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OPTIMIZATION OF IRRIGATION REGIMES IN
COTTON CULTIVATION IN AZERBAIJAN:
DIRECTIONS FOR WATER SAVING, YIELD AND FIBER
QUALITY IMPROVEMENT

Azizli Rauf,

student
Azerbaijan State Agrarian University

ABSTRACT

This thesis examines scientifically-based irrigation management impact on cotton
yield, water use efficiency and fiber quality in Azerbaijan. The State Statistics
Committee reports 102,781.5 ha planted area, 310,825.2 tons production and 30.3 c/ha
average yield in 2024 [1]. Operational 2025 data shows 35.40 c/ha yield [2]. Traditional
furrow, drip, sprinkler and pivot systems are compared; soil moisture monitoring,
stage-aligned irrigation timing, fertigation, salinization control and precision
agriculture are evaluated. The conclusion substantiates a regional soil-climate based
management model with measurement and phased approach.

Keywords: cotton cultivation, irrigation regime, drip irrigation, furrow irrigation,
water saving, soil salinization, yield, fiber quality, fertigation, precision agriculture

INTRODUCTION

Cotton is a strategic raw material for the global textile industry and among the most
water-demanding crops. In Azerbaijan, cotton production concentrates in irrigated
flatlands of Mil-Mughan, Shirvan-Salyan, Karabakh and Central Aran regions, where
high summer temperatures and limited rainfall intensify irrigation dependence [5, 6].

Improper water application causes soil compaction, rising groundwater and
secondary salinization. The goal is delivering water when needed, in amounts the soil
can absorb, through controlled methods. The World Bank notes increasing water
scarcity in Azerbaijan, with high dependence on transboundary sources and climate
change pressures [5]. Approximately 61.5% of cultivated areas are irrigated, making
water saving a national resource management issue [6].

Beyond yield volume, fiber length, strength, uniformity, micronaire and color
determine textile industry value [14]. This thesis analyzes irrigation methods, regime
determination principles and linked agronomic measures to develop practical
recommendations for yield and fiber quality.

1. ECONOMIC AND AGROECOLOGICAL IMPORTANCE

1.1. Cotton production statistical dynamics

Cotton was called "white gold" in Soviet Azerbaijan, with production exceeding
830 thousand tons in the 1980s, declining to 31 thousand tons by 2009 [3, 4]. Recent
recovery shows variable but significant production: 287,041 tons (2021), 322,471 tons
(2022), 276,311 tons (2023) and 310,825 tons in 2024 on 102,781.5 ha with 30.3 c/ha
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average yield [1]. 2025 operational data reports 355,663 tons from 100,468.1 ha at
35.40 c/ha [2].

Regional structure shows Mil-Mughan (40.8% area, 41.1% production), Karabakh
(27.0% area, 25.4% production) and Shirvan-Salyan (24.4% area, 25.9% production,
32.1 c/ha) as main regions [1]. District-level variation is significant: Yevlax 37.1 c/ha,
Bilasuvar 35.9 c/ha, Saatly 33.5 c/ha in 2024 [1]; Beylagan 41.26 c/ha, Neftchala 39.69
c/ha in 2025 [2].

Table 1. Cotton production indicators, 2021-2024

Year Area, ha Production, t Yield, c/ha
2021 100,589.8 287,040.8 28.5
2022 104,267.0 322,471.0 30.9
2023 93,722.3 276,310.9 29.5
2024 102,781.5 310,825.2 30.3

Source: State Statistics Committee of Azerbaijan [1]

1.2. Vegetation stages, water demand and fiber quality

Cotton water demand varies through vegetation. Excessive wetting during
germination weakens root deepening; moisture deficiency during flowering and boll
formation causes shedding and yield loss [19]. FAO recommends evapotranspiration-
based water requirement determination, considering climate, phenological stage, soil
water holding capacity and salinity [9].

Fiber formation proceeds through cell elongation and cellulose deposition after
flowering. Severe water stress disrupts this rhythm; late-season excess irrigation delays
maturity. Thus, both water volume and timing relative to growth stages determine fiber
quality [14].

2. SCIENTIFIC BASES OF IRRIGATION REGIMES

2.1. Irrigation timing and norms

The irrigation regime encompasses number, timing, amount and method of water
application. Efficient regimes meet plant demand while minimizing deep percolation,
runoff, evaporation and drainage losses. Soil mechanical composition directly affects
regime selection: light soils require smaller, more frequent applications; heavy clay
soils risk ponding and oxygen deficiency. Salinization-risk areas require drainage-
coordinated management [8].

Management requires three data groups: meteorological (temperature, wind,
humidity, sunshine, precipitation), soil (texture, water capacity, salinity, infiltration,
actual moisture) and plant (phenological stage, leaf cover, boll count, field
heterogeneity). Combined, these transform irrigation from calendar-based operation to
measurement-based management [7, 9].

