0JIaHHS CYNIPOTHUBY Meaiamii

1. IlixBUIIEeHHA IPaBOBOI 00i3HAHOCTI

HeoOxinno npoBoautu iHdOpMaIliiiHi KaMIiaHii, OCBITHI 3aX0JI1 Ta TPEHIHTH IJis
HaCeJICHHS II0JI0 CYTHOCTI Ta repeBar mefianii [6].

2. IlinroToBKa daxiBuin

BaxxnuBuMm € HaBYaHHS CY/IJIiB, IPOKYPOPIB, aJIBOKATIB Ta ME1aTOPIB MPUHITUATIAM
B1JIHOBHOT'O MTPaBOCY/I/Is Ta MPAKTHUII 3aCTOCYBaHHS Meialli.

3. 3akoHOAaBYEe BJOCKOHAJICHHA

[ToTpiOHO 3a0e3meunTy YiTKe HOPMATUBHE PETyJIIOBaHHS Meiallil, BUBHAUUTH ii
MICII€ Y KpUMIHAJIBLHOMY MPOIIEC] Ta nepe0dauuT CTUMYJIH JJIs 11 BUKOPUCTAHHS.

4. IHCcTUTYWiHHUMI PO3BUTOK

CTBOpEHHS LIEHTPIB Meiallii, BHPOBAKEHHS MPOTpaM BiTHOBHOTO MPaBOCY IS Ta
3a0e3nedeHHs X (piHAHCYBaHHS COPHUSITHUME TOIMIUPEHHIO IT1€T TPAKTUKH.

5. ®opmyBaHHS 10BipH

[To3uTuBHUI AOCBIJ 3aCTOCYBaHHS MeJiallli Mae aKTUBHO MOMYJISPU3YBATUCS
yepe3 Meaia Ta npodeciiiHi CiIbHOTH.
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6. Ilcuxosoriyna miATPMMKA y4aCHUKIB

3amyyeHHs IICUXOJIOTIB Ta COLIaJIbHMX MPALIBHUKIB JIOIIOMOXE CTOpPOHaM
M0/I0JIaTH BHYTPIIIHI O0ap’€pH Ta MiArOTYBAaTHCS A0 J1aJIOTy.

Oco00,1uBOCTI BIPOBATKECHHSA B Y KpaiHi

BnpoBamxeHHs BITHOBHOTO NMPABOCY A/ B YKpaiHi € MOCTYIOBUM 1 KOMIUIEKCHUM
IpoIiecoM, IO TMO€EIHYE TIPaBOBi, COILIAJIbHI Ta KyJbTYpHI 3MIHHM. BiIHOBHE
NpaBOCYIASl PO3MIISIAAETBCS AK MIAXIM, Y ILEHTPl SKOro mnepedyBae HE MOKAapaHHS
MPaBOMOPYIIHUKA, a BIJIHOBJICHHS IIKOJAW, 3aBAaHOI MOTEPHUIOMY, a TaKOX
HAJIAroJDKEHHS JlaJiorTy MK yciMa cTopoHamMu KOHQIIKTy. B ykpaiHChKOMY
3aKOHO/IABCTBI BXKE ICHYIOTh OKpPEMI1 €JIEeMEHTHU LIbOTO MiIX0/Y, 30KpeMa MOXJINUBICTh
VKJIQJICHHSI YTOJl PO NMPUMHUPEHHS Y KPUMIHAJIBLHOMY TIPOIIEC], a TAKOX peaizarlis
MUJOTHUX NPOTrpaM 3a NiATPUMKH MIiHICTEpCTBO FOCTHUIIT YKpainu. BogHouac 1inicHoi
3aKOHOJIaBUO1 0a3H, sika O CHCTEMHO peryJroBaja BiIHOBHE MTPaBOCY s, Hapas3i 1Ie He
chopmoBano [4, 5].

Bucnosxku

Mepiamist € BaXJIMBUM €JIE€MEHTOM BIJIHOBHOTO TPaBOCYIJs, IO CIpPHUSE
rymaHizamii mpaBOBOi CHCTEMHM Ta IMABUINEHHIO 11 edexkruBHOCcTi. OpHak ii
BIIPOBA/DKEHHSI B YKpaiHI CYNPOBOJKYEThCS 3HAUHUM CYINPOTHUBOM, SIKUH Mae€ sK
00’ €KTUBHI, TaK 1 Cy0’€KTUBHI MPUYUHHU.

[ToonaHHs BOTO CYNPOTUBY MOJKJIMBE JIUIIE 32 YMOBU KOMIUIEKCHOIO MiJIXOY,
110 BKJIIOYAE:
— TMpaBOBY MPOCBITY HACEICHHS;
— mnpodeciiiHy MAroToBKy (haxiBIiiB;
— PO3BUTOK IHCTUTYLIMHOI 0a3u;
— (opMyBaHHS KYJIbTYPH J1AJIOTy Ta JOBIPH.

VYcenimHa 1HTErpamis Meiamii y CHCTeMy MpaBOCYIsl CHPUSATUME HE JIMILE
3HIDKEHHIO HaBaHTAXEHHS Ha Cyad, aje # CTBOPEHHIO OUIBII CHpPaBEIJIMBOTO,
JOJITHOTO Ta €()eKTUBHOTO CYCIIJIbCTBA.
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MCUXOCEMAHTHUYHA MO/JIEJIb )KUTTEBOI
AHTULUIALLI IK PAMKA JOCJI)KEHHS
MAWBYTHBOI'O Y JJOPOCJHUX I3 PAC

IIpoaan €Bren OuiekcaHAPOBUY

acIlipaHT,BUKJIa/1a4, KJIITHIYHUI TICHX0JIOT

Kadeapu 3araabHO1 Ta COIIaTbHOT TICHUXOJIOTI,

JIHINpOBCHKMIA HAIlIOHANBHUH YHIBepcuTeT iMeHi Onecs ['onuapa

HogikoBa Codis BiraxiiBaa
CTyJIeHTKa Kadeapu 3arajJbHoi Ta COIladbHOT ICUXOJIOT1T
JIHImpOBCHKUI HalllOHATBHUM YHIBepcuTeT iMeH1 Onecst 'oHuapa

Ky3bmina €iauszasera CepriiBHa
CTyJIeHTKa KadeIpH 3arajibHOi Ta COLAIbHOT ICUXOJIOT1i
JIHImpOBCHKUI HalllOHATBHUHN YHIBepcuTeT iMeH1 Onecst 'oHuapa

[Ipobnema gocaiKeHHsI MalOyTHHOTO Y JOPOCIHX 13 pO3JIaJOM Ay TUCTUYHOTO
CHEKTpa 3a3BHuail aHANI3Y€TbCAd Yepe3 OKpeMl KOTHITHBHI JOMEHH, 30KpeMa
€n130JUYHE MUCJIEHHS PO MAalOYTHE, MPOCHEKTUBHY 1AM’ ATh, IPEIUKTUBHY OOPOOKY
a00 yacoBy (QeHOMeHONOrII0. Y CTaTTi OOIPYHTOBAHO, IO TAaKOIrO TiIXO0Iy
HEJIOCTATHbO, OCKUJIBKY BIH HE JI03BOJISIE OMKUCATH, IKUM YUHOM CYyO’€KT HaJla€ CMUCI
BJIACHOMY MallOyTHbOMY Ta OpraHi3y€ WOro y BHYTPIIIHbOMY J0CBLIl. Came ToMy sIK
METOJIOJIOTIYHE MIATPYHTS MPOIMOHYETHCS TICUXOCEMaHTUYHA MOJENb KUTTEBOI
aHTULIMIALIL, OO Ja€ 3MOTy BUBYaTH HE JIMIIE€ MEXaHI3MU IMPOTHO3YBaHHA, a M
3MICTOBY CTPYKTYpY OUiKyBaHUX MaiiOyTHiX ctaniB (baTpauenko & bnasarpka, 2013;
barpauenko & Puxanbcbka, 2009).