2.2. Comparison of irrigation methods

Furrow irrigation remains widespread due to farmer familiarity, lower initial
investment and canal system compatibility. However, surface irregularity and
uncontrolled flow create uneven distribution. Improvements through laser leveling,
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proper furrow length selection, flow distribution and water accounting can significantly
increase efficiency without full system replacement [6, 10].

Drip irrigation enables precise root-zone water delivery and fertigation, reducing
moisture fluctuations. It is promising for water-scarce farms with reliable energy and
filtration, but requires attention to initial cost, filter maintenance, clogging risk and
plastic waste management [13].

Sprinkler systems provide more uniform distribution on complex terrain, though
high temperature and wind increase evaporation losses. Pivot systems automate
irrigation on large uniform fields, but field shape, energy supply, capital cost and wind
regime must be considered. No single method is universal; selection should be based
on field-specific soil, water, energy and economic conditions [6, 10].

2.3. Deficit irrigation and water productivity

Water productivity (yield per unit water consumed) is central to scarcity conditions.
Xu et al.'s (2024) meta-analysis of 50 studies found deficit irrigation increased water
use efficiency by 7.39% but reduced yield by 15% on average [11]. Cheng et al.'s global
meta-analysis indicates continuous deficit irrigation throughout vegetation is
undesirable; stage-specific adaptation is preferable [12]. For Azerbaijan, this provides
scientific basis for prioritizing water allocation to critical flowering and boll formation
stages during scarce years, rather than uniform reduction across all stages [11, 12].

3. MAIN PROBLEMS OF IRRIGATED COTTON CULTIVATION

First, limited and unstable water resources: high dependence on transboundary
waters, rising temperatures and drought risk require system flexibility [5]. FAO and
IAEA note 0.4°C average temperature rise since 1991 with decreasing precipitation [3,
4]. Second, infrastructure deterioration: canal losses, distribution network
malfunctions, poor field leveling and inaccurate water accounting reduce efficiency [6,
8]. Even drip systems fail without stable source delivery and power supply [6].

Third, soil salinization: salts from irrigation water accumulate when groundwater
rises and drainage is weak, weakening germination, root development and nutrient
uptake [8]. Cotton's moderate salt tolerance does not justify neglecting salinization
control. Fourth, uncoordinated fertilization: excess nitrogen causes vegetative
overgrowth, delayed maturity, increased water demand and nitrate losses [3, 4]. FAO-
IAEA pilot projects using nitrogen-15 isotope demonstrated yield increases from 3 to
8 t/ha through integrated soil-nutrient-water management [3].

Fifth, lack of farm-level data collection and sixth, technology affordability barriers
for small farmers requiring targeted state support beyond equipment purchase to
design, service and training [6].

4. AGRONOMIC MEASURES LINKED TO IRRIGATION

Soil analysis should cover pH, electrical conductivity, salinity, organic matter,
texture and groundwater depth to inform irrigation method, interval and fertilization
decisions. Fertigation under drip irrigation enables nutrient delivery adapted to plant
demand, improving water and nitrogen use efficiency [13]. However, water quality,
filtration and proper fertilizer selection are essential to prevent line clogging and
localized accumulation [13].
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Organic matter enrichment through manure and biochar improves water holding
capacity, soil structure and root health [17]. Biological approaches such as arbuscular
mycorrhizal fungi inoculation enhance phosphorus uptake, photosynthesis and yield
quality, though local validation is required [16]. Planting density optimization
considers variety, soil, irrigation and harvest technology together [15]. Weed and pest
management through mechanical cultivation, herbicides, crop rotation and targeted
chemical application based on drone monitoring reduces chemical load while
maintaining economic thresholds.

Precision agriculture using soil sensors, electrical conductivity maps, satellite
imagery, drones and GPS machinery enables within-field differentiated management
rather than uniform decisions [18]. Yang et al. (2025) review deep learning applications
from seed quality assessment through smart irrigation to fiber classification [18].
Success depends on data quality and balanced automation with human oversight [18].

CONCLUSION

Sustainable cotton development in Azerbaijan depends directly on proper irrigation
management. While 2024 statistics show 30.3 c¢/ha and 2025 operational data indicates
35.40 c/ha [1, 2], maintaining these results requires addressing water scarcity,
transboundary dependence, climate change, infrastructure wear, salinization and data
gaps [5, 6, 8].

No universal irrigation method exists. Furrow irrigation maintains importance but
requires improvement; drip irrigation offers precision but depends on filtration and
service; sprinkler and pivot systems suit specific conditions [6, 10]. Deficit irrigation
requires measurement-based, stage-specific application [11, 12]. Fiber quality
indicators — length, strength, uniformity, micronaire, color — link to irrigation,
fertilization, density, pest control and harvest timing, requiring farm-level recording
alongside yield [14].