Jocmiaauipkuii GoKyC ITUX Te3 MOJATae€ y BUCBITICHHI ITCUXOCEMaHTHYHOTO
BUMIpPY aBTOPCHKOI MOJIeNi. Y CTAaTTi MOKAa3aHo, 10 JKUTTEBA aHTUIIMMAILIIS € CMUCTIO-
OTOCEPEAKOBAHOIO BUINOIO MICUXIYHOIO (PYHKINIEIO, IKA OPTaHI3y€eThCA YepPE3 CUCTEMY
OCOOHUCTICHUX KOHCTPYKTIB 1 aHTULIMIATUBHUX cXeM. HaanmopsakoBUM KOHCTPYKTOM
TaKoi CHUCTEMH BHCTYyIae OIMOJSpHA BICH «IIACIMBE — HEIIACIMBE MaHOYTHE», siKa
MOEAHYETHCSL 3 IMOBIPHICHOIO OIIIHKOIO Ta 4acoBOl0 CTpykTypor (barpauenko &
Puxansceka, 2009). 3aBasku oMy MailOyTHE MOKe OyTH OmHcaHe SK Mpodiib, y
SAKOMY BAJICHTHICTb, CyO’€KTMBHAa WMOBIPHICTh 1 4YacoBa JUCTaHLIs YTBOPIOIOTH
IHAUBITyaJIbHY KOH(DITypalito O4iKyBaHb.

Hna nopocnux 13 PAC y craTti BUCYBa€TbCs MNPUIYILIEHHS OPO MEHILY
KOTHITUBHY CKJIAJIHICTh TaKOTO MPOQiI0, HOro TeMIOpadbHy HEPIBHOMIPHICTH Ta
MOJIUBY OUIbIy HACHYEHICTh HETATUBHUMH OYIKYBAHHSAMM IOAO OJU3BKOIrO
ManOyTHBROTO. lle mpurymieHHs: cnupaeTbesi Ha JaHi MPO 3HUXKEHY CIenu]idHICTh
€Mi30JJUYHOTO0 MUCJICHHS TMpO MalOyTHE Ta BHUPAXKEHY IHTOJEPAHTHICTH JIO
HeBu3HadeHocTi B aytusmi (Lind & Bowler, 2010; Jenkinson et al., 2020; Bird et al.,
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2024). HaykoBa HOBU3HA M1AXO/Ay MOJSTAa€ B TOMY, 110 BiH CTBOPIOE MICT MK pIBHEM
HEWPOKOTHITUBHUX MEXaHI3MiB 1 piBHEM Cy0’€KTUBHOTO IMEepEKUBaHHS MallOyTHHOTO.
Y Mexax CTarTi MCUXOCEMaHTMYHAa paMKa HE MPOTHUCTABISETbCS MOMACIAM
NPEIUKTUBHOTO KOJYBaHHS, a JIOMOBHIOE iX, JO3BOJISIIOYM MEPEUTH BiJ OMUCY
ocJIabJIEHUX ampiopiB 1 3HWKEHOI ayTOHOETUYHOI YCBIJOMIICHOCTI JO KOHKPETHHX
EMITIPUYHHUX TIIOTE3.

JIo Takux TinoTe3 HajleXaTh MPUITYHICHHS MpO 301HEHICTh AHTUIUIIATUBHUX
CXeM, 3HIDKEHHS TeMITy i (hIIOEHTHOCTI TeHepyBaHHS MalOyTHIX CIIEHApiiB, a TAKOXK
cnenu(piuHui MaTEepH TPUBOXKHOCTI OIM3BKOTO MailOyTHHOro. MeETOq0IOTIYHO 11e
BiJIKpUBA€ MOKJIUBICTh BUKOPUCTAHHS IMOBIPHICHUX TaOIHUIIh PO(1II0 MaltOyTHHOTO,
repertory grid Ta CTpYKTYpOBaHUX IHTEPB IO JUIsI €KCTEpHAJI3aIil aHTUIMITATUBHUX
cxeM. Otxe, CTarTd Ja€ MIJACTaBU PO3MISAATH TCUXOCEMAaHTHUYHHUI aHami3 sK
MEePCIIEKTUBHUMN NUISIX OIepaliioHai3allii >KUTTeEBOT aHTUIMNaIii y gopociaux 13 PAC.
Moro 3HAaueHHs MOJNArac He JMIIE B TEOPETHYHOMY YTOUHEHHi (heHOMeHa, a il y
CTBOPEHHI OCHOBU JJiIi TOJNANBIINX EMIIPUYHUX JOCIIKEHb, YYTJIUBUX JO
reTePOreHHOCTI AyTUCTUYHOTO CHEKTpa, IHAMBIAYATbHUX TPO]LIIB MaHOYTHHOTO Ta
MPaKTUYHUX 3aBJIaHb MICUXOJIOTIYHOT MATPUMKHU.
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BUPIBHIOBAHHSA CTATUCTUYHHUX PAIB
IHHOXUBOK HABITAINIUHUX BUMIPIOBAHD

Anekceinuyk borman MuxaisioBu4
acripaHT
Onecekuit HamionanpHut MOpChKHil YHIBEPCUTET

HopmaiibHuii 3aK0H po3MoALTy, SIKUi TAKOK Ha3UBalOTh 3aKOHOM ['ayca, BUKOHYE
BUKIIIOYHO BaXKJIHMBY pOJb B TeOpili BIPOTIAHOCTI, - II€ 3aKOH PO3MOILTY, IO
HaWYacTIlIe 3yCTPiUa€eThCsl Ha MpakTUlll. ['0J0BHA 0COOIMBICTD IILOTO 3aKOHY TOJISTAE
y TOMYy, IIO BIH € TPAaHUYHHUM 3aKOHOM, JI0 SKOTO HAOJMKAIOThCA I1HII 3aKOHU
PO3MOIUTY 3a AEIKUX TUIIOBHUX YMOB. TOMYy BBa)Ka€ThCs, IO BHITAIKOBI MOXHOKU
HaBIrallHUX BUMIPIOBAaHb TAKOX PO3MOALICHI 32 HOPMAJIbHUM 3aKOHOM.

OnHak OCTaHHIM 4YacoM OIyOJIiKOBaH1 POOOTH, B SIKUX MMOKAa3aHO, 1[0 BUITAJIKOBI
MOXUOKH BHUMIPIOBAaHb MOXXYTh MaTH 3aKOH pO3MOJUTY, SKUA BIIMIHHHA BiJ
HOPMaJIbHOIO 3aKOHY.

Tak B poOoti [1] mpuBeneHO aHaM3 CTATUCTUYHUX JIaHMX BIJIHOCHO TOYHOCTI
BHU3HAUEHHS MICLS CyJIHA CYIYTHHKOBOIO HaBIraliiHOIO CHUCTEMOIO, SIKUH BLAKUAAE
rifnore3y po3moAuTly MOXHMOOK BUMIPIOBAHHS LIMPOTH Ta JOBTOTH 33 HOPMaJIbHUM
3aKOHOM, YUM MOTHBYETHCSI HEOOX1IHICTh BUKOPUCTAHHS 1HITUX 3aKOHIB PO3MOJLTY.