The phased model ties technology application to measurable results through
diagnostics, pilot testing, economic evaluation, scaling and monitoring. Regional
differentiation, soil-water analysis, salinity mapping, moisture monitoring and farmer
training combine within an integrated system for rational water use, yield stabilization,
fiber quality improvement and economic sustainability of Azerbaijan's cotton sector
[5, 6, 18].
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ACIHHEKTHU BE3IEKU KUTTEAIAJIBHOCTI ITPU
POBOTI Y CITIOPYJIAX 3AKPUTOI'O IPYHTY

Martsiituyk borgan Bosogumuposuu

K.C.-T.H., To1leHT Kad. boraniku, 6iopecypciB Ta
30epekeHHsT O10p13HOMAHITTS

XKutomupcrekuii gepxaBHuil yHiBepcuTeT iM. [. @panka,
M. JKutomup

Cropyau 3aKpUTOro IPyHTY (TEIUIWI, MAapHUKH, OpaHkepei) € BaXJIMBUMU
€JIEMEHTaMHU Cy4YaCHOTO CLIBCHKOTO TOCMOJApCTBAa, sIKI 3a0€3MeuyioTh ONTHMAIbHI
YMOBH JJIi POCTY POCJMH, HE3QJIEKHO BiJ 30BHINIHIX KIiMaTUyHUX yMOB. [Iporte
cnenudika pobOTH y TaKMX CEPENOBUINAX CTBOPIOE Psii PU3UKIB JUIS 3I0POB’S 1
Oe3reky MpaliBHUKIB. 3a0e3neueHHs Oe3MeKd IKUTTEAUIBHOCTI Yy CHopyaax
3aKpUTOTO IPYHTY BHMAarae KOMIUIEKCHOTO MIAXO1Yy, IO BpPaxOBYE MIKpPOKIIMAT,
XIMI4YH1 BIUIMBH, (D13WYHI HaBaHTaXeHHs Ta opraxizaiito nparii (Iloramaukos, 2015;
JIsmenko, 2018).

YMOBM  MIKpOKJIIMAaTy B  TEIUIMUAX  XapaKTEPU3YIOThCS  I1JIBHILEHOIO
temriepatyporo (dacto nonan 30 °C) Ta BUCOKOIO BIIHOCHOIO BousoricTio (70-90 %),
[0 CTBOPIOE TEIJIOBE HABAHTAKEHHS Ha opradi3M mnpauiBHuka (Kpusenko, 2017).
HenocraTHs BEeHTHIIALISI MOXKE TIPU3BOIUTH J0 HAKOMUYCHHS BYTJIEKUCIIOTO rasy, a
TaKO)X TOKCHYHHMX PEYOBHH, IO BUKOPUCTOBYETHCS Y TPOIECI 3aXUCTy POCIHH
(nectuau, noOpusa). B pe3ynbTari, NpaliBHUKKA PU3UKYIOTh PO3BUTKOM TEIIOBOIO
CTpecy, IHTOKCHKAIlINA Ta TUXaIbHUX 3aXBoproBaHb (IBaHoBa, 2020).

[Mectuniau Ta iHOI 3ac00M 3aXMCTy POCIHUH IIMPOKO BUKOPUCTOBYIOTHCS Y
CHOpYJaX 3aKpUTOrO I'PYHTY ISl KOHTPOJIIO LIKIAHUKIB 1 XBOpoO. Lli pedoBuHu €
MOTEHIIIHHO TOKCMYHUMU 1 MOXYTh BHKJIMKATH TOCTPl Ta XPOHIYHI OTPYEHHS
(ITymkapenko, 2016). 3a nanumu BeecBiTHROT oprani3aiiii oxoponu 310poB’st (BOO3,
2017), wempaBuibHE TIOBOJDKEHHS 3 arpoximMikaramu, BIJICYTHICTh 3aco0iB
1HAUBITyabHOTO 3aXUCTy (313) Ta HEAOTPUMAHHS TEXHOJIOTTYHUX PEKUMIB CITPUSIIOThH
npo@eciiiHuM 3aXBOPIOBAHHSM, BKIIOYHO 3 YPAKEHHSIM IUXaTbHOI CUCTEMU, LIKIPHU T
HepBoBoi cuctemu (World Health Organization, 2017).

OnTuMaabHUM MIKPOKJIIMAT € KIOUYOBUM (PAKTOPOM JUIsl 30€pexEeHHs 3[10pOB’ s
npaiiBHUKiB. CydacHi CUCTEMH BEHTWIALIL 3a0€3MeuyoTh MiATPUMAaHHS HEOOX1THUX
MOKA3HUKIB TEMIIEpaTypH 1 BOJOTOCTI, a TAKO OHOBJICHHS MOBITPS sl BUJIAJICHHS
mkigmuBux rasiB (Hikitenko, 2019). ABTOMaTu30BaHi CUCTEMH KJIIMAT-KOHTPOIIIO
JIO3BOJISIIOTh PETYJIFOBATH yMOBHM POOOTH BIAMOBIAHO A0 (hi310JIOTIYHUX TMOTPEO
JIOJIMHY, 3MEHIIYIOUH PU3UK TETUIOBUX Ta TOKCMYHUX ypaxeHb (Iletposa, 2021).

PoGota y cmopymax 3akpuTOrO TPYHTY IOB’Si3aHAa 3 BHCOKHUMHU (PI3MUYHUMU
HABAHTAKCHHSAMH Yepe3 YacTl HAXWIIM, IEPCHECCHHS BAHTAXI1B, JOBTe MepeOyBaHHS Y
HenpupoaHux nosax (Pyaenko, 2018). Kpim Toro, MOHOTOHHICTH TIparli 1 0OMeKeHu!
MPOCTIp MOXYTh MPHU3BOJUTH 1O TMIJABUIIEHOT BTOMIIIOBAHOCTI Ta 3HIKCHHS
KOHIICHTpAIlli yBaru, 1o 30uiblrye pu3uk tpaBmatusmy (Cumopenko, 2017).
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Jlns miHiMi3alii HeOe3meK 3aCTOCOBYIOTHCS KOMIUIEKCHI 3aXOJM: 3aCTOCYBAHHS
313 (pecmiparopu, 3aXMCHHM OJr), PEryJsipHI IHCTPYKTa)Xi, MOHITOPUHI CTaHy
3I0pOB’sl TPAIIBHUKIB, pallloHaJbHA oOpraHizailis poO0o4Yoro yacy 1 BIATOYHUHKY
(KoBasibuyk, 2020). BrpoBaakeHHsI 1HTErpOBAaHUX CHCTEM YIIPaBJIIHHS O€3IeK0I0 Ha
ocHOBI ISO 45001 no3Bosisie cucTeMaTU3yBaTH MiJIX1]] 0 O€3MEKHU Ipalll y TeIUTMYHUX
koMmruiekcax (International Organization for Standardization, 2018).

BnpoBamxeHHs: poOOTOTEXHIKM, aBTOMAaTU30BAHUX CHCTEM BHECEHHS JOOpUB 1
3aXUCTY POCJHH, & TAKOXK CHUCTEM JIMCTAHIIITHOTO KOHTPOJIO CTaHy MIKPOKIIIMATy €
MEePCIIEKTUBHUMH HANPSIMKaMH JIJIsT 3HIDKCHHS JIFOACHKOTO (DakTOpy 1 MiIBUIIECHHS
6e3nexu KUTTeAIsUIbHOCTI (CMupHOB, 2022). BukopuctanHs 010J0TIYHHX METOIIB
060pOoTHOM 31 IIKITHUKAMH 3MEHIIY€E XIMIUHE HAaBAaHTAKEHHS 1 MOKpAIIy€e €KOJOTIUHY
oesnexy (Brown et al., 2020).

besneka JKUTTENISUIBHOCTI TpU poOOTI y CHOpyJax 3aKpUTOrO TIPYHTY €
0araTOKOMIIOHEHTHOIO CHUCTEMOIO, IO BKJIKOYAE KOHTPOJIb MIKPOKIIMATY, XIMIYHOI
Oe3reku, opraHizaifilo mpaii i 0XOopoHy 370poB’s. CydacHi TEXHOJIOTii 1 HayKOBI
IT1JIXO/IM JO3BOJISIOTh 3HAYHO 3HU3UTH PU3UKH, 3a0€3MeUy0Un 30€peKEeHHS 310pOB’ s
MPaIliBHUKIB 1 M1IBUIICHHS MTPOYKTUBHOCTI.
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BIIVIUB bYIOBU TA ®OPMU HIEPEPI3Y
TEKCTOJITOBUX CTPUKHIB HA YTBOPEHHA
3AIMPOK ITPU TOKAPHINU OBPOBIII

Hecin BiTaaiii BoionnumupoBuy,

MIPOBITHUMA HAYKOBUH CITIBPOOITHHK,

YkpaiHChbKUH HAYKOBO-TOCITHAN IHCTUTYT CHEIIaTbHOT TEXHIKH
Ta cynoBux excrieptus Ciyx0ou 6e3nexku Ykpainu

Jlexknin KocrsauTun BosioanmupoBuy,

HavyaJbHUK BIJUILTY,

VYkpaiHChbKUN HAYKOBO-AOCTIAHUI ITHCTUTYT CIELIAbHOT TEXHIKU
Ta cyoBUX ekcrieptus Ciyx0u 0e3neku YKpainu