AHari3 00poOKU CTATUCTUYHUX MaTepiajiB MOXUOOK BUMIPIOBAHb IIPE/ICTABIICHO B
poborax [2, 3], Akui MOKa3zaB, IO iX PO3MOJLI BIPOTITHOCTI HE BiAMOBIIAE
HOPMAaJIbHOMY 3aKOHY. TOMYy BUHHMKJIA TOTpeOa BU3HAYUTH 3aKOH PO3MOJILITY MOXHUOOK
BUMIPIOBAHHA JESKMX HABIralIMHMUX IMMapaMeTpiB MPOBEAEHUX B peaJbHUX yMOBax
TUTABaHHS Cy/IHA.

JInst BU3HAaYEHHs 3aKOHY PO3MOJUTY MOXUOOK HaBIralliHUX BUMIPIOBaHb i 4Yac
pelicy cyHa MPOBOIUINCH cepii BUMIPIOBAHHS HaBITaliHUX MapamMeTpiB KiIbKICTIO
oinpme 100 BuMiproBaHb, SIKI 3[IMCHIOBAIMCS HA CTOSHII CyJHA, MPUYOMY 3a
nornoMoroo PJIC BuMiproBaiucs: IUCTAHIIIS 1 TIEJICHT Ha HEPYXOMUI OpIEHTHUD, a 3a
JIOTIOMOTOI0  TIpUiiMadya CyNmyTHHKOBOi HaBiramiiHoi cuctemu GPS dikcyBanucs
IIMPOTa 1 JOBrOTa Cy/IHA.

BumiproBaHHS BUKOHYBAJUCS B TPhOX MOpPTaxX HACTYNMHUM 4YMHOM. Crodatky
BUMIPIOBAJIUCS TEJICHT 1 JUCTAHIIS 10 OPIEHTUPY, 3aITUCYBAKCS iX 3HAUCHHSI, a MOTIM
Bimmiku PJIC 36mBanmcs. Ilicng mporo ¢ikcyBammcs koopauHatu cyaHa. Omneparris
MOBTOPIOBAjacs 4epe3 MesKWid 1HTepBal 4Yacy. [HTepBal dYacy MpOBENEHHS BCIX
BUMIPIOBAaHb IIJJAHYBaBCS Tak, 1100 B MEpIIOMY NOPTY BiH OyB SKHAWMEHIIUM
(6mu3bko 8 ronuH, 150 BUMIpIOBaHb), B APYrOMY MOPTY BUMIPIOBAHHS MPOBOAUIIUCS
npotsrom a06u (210 BuMipioBaHb), a B TPETbOMY MOPTY - MPOTATOM JABOX 10 (250
BHMIpIOBaHb). Pi3Ha TPUBANICTh 1 YKCIIO BUMIPIOBAaHb BUOMPANIHCS IS BHUSBIICHHS
BIJTMBY YNHHHKA Yacy Ha MOXUOKW BUMIPIOBaHb.

B koxxHOMY nopty Oynu ofepskaHi 4 cepii BUMiIpIOBaHb HaBITAl[IMHUX MapaMeTpIB,
a 3a 4Jac peiicy - 12 cepiif BuMipioBaHb. J[Ji1 KOKHOI cepli BUMIPIOBaHb BU3HAYAIIN
CepeHE 3HAYEHHS HaBITaIllIfHOTO MapaMeTpy 1 PO3paxoByBaIM 3HAYCHHS MOXUOKU
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BHUMIPIOBAaHb, SIKI B CYKYNHOCTI CKJaJajid BHUOIPKY MOXHOOK, 1[0 BUHUKAIOTH MpU
BUMIPIOBaHH1 BUOpaHOTO apamMeTpy. B iboMy BUMMaIKy MOXUOKH BUOIPKH SBIISIOTHCS
[ICHTPOBAaHUMH, TOOTO IX MaTeMaTHYHE OYIKYBaHHS piBHE HymO. Takox
PO3paxoByBaJIMCS JIUCTIEPCis 1 cepeiHe KBaJpaTUYHE BIIXUIJICHHS (C.K.B.) TOXHOKHU
KOXKHO1 BUOIpKH, SIK1 MpuBeeH] B Ta0I. 1.

Taomund 1.
XapaKkTepuCTUKHU BUOIPOK
[Topr | Hasiramitin. | Yucno Bu- |  Cepenne Hucnep- C.K.B.G
rmapaMeTp | MiprIOBaHb 3HAYeH. ciz D
[Tepruii TICJICHT 150 350,63° 0,173 0,415° =249
[lepmuii | nucTaHIis 150 0.1526 mm 5,85 242 M
[Tepmmii IAPOTA 150 15°24' 21 N 33,84 5,82 m
[Tepmmii JIOBroTa 150 73°48'.5 E 40,46 6,36 M
Hpyruii TICJICHT 210 217,41° 0,222 0,47° = 283"
Hpyruii | nuctaHIs 210 0.3378 mm 19,7 4,44 m
Hpyrui IAPOTA 210 28°49,10 S 47,13 6,87 M
Hpyruii JIOBroTa 210 32°02',89 E 44 4 6,67 M
Tpetiit TICJICHT 250 122,21° 0,246 0,496° = 29,76'
Tperiit UCTaHIIA 250 0.1206 mm 5,68 2,38 M
Tperiit HIAPOTA 250 14°41',00 N 38,11 6,17 m
Tperiit JIOBrOTa 250 17°25',43 W 39,84 6,31 m

Hanani mo koxHii BuOIpmi OyayBanacs ricrorpama 1 NpoBOAMIIACA TNEpEBIpKa
CTaTUCTUYHMX TIMOTE3, B MPOLEC] SKOi BU3HAYAETHCS CTYIIHb 3TOAM CTATUCTHYHOTO
Marepiajly BUOIpKHU 3 BUOPAHUMU 3aKOHAMU PO3MOIIITY BIPOT1IHOCTI MOXUOOK.

3amaya BUPIBHIOBAHHSA CTATUCTUYHOIO PSAY SIBISETHCA 334a4e€i0 HaWKpamoi
BIMOBIAHOCTI MDK CTaTUCTUYHUM 1 TEOPETUYHUM PpO3MOJALIAMH, TOOTO MIXK
ricrorpaMor0 BUOIPKM 1 KPHMBOIO ILIUIBHOCTI po3noniny. I[Ipuuomy Miporo Takoi

. : . o 2
BIJIOBIAHOCTI BUOpaHO KpuTepit 3roqu y - — [lipcona.
B sixocTi rinore3 B gaHiidi poOOTI BUOpaHl HOPMaJbHUN 3aKOH 1 3MillIaH1 3aKOHU

nepiuoro (1) 1 gpyroro (2) Tumy, MIUIBHOCTI SKMX MAaOTh HACTYTTHUIA BUTIISL [4]:

1
I’l+*

2" 2l 1
fixn = 21 1-3--2n—=1) (x2/2+ )"’ (n=6) )
1.5, n+l
fz(x)zl 3.5 (2n+11)a 1 —, (n<5) @)
V22rhel (2"t

1€ o - MaclITaOHUI MapameTp;
n — ICTOTHUI mapaMerp.

Po3paxyHok KpHTEpito 3rou ;(2 —Ilipcona MpoOBOAUTHCS 332 BUPA3OM:
2
Zz _ i(mi - NP,)
: NP. ’

1
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7ie M; - KUIbKICTh YIEHIB BUOIPKU B PO3PAII;

S - YUCJIO PO3psiB ricrorpaMu; N — KUIbKICTh YWICHIB BUOIPKH;

P, =F, (x;) - B, (x;.1), TYT X; - MexXi po3psiziiB TiCTOTPAMH;

Fi, (%) - GyHKIIiS pO3MOALIY FIIOTETUYHOIO 3aKOHY .

TakuM 4YMHOM, IJISI KOKHOTO PpO3PSAy PO3PaxOBYIOTHCS 3HAYCHHS (YHKIIT
pO3MOMUTYy Ha HOro MeXKax, M0 SIKHM BH3HAYAETHCA BEIWYMHA BipOTiAHOCTI P; |

. 2 . 2

no0ytky NP; i ckimamoBoro )| KpuTepiro 3rogm y~ .

Po3paxyHok P; ams HopManabHOTO 3aKOHY MPOBOJUBCS 3 BUKOPUCTAHHAM (DyHKIIIT
Jlamnmaca, a B pasi 3MIIIAHUX 3aKOHIB 3aCTOCOBYBajlacs iX (DYHKIIS PO3IMOALTY IS
nepioro (3) 1 apyroro (4) tury:

. (n—i)+l
no 2"y 2(n—1i)! X

S\V2m 1-3-[2n— (i - 1)]

Fkn(x):%+%arctg\/)2c_a+ ,(n<6) (3)

2
(L + a)n-i-l—i

. n (_1) J 0Ln+l+ j

Fra ()= 1-2"13- @n+ D{Y—— . ) (n<5) (@)
=00 = D1+ 7)) (62 4 204 3y x% +20)" T

CrnioyaTky 1151 KO’KHOT BUOIPKH BUBHAYUMO KPUTEPI1N 3ro/1d 7t - [Tipcona 1o Bcim
12 rinore3am (HOpMaIbHUHN 3aKOH, 3MilIaH1 3aKOHH TIEPIIOro TUITY 3 17 < 6 1 Apyroro
tuny 3 n<5). I'ictorpamu nepmoi i Apyroi BUOIpKK MaroTh 12 po3psAliB, a 1HIIUX
BUOIpOK - 20 po3psAliB, MPUYOMY JOBXKHHA KOKHOTO PO3psAYy piBHA MOJIOBHHI
3HAYEHHA C. K. B. 6. Tak SIK IIUIBHOCTI PO3MOAUTY 3raJldaHUX 3aKOHIB SBIISIFOTHCS
CUMETPUYHHMH, TO BiporimHocTi P; moctatHbo pospaxyBaTu njsi OJHI€T MOJOBUHU
PO3PSIIB ricTOrpamMu, HaAIIPUKIIaI, Ipu 12 po3psaax BiJ CbOMOTO A0 JIBAHAAIATOTO. A
BiporimHocTi P, nmns  iHmIOT TONOBMHU  pO3psiNiB  JOPIBHIOIOTH 3HAUYCHHSIM
CUMETPUIHHX PO3PSAIB MEepIIoi mosoBuHM, To0T0 P =P, , P, =Py ,....., Pc =P;.

B tabmn. 2 npuBeneHi 3HaueHHs P; 115 HOpMabHOTO 3aKOHY.

Tabmuus 2.
Biporignicts P; mis HopMansHOTO 3aKOHY
Po3psu 6,7 5,8 4,9 3,10 2,11 1,12
P, 0.19146 | 0.14988 | 0.09185 | 0.04406 | 0.01654 | 0.00486

Jlis 3MimaHuX 3aKOHIB MEPIIOTO 1 APYroro THUIy 3HaueHHS BiporimHOCTI P

. . . —4
NpEeCTaBIIeH] B Ta0JI. 3, AKi MOTPiOHO MOMHOXHUTH Ha 10 .

218



TRANSPORT
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW

PARADIGMS
Tabmums 3.
Biporignicts P, my1s 3Mimanux 3aKoHIB
Posp. | 10,11 9,12 | 8,13 | 7,14 | 6,15 | 5,16 | 417 | 3,18 | 2,19 | 1,20
3Mimaduii 3aKOH MEPIIOTO TUITY X 107
n=1 | 2750 | 1340 | 510 | 200 90 44 24 14 9 6
n=2 | 2260 | 1470 | 710 | 310 | 130 57 27 14 7 4
=3 | 2140 | 1490 | 780 | 350 | 140 60 25 11 5 3
n= 2080 | 1490 | 810 | 370 | 150 59 23 9 4 2
n=5 | 2040 | 1490 | 840 | 380 | 150 58 21 8 3 1
n=6 | 2020 | 1500 | 850 | 390 | 160 57 20 7 2 1
3MimaHui 3aK0H JAPYroro THITY X 107
=1 | 2410 | 1440 | 650 | 270 | 120 54 27 15 8 5
n=2 | 2190 | 1480 | 750 | 330 | 140 58 26 12 6 3
n=3 | 2100 | 1490 | 800 | 360 | 150 59 24 10 4 2
n=4 | 2060 | 1490 | 830 | 380 | 150 58 22 9 3 1
n=5 | 2030 | 1500 | 840 | 390 | 150 57 21 7 3 1

Takum 4MHOM 117151 KO’KHO1 BUOIpKH Oy po3paxoBaHi 3HAYEHHSI KPUTEPIIO 3011
x° — IlipcoHa 13 pO3MISIHYTUMHU 3aKOHAMH PO3IMOAUTY BIPOTIHOCTI MOXHOOK, 1

3aKOHOM PO3MOJLTY BHOMpaBCS TOM, IJIs SKOTO KpUTEpId 3roju 7’ —Ilipcona mae
MiHIMaJIbHE 3HAYECHHS.

KpiMm po3paxyHKy KpHUTEpIilO 3roiu 7? —[lipcona cnig MOpiBHATH TiCTOrpamy 3
KpUBOK IIUIBHOCTI, MO SIKIA BU3HayaBcAd Kputepid 3rogud. Tomy uisl KOXKHOI
ricrorpamMu BigoOpaxaeTbes 12 KpuBUX MUIbHOCTI. 15 Toro, 1mo0 KpHBI IMIIBHOCTI
Oynu CHIBBIJICTaBHI CJ1J] BUKOPUCTATH HOPMOBAHI IIUIBHOCTI, JHUCIEPCIs SKHUX
nopiBHIOE ouHMIN. OYeBUAHO, 11 HOPMAIBHOTO 3aKOHY HOPMOBaHA IIIJILHICTH Ma€

1 772
: = exp(--=).
BHUpas g(77) m p( ) )

Po3zrisitHeMo Bupasu 11 HOPMOBAHUX IIUIBHOCTEN 3MIIIAHUX 3aKOHIB PO3MOLTY.
B 3aranpHOMY BHITagKy HOpMOBaHa IIUIBHICTH g(77) 3B'I3aHA 13 CTAHIAPTHOIO

nritbHICTIO f(£) HACTYITHUM YHHOM [4]:

g =1, f(n),

ne My - nucnepcis po3noaity.

J1 3MiIIaHOTO 3aKOHY MEPILIOTo TUITY AUCIIEPCis Ma€ TaKUi BUpas3:

2a
=——, (n>0
y25) 1 ( )

TOMY HOpPMOBaHa IIIbHICTh g (77) 3MIIIAHOTO 3aKOHY MEPIIOrO THITY:
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1
2 2nan+5n' 1
gl(n): . s (l’lS6)
2n—1271-3-2n-1) ( 2a 212+ o)™
2n —
abo
2" 1
— ) <6
& () N2n—=171-3--(2n—1) ( n’ L1y (n=9)
2n—1

AHaNITHYHI BUpPa3W HOPMOBAHOI IIUIBHOCTI 3MIMIAHOTO 3aKOHY PO3IMOILTY
nepiroro tTuny g,(7) ans icToTHOro mapamerpy 7 < 6 mpuBelieHi B Ta0I. 4.