Maernnit Muxaiisio Iroposuy,

CTapIIMi HAyKOBUH CITIBPOOITHUK,

VYkpaiHChbKUN HAYKOBO-JAOCTIAHUI IHCTUTYT CIELIabHOT TEXHIKU
Ta cynoBux excreptus Ciyx0u 0e3neku YKpainu

Jlaxtagup Cepriit JleoninoBuy,

CTapIIMi HAYKOBUH CIIBPOOITHHK,

VYkpaiHChbKUN HAYKOBO-AOCTIAHUI IHCTUTYT CIEHIAbHOT TEXHIKU
Ta cynoBux excrneptus Ciyx0ou 0e3neku YKpainu

TeKcToNMTOBl CTPMXHI Mayioro jaiamerpy 1o 10 MM, 110 BUTOTOBJISIOTHCS SIK
MOIIMPEHUM METOJIOM HaMOTyBaHHA [1] Tak 1 (popMyBaHHSIM BajlMKamMH 3 JHCTOBOI
3aroTOBKU [2] MaroTh BIAXWIECHHS BiJ Kpyrioi ¢opmu B mepepisi. Popma enincy
CTPHIKHIB OCOOJIMBO MTOMITHA Y IPYrOMY BapiaHTi JOPMYBaHHS 3arOTOBOK.

Xoua mapu CroIy4eHOi TEPMOPEAKTUBHUM KOMITOHEHTOM OAaBOBHSIHOI TKAaHHHU
TPUMAIOTHCSI MOHOJIITHO Y PI3HUX BUKOHAHHSX, MPOTE y MIapyBaTOMY BapiaHTiI HEMAE
TaKoro JOJAaTKOBOTO yTpUMaHHS BOJOKOH (uactuHa (a) Puc. 1.), ske icHye B
HaMOTAHOMY BapiaHTI BUKOHAHHSA 1 TIOB’S3aHE 3 HEMEPEPBHOIO CIIPATHHOIO
CYIUIBHICTIO PO3TAIIlyBaHHS MaTepialy B CTpMKHAX (dactuHa (0) Puc. 1.).

Pi3ni dopma 1 cTpykTypHa Oy70Ba CTPUKHIB MIPU3BOJSATH O PI3HOTO YTBOPEHHS
3aIUPOK TIPH TOKAPHIH 00pOOTIi.
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Puc. 1. Cxema OyaoBu mapyBaToro (a) Ta HaMoTaHOTo (0) mepepizy TEKCTOIITOBOTO
CTPHXKHS
JIxepeno pucyHKa: JOCIIKEHHS aBTOPIB Ta 3a Marepiaiamu [1, 2].

3agaui qocaixKeHHs

JlocnikeHHI0 BIUTUBY (DOPMH, CTPYKTYpPHU, OCOOIMBOCTEM TOKapHOT OOpOOKH Ha
MEXaH13M yYTBOPEHHS 3aJUPOK MpH 0OpOoOIll CTPHKHIB, BUTOTOBIEHUX 3 TEKCTOIITY
MpUCBAYEHA 1151 poOoTa.

OcHoBHA yacTHHA

3aoupxa mexcmonimosa

Tekcromit no0pe o00poOnseThcss pizaHHsAM. [Ipore, B pa3i oOpoOku Tynum
IHCTPYMEHTOM, KPUXKO PYHHYETbCS TEpPMOpEaKTMBHHMI KOMIOHEHT. Hepospizana
0aBOBHSIHA TKaHMHHA OCHOBA, BUBUIBHSIOUHCH, OTPUMAE JIOCTAaTHIO CBOOOIY 3a 5/6
HaIMpsIMKIB. 3aJUPKH B TEKCTOJIITOBUX JETAJSIX, TAKAM YMHOM, MOKHA TTOPIBHATH 3
AKOPCTKO 3aKpIIUICHOI0 OJHUM KIHIIEM MOTY3KO0l0. 3BHYalHO, 110 B JIACHOCTI
3aIUPKOI0 € HE OKpeMa MOTY3Ka, a IIMAaTOYOK OaBOBHSIHOI Marepii. 3pylHOBaHUN
TEPMOAKTUBHUM KOMIIOHEHT OOTpYIIyEThCS 3 OABOBHM HE BeCh. TakuM YHHOM,
TEKCTOJIITOBA 3a/JIUPKAa € IIMAaTOYKOM KPHUIIEHOTO CMOJISTHUCTOTO TOJIMEpy, IO
TPUMAETHCS HA OABOBHSHINA TKAHHUHHIN OCHOBI.