Tabmuus 4.
HopmoBaHi IUTBHOCTI 3MIIIAHOTO 3aKOHY PO3MOALTY NEPIIOrO TUITY
g (x) AHaNITU4YHI BUpa3u
0,637
n=1 (x* +1)°
0,490
n=2 (2 /3+1)
0,456
n=3 (x2/5+1)*
0,439
n=4 217 +1)°
0,431
n=> (x2/9+1)°
0,425
n=6 (2 /11+1)

J171st 3MIIIaHOTO 3aKOHY PO3MOLITY JPYTOro THITY aHATITUYHHUM BUpa3 AUCTIEPCIi:

a
Hy=—- (n>0)

n
HopMoBaHa mibHICTh g, (77) BUIJISAa€ TAKUM YHHOM:
al-3--2n+1)a™! 1
82(77):\/: ( 1) p , (n<5)
n S22+ (7772/2+a)n+3/2
n
abo
1-3--2n+1 1
g,(m) = ( ) 5 . (n<5)
N2n2" 1T 32
(2 +1)
n

B tabn. 5 mpuBeneHO aHamITUYHI BHpPa3M HOPMOBAHOI HIUIBHOCTI 3MILIAHOTO
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3aKOHY PO3IMOJILITY IPYroro THIY g, (77) IUist iCTOTHOTO mapameTpy n<5.

Taomund 5.
HopMoBaHi miJIbHOCTI 3MIITAHOTO 3aKOHY PO3MOAUTY APYTOTO THUITY
gp(x) AHanITU4YHI BUpa3u
0,530
n=1 5 5/2
(x°/2+1)
0,469
n=2 5 7/2
(x“/4+1)
0,447
n=3 (x2/6+1)9/2
0,435
n=4 5 11/2
(x°/8+1)
n=>5 0,428
) 13/2
(x*/10+1)

B skocTi mpukiiany Ha puc. | mpuBenEeHO ricTorpamy nepiioi BUOIpKH, KpPHUBI
IIUTBHOCTI, SIKI pO3paxoBaHi 1Mo BUpaszam Taodi. 4 1 Tabi. 5, Ta BIANOBIAHI iM KpUTEpIi

srogu y~ —IlipcoHa. 3 11BOi CTOPOHM PUCYHKY MMOKa3aH1 KPUBI UIUIBHOCTI 3MIIIAHOTO

3aKOHY PO3MOJUTY TEpIIOr0 THITY 1 BIJIMOBIAHI 3HAYCHHS KPUTEPIIO 3TO1H, SIKi
no3HavyeHi K1...K6, npuyomy OuLIsI HMX TNOKa3aHl KOJbOPH BIANOBIAHUX KPUBHX
I[UTBHOCTI. AHAJOTTYHO KPUBI HIUIBHOCTI 1 KPUTEPIT 30y, ki no3HaueHi P1...P5, qis
3MIIIAHOTO 3aKOHY PO3MOILIY APYroro TUIY BIAOOpaXKeHi 3 MPaBOi CTOPOHHU PUCYHKY.
MiHnimanibHe 3HaueHHs kputepito 3roau G=0,980 BianoBigae HOpMaIbHOMY 3aKOHY, 1,
AK BUJHO pUC.2, KPUBA LIIJILHOCTI HOPMAJIbHOTO 3aKOHY
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— = 0530 GAUSS Yibirka N1
—_— K1=35]15 — P{-Zs [igtagram |
p— 2= 244E f——— P} =2393
— K3 =236 —_— a7
— K4 = 2373 S ————-
— kG =2300 — PRz
laf="2
e KE=2380
Mew
Yibarka |
[Criterius |

-124-100-75 -50 -26 0 25 6O 75 100 124 -124-100-75 B0 -25 0 25 &0 75 100 124

Puc. 1. KpuBi miJIbHOCTI 1 KpUTEPii 3ro/id NepIoi BUOIpKu
Bnacha po3po6ka aBTopa

AL GAUSS Wibirka Ne1
J—— TR / Gistogram |
— 2= 24 AR
— 3= 23,7
—— 4= 237
— K5 =238 o
— K= 23,8 / |
— P1=2E25
— P2 =230
—| F3=237 Mo
——| P4=237 _l

P& = 23,84
Yiborka 1 |
\ [Criterius |

£ s

-124 -100 -75 -50 -25 I 25 &0 75 100 124

Puc. 2. KpuBa miibHOCTI HOpMaJILHOTO 3aKOHY
Bnacna po3po6xa aBTopa
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YepBOHOTO KOJHOPY HAWKpaIIMM YUHOM BiJIMOBIAA€ TiCTOrpami.

Ha puc. 3 nmokazaHo ricrorpamy 4eTBepToi BUOIPKH, KPUBI IILJILHOCTI 1 iX KpUTEpii
sromu x> — Ilipcona. 3MilIaHOMY 3aKOHY pPO3IOILLY APYroro TUIy misi n=l
BIJINTOBIIa€ MiHIMaJbHE 3HAYCHHS KpHUTepito 3roau P1=2,381, a fioro kpuBa mijasHOCTI
Ta ricTorpama BigoOpakeHi Ha puc. 4.

[TincyMKOBi pe3yNibTaTH HATYPHUX CIIOCTEPEKEHb MPUBECHI B Ta0I. 6.

Tabmwmia 6.
[TigCyMKOBI1 pe3yJIbTaTH HATYPHUX CIIOCTEPEKEHD

N BuGIpkH Hasirar. Kinbk. 3aKOH pO3MOo/I. 2 [Tepion
napameTp YJICHIB X CIIocTep.

1 MIEJICHT 150 l'ayca 0,980 & roauH

2 JTUCTAHIIA 150 l'ayca 0,980 8 roquH

3 IMpOTa 150 l-rotTuny n=4 | 2,651 8 rOauH

4 JIOBIoTa 150 2-ro tany n=1 2,381 8 roquH

5 MeJIeHT 210 1-ro Ty n=2 2,443 1 no6a

6 IUCTAHIA 210 2-T0 TUIY N=2 2,302 1 moba

7 IAPOTA 210 l"ayca 1,603 1 moba

8 JIOBroTa 210 1-ro Tuny n=1 2,853 1 moba

9 TIEJICHT 250 2-rotuny n=3 | 2,204 2 nobu

10 IUCTAHIIIS 250 2-ro TANy n=3 2,204 2 nobu

11 IMPOTa 250 l-ro Tumy n=1 | 2,571 2 obu

12 JIOBroTa 250 2-ro Thny n=1 2,425 2 nobu

| MIX 2 (PIRSON). n=1 Yibirka N*4

G=8744

K1 =701 [Fistogram

K2 =2803
Ki=3912
K4 = 4,838
Kb =5537
KB =6.086

P =233
P2 =3275
P =4 450
P4 =5272
Ph =5855

t

=2

Mew

Yiborka 4

[Eriteriuz

i

o8 13 13 2% 32 -32 -5 19 13 B o0& 13 13 258 32

Puc. 3. KpuBi miJIbHOCTI 1 KpUTEPii 3r011 YETBEPTOI BUOIPKU
Brnacha po3po6Oxka aBTopa
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s /\ MIX 2 (PIRSON). n=1 Vibirka Ne4

k1= 7.001 [Fistagram
k2 =2E03
k3=3912
k4 = 4838
k5 = 5587
KE = E.086

£

[r=1

P1=23531
P2=327%
P3=4.450
P4=5272
PG5 =5.855

Yiborka 4

[Criterius

[l

-32

25 -19 -13 -B I B 13 14 2h 32

Puc. 4. KpuBa mUIBHOCTI 3MIIIAHOTO 3aKOHY PO3NOJALTY IPYroro TUIy i n=1
Brnacha po3po0Oxka aBTopa

AHani3 miicyMKoBoi Ta0J. 6 Mmokasye, I0 MOXUOKM BUMIPIOBAHHS HaBITaLlITHUX
napameTpiB (MeJeHra 1 JUCTaHIli), oJepkaHl Ha OOMEXEeHOMY 1HTepBaji yacy (8
TOJIMH), K 1 MOXUOKH MHUPOTH (24 TOAMHM) MiIAKOPSIOTHCS HOPMAIBHOMY 3aKOHY
po3noaury BiporigHocTi. [ToxuOku BU3HAUCHHSI MIMPOTH 1 JOBIOTH HA 1HTEPBAl Yyacy
8 TOIWH PO3MOJIIJICH] 3a 3MINIAHUMHM 3aKOHaX 000X THUIIIB. L]e MOsSCHIOETHCS THM, IIIO
KOOpJIMHATA  CyJHAa  pO3PaxOBYIOTbCS IO  HaBITAIIWHUX  MapaMeTpax
(ceBAOBIACTaHAM) 1 TOXUOKHU pE3ybTaTiB PO3paxyHKy, TOOTO KOOPJIWHAT, MOXYTh
MaTl pO3MOJL BIAMIHHUNA BiJi HOPMaJbHOTO, IO 1 TOKa3aB aHalli3 TPEThOl Ta
YeTBEPTOi BUOIPOK.

[ToxnOKM BUMIPIOBAaHHS MEJIEHTa 1 AUCTAHIII], HE KaKY4YHd MPO MOXUOKH HMIMPOTH 1
JIOBIOTH, Ha OUTBIIOMY 1HTEpBaJl yacy (100a 1 OuIbIe) miJIersi 3MIlIaH|uM 3aKOHaM
pO3MOALTY, CTYIIHb BIIMIHHOCTI SKUX BlJ HOPMaJbHOTO 3aKOHY MNPONOPLIMHMIMA
1HTEepBaly yacy (popmyBaHHs BUOIPKH MOXMOOK HABITALIITHOTO MapaMeTpy.
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IHOKPAIIEHHS ITPOUHECY 3SMALLYBAHHA
HUAJITHAPO-IIOPITHEBOI I'PYIIN IBUI'YHA ST/1®

Kuaimos Ouaexciii [lerpoBuu

JoxTtop dimocodii

Havaneuuk kadenpu

BbpoHeTaHKOBOT0 030pO€EHHS Ta BIHCHKOBOT TEXHIKH

BilicbKOBOTO IHCTUTYTY TAaHKOBUX BIMCBHK

HarionansHOT0 TEXHIYHOTO YHIBepcUTeTY «XapkiBchkuil [lomiTexniunuii [HCTUTY T

BacuiabeB Muxaiiio Ly

Kanguaar TexHiuHUX HayK,

Houent kadenpu bponeraHkoBoro

030pO€HHS Ta BIMCHKOBOI TEXHIKH

BiiiCbKOBOTO IHCTUTYTY TAHKOBHUX BIMCBHK

HarnioHanpHOro TEXHIYHOTO yHIBEPCUTETY «XapKiBchbkuid [lomiTexHiunuidi [HCTUTYT»

Maprunenko Muxkosa MuxanjaoBu4

Kanauaar TexHiuHUX HayK,

Crapumii Bukiagau kapeapu

BpoHeTaHKOBOro 030pO€HHS Ta BINCHKOBOI TEXHIKH

BiiicbKOBOTO IHCTUTYTY TAHKOBHX BIMCBHK

HarioHanbHOro TEXHIYHOTO yHIBEpCUTETY «XapKiBchbkuid [lomiTexHiunuii [HCTUTYT»

Jlyukanb Anapiu IlerpoBuu

Crapumii Bukiagau kapeapu

BpoHeTaHKOBOro 030pO€HHS Ta BINCHKOBOI TEXHIKH

BiiicbKOBOTO IHCTUTYTY TAHKOBHX BIMCBHK

HarioHanbHOro TEXHIYHOTO yHIBEpCUTETY «XapKiBchbkuid [loniTexHiunuii [HCTUTYT»

Taxrapos Muxaiisio Bosioxumuposuy

KypcanT 3 kypcy dakynbrery

030pO€HHS Ta BIMCHKOBOI TEXHIKH

BiiicCbKOBOTO 1HCTUTYTY TAHKOBHUX BIMCBHK

HarnioHansHOro TEXHIYHOTO YHIBEpCUTETY «XapKiBchbkuid [TomiTexHiunuii [HCTUTYT»

Amnanizytoun ymoBu pobotu LIII' nBuryna STHA®D, 6aunmo, M0 OCHOBHUMH
(dakTOopamMu HaBaHTaXeHHS € [1]:

« Temmeparypa: 200-350 °C

e THCK Ta3iB: 10 8—12 Mlla

e IIBHUAKICTH KOB3aHHA: 10 10—15 m/c.
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To6to aBuryn ST/I®, mpaitoe B yMOBax: BUCOKUX TEMIIEPATyp, 3HAUYHUX THUCKIB
Ta HECTaO1ILHOTO 3MAIyBaHHS.

Huningpo-nopiiHeBa rpyna € HaWOUIbII HaBaHTAXKEHUM BY3JIOM JBUTYHA
BHYTPIIIHBOTO 3ropsiHHsA. (OCHOBHOIO TPUYMHOIO BHUXOAY JBUTYHA 3 Jagy €
3HOIIIYBAaHHS T'1J1b3 HWJIIHJPIB 1 HOPIITHEBUX KIJIEIlb.

OcHOBHUMU ITpuYMHaMHU 3HoNTyBaHHs aeranen LTI e:

o MexaHiuHe 3HOIIYBAHHSA: TMOCTIMHUM KOHTAKT MiIX MOPIIHEM, KUIBISIMU Ta
CTIHKaMU IWJIIH/pa MPU3BOAUTH A0 aOpa3UBHOTO 3HOIIYBaHHS.

o TepmiuHe 3HOIIYBAaHHS: BHCOKI TEMIEpPaTypu CIPUAIOTH YTBOPEHHIO
MIKpOTPIIINH Ta AePopMariiii.

« Kopo3siiiHe 3HOIIYBaHHSA: BIUIUB arpeCUBHUX MPOIYKTIB 3TOPSHHSA MaJIbHOTO.

OCHOBHMMH 03HaKaMHU HECIPABHOCTI KPUBOILIUITHO-IIATYHHOI'O MEXaHI13My € [2]:

- CTOPOHHI CTYKH Ta IIyMH;

- 3HWKEHHS MTOTYKHOCTI1 IBUTYHA;

- MJIBUIIIEHA BUTpaTa OJIMBH;

- IEpEBUTpATa NAJINBA;

- I0sIBa AMMY Yy BIJIIIPallbOBAHUX ra3ax TOIIO.

CTykH Ta HIyMH y ABUTYHI BAHUKAKOTh YHACJTIIO0K:

- MIJIBULIEHOTO CIIPAllbOBYBAaHHS OCHOBHUX J€TaJICH;

- 30UIBIIICHHS 3230PiB MK CIPSDKCHUMHU JIETAJISIMU.

3HMKEHHSI MOTYKHOCTI JIBUIYHA CHPUYMHIOETHCS 3MEHIIEHHSIM KoMIpecii
(THCKY po0040i cyMillli HAPUKIHLI TAKTY CTUCKAHHA B WIWIIHAPi) BHACTIIOK:

- TOPYUIEHHS YUIUIbHEHHS MTPOKIAIKOI0 TOJIOBKH HWIIHAPIB y pa3l ciabkoro adbo
HEPIBHOMIPHOTO 3aTATyBaHHs raloK KpiTyIeHHs a00 MOIIKOKEHHS TPOKIIAIKH;

- IPUTOPSIHHS KUIellb y KaHABKAaX MOPILHA Yepe3 BIAKIAJEHHS CMOJIUCTUX PEUOBUH
1 Harap;

- CIIpallbOBYBAHHS, MOJIOMKH a00 BTpaTH MPY>KHOCTI KUJIEllb;

- CIIpaIlbOBYBAHHS CTIHOK IFUTIH/PIB.