Bnnue ¢popmu nepepisy cmpudichs Ha ymeopenHs 3a0upoK

CrpuxeHb 3 eNncHow (opmMoro mepepidy mpu 0OpoOIli TOCTPUM TOKAPHUM
BIJIPI3HUM pi3lleM PopMye piBHOMIpHY TopiieBy moBepxHio (Puc. 2.). Takuii camuii
rOCTpUH TPOXITHUN TOKApHUM pi3elb, MOYMHAIOYM OOpPOOKY CTPMKHS 3
MaKCUMAJIBHOTO PO3MIpy edincHoro mnepepizy (po3mip dmax Ha Puc. 2.) 3
PEKOMEHIOBAaHUM KPOKOM Bpi3aHHs, GOpMye€ TTIAJKy 3aJaHy MOBEPXHIO 0€3 3aIUPOK.

C/mox d
min

Puc. 2. [ToBepxH1 MaKCUMAIBHOTO (dmax) T MIHIMATBHOTO (dmin) AlaMETPIB MPHU
00pOoOIIl CTPUAKHS EIIICHOTO TIEpepi3y
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JIxepeno pucyHKa: TOCHIKEHHS aBTOPIB Ta 3a MaTepianamu [2].

B pasi, skmo pizaHHA TOCTPUM MPOXITHAM Pi3LeM PO3MOYHMHAETHCA 3
MIHIMaJILHOTO pO3MIpy emincHoro mepepidy (po3mip dmin Ha Puc. 2.) 3
PEKOMEH/IOBAaHUM KPOKOM Bpi3aHHS, O 30BHINIHBOMY MaKCHMAJILHOMY pPO3Mipy
MIepeTHUHY pi3aHHs He B1I0YBaEThCs, a GOPMYETHCS PIBHOMIPHA 3aIMpKAa.

Bnaue cmpyxmypu nepepizy cmpudichs Ha ymeopeHHsi 3a0upox

EnincHa ¢hopma niepeTuHy cTprXHs, c(hOpMOBaHa 3a IIapyBaTOI0 CXEMOI0, HE Ma€
CYLUIRHOI CHipalbHOI HEMEepepBHOCTI 0aBOBHSAHOI TKaHMHHOI OCHOBHU. [lo
MaKCUMaJbHUM KpasM OaBOBHSHI IIapyd TOB’SI3aHI  JIMIIE  KOMITO3UTHHUM
npocouyBaHHAM. Pi3aHHS 10 MOBEpXHI MIHIMAJIBHOTO ETITIICHOTO PO3MIpY MPU3BOAUTH
710 pyWHYBaHHS NPOCOYYBAHHS B IIapaX MaKCHMaJbHOTO po3Mipy 0e3 pizaHHs
0aBOBHU 3 YTBOPEHHAM 3aaupok (Puc. 3.).

Puc. 3. Cxema 30H yTBOpEHHs 33JUpOK (30Ha 1) Ha mepepi3i CTPHKHS,
c(hopMOBaHOTO 3a MIAPYBATOI CXEMOIO BUPOOHUIITBA
Jlxepeno pucyHKa: JOCIIKSHHS aBTOPIB Ta 3a MaTepianamu [2].

[Tpuknazn 3aaupok, chOpMOBAHKX 1] BIUIMBOM CTPYKTYPHOTO (akTopy 1 hakTopy
BIUTMBY (OPMHU 1O MaKCUMaJIbHOMY EJIIICHOMY PO3MIpy Tepepidy CTPWXKHSA TpU
TOKapHii 00poO11i nmpeacraBiaeHuit Ha Puc. 4.

Puc. 4. [Ipuknan 3aqupok, cpopMOBaHUX MO MAKCUMATILHOMY €IITICHOMY PO3MIPY
nepepizy CTPUKHS P TOKAPHI 00poOIIi
JI)xepeno pucyHKa: TOCHIKEHHS aBTOPIB.
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BucHoBku

1. TexkcTomTOBHI CTpUXKEHb TapHO MiIJA€Tbes pizaHHIO. [Ipu 3acTocyBaHHI
TOCTPOTO Pi3Ils 33 IUPKHU HE YTBOPIOIOTHC. [Ipu pizaHH1 TynmuMm pisziieM, abo mpu Aii Ha
MOBEPXHIO CTPHXKHSI HE PIXKYUOI YACTUHOIO PI3Lis, YTBOPIOETHCS 3aUpKa Y BUIIIAL
3aKpIIJIEHOTO OPCTKO IIMaTKa OAaBOBHSHOI MaTepii 3 PO3KPHUILIEHUM YaCTKAMHU
TEPMOpEaKTUBHOro mojimepy. Popma enincy nepepidy CTPUXKHA, y SKOMY
MIHIMaJbHUN JllaMeTp Tepepi3y BIANOBIAAE HOMIHAJIBHOMY JlaMETpy ITOCTaYyaHHS
CTPWHIB, BIUTUBAE HA HANAIITYBaHHS MpoLiecy TokapHoi 00poOku. [loyaTok BpizaHHs
3 PO3paxyHKy Ha HOMIHAJIBHUN diaMeTp MPHU3BOAMTH J0 3MUHAHHS KpaiHIX IapiB
MaTepially CTPHKHSA. [, BIAMOBIAHO, CTBOPIOE YMOBH JIJIsl YTBOPEHHS 3aIUPOK.