IlinBuimena BUTpaTa OJMBH, NEpPEeBUTPATa MAJMBA TAa JUMHHH BHIIYCK
BiANpPanbOBaHUX ra3iB Ciporo KoJbopy (IpM HOPMAJBLHOMY PiBHi 0JMBH B
KapTepi) 3'IBJISIIOTHCA BHACTIIOK:

- 3QJIATaHHs MOPIIHEBUX KUIELlb;

- IXHBOI'O CIIPalbOBYBAHHS.

Sk mMu 0auuMO B KOXHIM 13 O3HAK HECIPABHOCTI KPUBOIIMITHO-IIATYHHOTO
MEXaHI3MY €:

- M1IBUILIEHOTO CIIPal[bOBYBaHHS OCHOBHUX JI€TaJEH;

- 301IBILIEHHS 3230PiB M1k CIPSLKEHUMHU JIETaISIMU;

- CIIpallbOBYBaHHS, MOJIOMKH a00 BTpaTH MPY>KHOCTI KiJIEllb;

- CIpaIlbOBYBAHHS CTIHOK LIMJIIH/IPIB,;

- CTIpallbOBYBAHHSI K1JICIIbh.

3aranom 3HomryBauHs L{[1I" mpu3BOoaUTH 10 3HMKEHHS KOMIIPECii, TiBUIICHHS
BUTPAaTU MaJbHOTO Ta 3MEHUIEHHS 3arajbHOr0 pEeCypcy JABUTYHA. 32 JaHUMHU
nocaikens [3], o 60—70 % BciX BiAMOB IM3ENIbHUX ABUTYHIB MPHUIANa€ Ha Mapy
TEPTS «IMOPIITHEBE KIIbIIE — I'JIb3a IUIIHIPAY.
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OnauM 13 epekTUBHUX CcITOC001B MmiBHIeHHS 3HOCOCTIMKOCTI LTI € mokpamenHs
il 3MallyBaHHs HUISIXOM TaJIbBAaHIYHOIO XPOMYBAHHS, IO JAa€ HU3BKUN KOE(ILI€HT
TEPTA Ta KOPO3iiHY CTIHKICTH [4].

OCHOBHUMHU BJIACTUBOCTSIMH XpOMY €: BHCOKa TBEpJICTh, BHUCOKUU OIIip
3HOIIYBaHHIO, KOPO3iiHA CTIMKICTh. TBEPAICTh XpOMY JIOCUTh BUCOKa i ocsarae HB
700-800. Temmneparypa miaBieHHs xpomy 1600°C. Xpom no0pe BUTpUMYE IitO
BHUCOKHX Temriepatyp 1 rpu HarpiBaHHi 10 S00°C He 3MIHIO€ KOIbOpY. XPOM J1a€ TapHy
MOPOTHUALT BIUIMBY KHCJIOT 1 CIPUMCTUX CIIOJIYK Pa30M 3 KAPOCTIMKICTIO i BHCOKOIO
3HOCOCTIHKICTIO, [0 € TOCUTH BaXJIMBOIO BIACTUBICTIO JIJIS IETAJICH, 110 MPAIIOI0Th Yy
razoBoMy cepenoBuiii. Li BIacTUBOCTI XpoMy JA03BOJISIOTH 3/11HCHIOBATH XPOMYBaHHS
TaKUX BIAMOBINATLHUX JETAJNCH, SIK TUTh3W IIWIIHAPIB 1 MOPIIHEBUX KiTEb [5].

VY migpyyHukax 3 (OpCOBaHMX JBHUIYHIB BIMCHKOBOI TEXHIKM 3a3HAY€HO, W10
’KapoBe KIJIbLIE BXKE MAa€ XPOMOBOJIb()paMOBe rajibBaHIuHE TOKPUTTS TOBUIMHOO 0,10—
0,16 MM, 110 3HMKYE 3HOC HA 30—40 %. ['inb3u azoTyroThes (rnubuna 0,3-0,5 mm, HV
>750), ane J0/1aTKOBE XpOMYBAHHS 30BHINIHBOT MOBEPXHI MIiJABHUIILYE OIIp KaBiTaIlli
[6], TakuM uyuHOM, JiTepaTypa MIATBEPIKYE MEPCIEKTUBHICTH XPOMYBAHHS, aje
BiJicyTH1 cucteMH1 AaHi came s STD 3 npoTuiieKHO-pyXOMUMH MOPIIHIME [7].

TexHos0TIA XpOMYBaHHS MOJISATAE B HACTYITHOMY:

o ["anpBaniune ocamxenHs B enekTpodiTi CrOs; + HaSO4 3 no6aBkamu W a6o Mo
(pexxuM: temriepatypa 50-55 °C, minnbHIcTh cTpyMy 30-50 A/am?).

o Tosmunua mapy: 0,12-0,15 MM Ha poOOYHX TOBEPXHSX.

o Ilicns XxpoMyBaHHS — XOHIHTYBaHHsI Ta NpurpamoBaibie nokpurts (Cu +
MoS, + Si10;) [8].

3BEpHYTH yBary, 1o y KoHcTpykuli ST/P xpoMyBaHHS BXXe 3aCTOCOBY€EThCS AJIsA
MOPIIHEBUX KUJICIh (BEPXHIX KOMITPECIMHUX).

JUist BUTOTOBJIEHHS T1b3 UWIIHAPIB nBUryHa 5 TJ(® BUKOpUCTOBYIOTH CTalb
38XMIOA, neroBaHy ailOMiHIEM, IIO JOOpE a30TY€ThCSA, a30TYIOTh BHYTPILIHIO
MOBEPXHIO TJIb3H (J13epKaio) 3 3a0e3nedeHHsIM TuOMHU a3oToBaHoro mapy 0,30-0,50
MmM. [Ipu iboMy TBEpAICTH 1IbOTO APy 1Mo Bikepcy moBuHHA ckiianaTty HEe MeHI 750
OJWHUIIL, TOOTO a30TOBaHa CTAJIb caMa Mo co0l1 € HaA3BUYaWHO 3HOCOCTINKOIO [6].

IopiBHSUIbHI XapaKTEePUCTUKH:

Hoxpurrs /| Teepaicts (HV) | Kpuxkicts | YTpMMaHHA MacTH/IA
MarepiaJ

A30TOBaHA 950-1100 Bucoka Husbke (13epkaio
38XMIOA

IMopucruii xpom 850-1000 Cepenns Bucoke (uepe3 nopmu)

A3zotoBanuii map: dyxe tBepauii (HV 900-1100), ane Tonkuii (0.3-0.5 mm). Ilpu
poboTi B mycTeni abo B yMOBaxX CHJIBHOTO aOpa3uBy BIH MOXKE BHUKpPUIIYBAaTHUCA
(KpUXKICTB).
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XpomyBaHHs (mMOpucTe): Mae Taky K TBEpAICTh, aje Kpaiie yTPUMYye MACTHIIO
3aBaskd nopaM. Crans 38XMIOA no6pe mignaerbesi raibBaHIYHOMY XPOMYBAHHIO
1CIIs BIATIOBITHOT M1JTOTOBKY MTOBEPXHI.

JIns KUIBKICHOI OINIHKK €()EeKTUBHOCTI XPOMYBAHHsS BUKOPHCTAHO KIIACHYHY
3allexKHICTh TpuOoJorii — 3akoH Apuapaa [9]. O6’em 3HomieHOro Mmarepiany V
IPOIOPLITHII HOpMalIbHOMY HaBaHTaxkeHHIO F (a0o W, L) Ta nusixy koB3anss S (a0
L), 1 obepHeHo nponopiiitHuit TBep10CTI MaTepiany H:

V=k-(F-S)/H

ne:V — 06’eM 3H0CYy, MM? (200 M?);

o F (abo W) — HOpManbHe HaBaHTakeHHS (cuia), H;

o S (abo L) — nusx tepTs (KOB3aHHS), M;

o H — TBepaicTs MaTepiany (3a3Buyail MikpoTBepaAicTh 3a Bikkepcom, HV a6o y
MIla);

o k — 06e3po3mipuuit koedimieHT 3H0Cy (Wear coefficient), sikuil 3anexKuTh Bijl
YMOB TEpTs, MAllleHHsI, MaTepiaiiB, pexumy (aaresiiinuil, abpazuBHuil To1o). s
M’sikoro 3Hocy k = 1076...1078, mis Baxkoro — 1073...107*

Jlns miHiHOTO 3HOCY (rIMOMHA 3HOCY h Ha IJIOII KOHTAKTy A):

h=V/A=k-(p-S)/H

ne p = F/A — nutomMuii TUCK (KOHTaKTHUN THUCK).

BuxiaHi 1ani (Ha OCHOBI TUTIOBUX YMOB):

o Jleranp: mopiHEeBe KUIbIle — Tiib3a IwiIiHApa (3ona BMT —
HaiHTEHCHUBHIIIUI 3HOC).

o Cepenne HopmanbHe HaBaHTaxeHHs Ha kutblie F = 150 H (mpubnusno, 3
ypaxyBaHHSM THUCKY Ta3iB 1 MPYKHOCTI KiJIbIIS).

o Ilmomia kKoHTaKTy KUIbLS 3 T1Ib3010 A = 120 MM? (HOBKMHA KOHTAKTy =~ 1 MM 10O
BHUCOTI KUIBLISL X OKPYXHICTB).

o Konrakthuii Tuck p = F/A = 1,25 MlIla (peansHo B 301 BMT moxe Oytu
BUIINM, ajie OEpEMO CEepEIHE).

o Ilnax koB3aHHs 32 1 MOTOTOMHY: CepeaHs BUIKICTD nmopiiHs ~ 14 m/c. 3a 1
roauny (3600 ¢) oauH nopuieHb poOUTh Oarato HUKMB. JJ11 CIpOIIEHHS BI3bMEMO S
= 50 000 m 3a 1 moToroguny (mMpuOIMU3HE 3HAYECHHS JJIsI IBOTAKTHOI'O JIBUTYHA 3
MPOTUIICKHO-PYXOMUMU TMOPIIHIMU; TOYHIIIE PO3PAXOBYETHCS K 2 X XiJ TIOPIIHS X
YHUCJI0 00EPTIB).

« TBepaicTh mTaTHOi a3oToBanoi ruk3u Hi = 650 HV = 6370 MIla.

o Tsepuicts xpomoBanoro mapy Hz =920 HV = 9024 MIIa.

o Koedimient 3Hocy Kk (€KkcmepuMeHTanbHO): IJisi MTaTHOI mapu = 5 x 10°°
(tumoBe myisi rpanmyHoro mamieHHs B L{IIT); micns xpomyBanHs K 3MeHITyeThCs
3aBJSIKU KpaloMy YTPUMaHHIO MacTuiia — npuiimaemo Kz = 2,2 X 107% (3MeHILIeHHS B
~2,3 pa3n).

OTxe, 3MeHIIEHHS Koe(illieHTa 3HOCY A 3aBISKM KpaloMy YTPUMaHHIO
MAacCTWIBHOI TUNIBKM MPU3BOJIUTHL 10 3MEHIICHHS 00’eMy 3HOcy B 2,3-3,3 pasm.
[Ipuknan po3paxyHky st ymoB asuryHa (F =150 H, S = 50 000 m/roa, A = 120 mm?)

229



TRANSPORT
TECHNOLOGY AS AN EXTENSION OF MAN: THE LIMITS OF THE POSSIBLE AND NEW
PARADIGMS

MOKa3y€e 3MEHIIEHHS TIIHMOWMHHOTO 3HOCY Tumh3u 3 0,028 MM mo 0,012 mm 3a 250
moTtoronuH. Lle 3a6e3neuye npupict pecypey LI va 56 % (3 500 1o 780 MoToroaunH).

OT1xe MOKeMO 3po0OMTH BUCHOBKH, 1110:

A3zotoBanuii map ctam 38XMIOA (HiTpuau 3aii3a Ta aJlOMiHII0) Ma€ TBEPAICTh
HV 900-1100, o cniBmipHo 3 TBepauM xpomom HV 800—-1000;

A3zoroBanuii map 36epirae TBepaicTs 10 500 C°, Tozi ik XpoM MOYMHAE BTpayaTu
tBepaicTh Bxke mpu 400 C°. Ane, y ST/I® KpUTHYHMM € HE HPOCTO TBEPMICTh, a
3MainyBaHicTb. MacTtunoemuicty (KmtowoBmii dakrop mmst STH®D) me romoBHUIA
apryMEHT Ha KOPUCTh XPOMYBaHHSI.

AzotoBana ctanb: lloBepxHs michs ¢iHimHOTO UUTI(QYBAaHHS HAI3BUYANHO
nriibHa. B ymoBax nBotaktHoro mukiny STHA®D, ae MacTuio 3ropae mBUIIIE, BUHUKAE
Ae(pIIUT MaCTUIILHOTO 1IApYy.

[Topucte xpomyBaHHs: 3aBISKHA TaJbBaHIYHOMY IMpoleCy (aHOJHE TPaBJICHHS
MICIISL OCA/IKEHHS) HA TIOBEPXHI CTBOPIOETHCS CITKA MIKPOKAHAMTIB.

HocnimxeHHs: TpuOOTEXHIYHUX BJIACTUBOCTEH (Harp., nmpati .M. 'apkyHnosa [9])
JIOBOJSATH, 110 MOPUCTUH XpOM yTpuMye y 3—5 pas3iB Ouibllle MacTUIa Ha OJAMHHUIIIO
TUJIOIIII, HI’K a30TOBaHa MOBEPXHSI.

SIKIo MU MOPIBHIOEMO a30TOBaHY CTajlb 1 XPOM — IHTEHCHUBHICTh 3HOCY B
yCTAJICHOMY pexuMi Oy e npuoimu3Ho ogHakoBoro (1:1.1).

AJIE! Pecypc nBUryHa 3aKiHUYETHCS HE Y€pe3 MOCTYMOBHUI 3HOC, a Yepe3 3aupu
Ta BUKPUITYBaHHSA. XPOM MEHII CXWIBHHA 10 KPUXKOTO BUKPHUIITYBaHHS, HIXK
repea3oToBaHUM map, 3a 1JIECHTUYHUX NMOKa3HHMKIB MikpoTBepaocti (HV 950-1050),
MOPUCTE XPOMOBE MOKPUTTS 3HUKY€E IMOBIPHICTh CXOIUTIOBaHHS (3a1upiB) Ha 30—40%
MOPIBHSHO 3 a30TOBaHUM I1apoM ctaii 38XMIOA 3aBasiku akyMyJIFOBaHHIO MacTHIIA
B MIKpOIIOpax.
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