2. CTpyKTypa CTpHKHA, BUKOHAHOTO CIIOCOOOM HaMOTYBaHHSI, BILUTUBAE Ha (hopmy
nepepi3zy TEKCTOJIITOBOTO CTPHKHSL, HAOIMXKYIOUH i1 10 Kpyriaoi. TokapHa TEXHOIOT 1S
00poOKa OpIEHTY€EThCA Ha HOMIHAJIBHUI J11aMETpP NMOCTaYaHHS CTPYOXKHS 1 pajialibHy
130TPOIMHICTh HOTr0 MEXAHIYHHUX BJIACTUBOCTEH. Pi3aHHS CTpWXKHA 3 TaKoOIO
CTPYKTYpOIO IEPEBAXKHO B1I0YBa€ThCs O€3 YTBOPEHHS 3a1upOoK. CTPYKTypa CTPHXKHS,
BUKOHAHOTO MapalebHUMH OOTUCHYTHUMH LIapaMH MPOCOYEHOT TEPMOPEAKTHUBHUMU
KOMIIOHEHTaMH, BIJA3HAYAETHCS JACSKOI PajlalbHOI0 aHI30TPOMHICTIO MEXaHIYHUX
BlactuBocTed. OKpeMi MmapaselibHi Mapu Ha BIAMIHY BiJT HAaMOTAaHOI CTPYKTYpU HE
MAaloTh JI0OJaTKOBOT'O 3yCUJUIS YTPUMAHHS 3@ paXyHOK CHIpaJibHOI CyLIIbHOCTI. Tomy
MOBEPXHEBI IIAPU MAIOTh CXUJIbHICTD JJO YTBOPEHHS 3aUPOK.

3. OcoOnuBICTh BIUIMBY Ha YTBOPEHHS 3aJUPOK TOKAPHOI OOpOOKM BUHUKAE
BHACIIIJIOK CYKYIHOCTI (hakTopiB. 30Kpema, B IapyBariil emirncHid Gopmi cTpuxHs: 1)
CXWJIBHICTh JO YTBOPEHHS 3aJUPOK TOBEPXHEBHMX IIAPIB EJIICHOIO Mepepisy;
2) opieHTallis HAa TOYaTOK 0OPOOKHM Ha MIHIMAJIbHUN pO3MIp Mepepi3y CTPUXKHSA, K Ha
HOMIHAJIBHUM J1aMeTp 1, BIATIOBIAHO, HA 3MUHAHHS BIIJAJICHUX MOBEPXHEBUX ILIAPIB
HEroCTPOIO YAaCTHHOIO PI3IIA.
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KLASYCZNA SZTUKA MUZYCZNA W CENTRUM
WSPOLCZESNYCH PRZEMIAN I INNOWACIJI

Melnyczuk Swiatoslaw,

Artysta Ludowy Ukrainy,

Czczony Artysta Ukrainy,

Profesor Katedry Ludowej Instrumentalistyki, Wydziat Sztuk Muzycznych,
Réwnenski Panstwowy Uniwersytet Humanitarny (Ukraina)

Dzi$ panuje opinia, ze w XXI wieku praktycznie nie ma muzyki klasycznej, Ze nie
jest ona juz tak popularna jak w przesztosci. Samo pojecie muzyki klasycznej implikuje
okres klasycyzmu, ktory trwat od 1750 do 1830 roku. Jest to zatem okres bardzo
ograniczony. Dzi§ muzyke klasyczng rozumiemy jako kazda muzyke powazng.
Utrwalilo si¢ utozsamianie muzyki surowej 1 lakonicznej z muzyka klasyczng, ktora
znaczaco rozni si¢ od popularnych we wspoéiczesnej kulturze nurtoéw rocka, popu czy
rapu.

W ostatnich dekadach nastgpit upadek moralnosci 1 duchowos$ci w spoteczenstwie.
W $wiecie, w ktorym zyje 1 rozwija si¢ cztowiek, otoczony jest wieloma réznymi
zrodtami silnego wplywu na niego, zarowno pozytywnego, jak 1 negatywnego (sg to
przede wszystkim media i informacja). Na koncertach mtodziezowych 1 dyskotekach
grana jest gtbwnie muzyka elementarna, czgsto agresywna, ktora niszczy psychike,
dezharmonizuje swiat duchowy mtodziezy, prowokuje negatywne, aspoteczne formy
zachowan. Muzyka, obok internetu, zajmuje jedno z pierwszych miejsc w strukturze
czasu wolnego mtodych ludzi, ktorzy sg gtbwnymi odbiorcami masowych produktow
muzycznych o zréznicowanym stylu i kierunku. Gléwnym celem naszej publikacji jest
rozbudzenie zainteresowania wspoiczesnej mlodziezy intelektualnej muzyka
klasyczng, ktora ksztattuje gust estetyczny, wywiera polifoniczny, duchowy i moralny
wplyw na cztowieka, co jest niezwykle wazne w okresie jej ksztaltowania. Aby
0s1agnac¢ ten cel, stawiane sg nastepujace zadania: wskazanie uderzajacych przyktadoéw
muzyki klasycznej; ukazanie koncepcji ,,duchowego 1 moralnego potencjatu muzyki
klasycznej”; uzasadnienie znaczenia muzyki klasycznej] w duchowym 1 moralnym
rozwoju wspotczesnej] mtodziezy. Zainteresowanie naukowe problematyka miejsca i
roli muzyki klasycznej w centrum zainteresowania kultury wspdiczesnej znalazto
odzwierciedlenie w pracach T. Adorno, I. Goldvarga, E. Dukova, M. Levy'ego, A.
Zuckera, R. Radano 1 innych. Powyzsze opracowania, poswigcone tematowi naszych
badan, postuzyty jako wazna podstawa do refleksji, zwatpienia 1 analizy sztuki. Dzisiaj,
gdziekolwiek cztowiek si¢ uda, cokolwiek robi, moze to robi¢ przy akompaniamencie
muzyki. W biurze lub kawiarni, w samochodzie lub przez telefon — wszedzie bedzie
go bawi¢ muzyka, nawet jesli ta muzyka nie zostata zamdéwiona. Innym pytaniem jest,
czy on styszy, czy raczej stucha tej muzyki, czy jest w pelni swiadomy, jak ona brzmi?
Najczesciej] — nie. Dlatego taka muzyke nazywa si¢ ttem, tj. takg, ktora nie odwraca
uwagi od glownej akcji. [2] Utwory klasyczne, ktére brzmig na przyktad podczas
przyjecia towarzyskiego, w restauracji lub w centrum handlowym, czgsto petnig
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funkcje muzyki tta. Dzisiaj muzyke klasyczng chetnie wigcza si¢ w takie konteksty, w
ktorych nie przewidziano jej celowego stluchania, gdzie powinna ona petic¢ role
,fonoprojektu” otaczajacej rzeczywistosci obiektywnej, oderwanej od zwigzku z
zawartymi w niej ideami 1 znaczeniami. Pomimo faktu, ze w XX wieku istniala
tendencja do postrzegania muzyki klasycznej jako sztuki elitarnej, samowystarczalne;,
wymagajacej skupienia si¢ na sobie, ale jednoczes$nie rozwijajacych si¢ proceséw,
ktore utrwalaja znaczenie 1 zapotrzebowanie na jej brzmienie w réznych sytuacjach
zycia codziennego. [1] Jednym z gtownych powodow, ktére zainicjowaty ekspansje
form percepcji muzyki klasycznej, jest bezprecedensowy rozwoj urzadzen do
odtwarzania dzwigku. Pojawienie si¢ technicznych §rodkow dystrybucji muzyki w
zyciu codziennym, ktore sg rownie odpowiednie do reprodukcji dowolnych utwordéw
muzycznych, doprowadzito do tego, ze granica mi¢dzy muzyka ,,codzienng” a
,supercodzienng” stata si¢ niezwykle ruchoma [4, s. 88].

Odnoszac si¢ do wspolczesnego istnienia muzyki, mozemy moOwi¢ o
nieuniknionym podtozu percepcji roznych utworéw, bez rozroéznienia na gatunki 1
style. ,,Sam system komunikacji, charakterystyczny dla kultury wspotczesnej, jego
dynamika demonstruje swobode w postugiwaniu si¢ wszelkimi artefaktami,
niezaleznie od materiatu 1 pola wartos$ci, ktore za nimi stoj3” — mowi E. W. Dukov 1
kontynuuje — ,,inicjatywa wyboru i1 formacji, po raz pierwszy w historii wspolnot
ludzkich, pole wartosci dla wybranego okazato si¢ sprawa czysto osobistg” [3, s. 16].

Zatem muzyka tta S. Rachmaninowa i megahit Black Sabbath ,,Paranoid” moga
sta¢ si¢ muzyka tta z rownym powodzeniem. Jak wykazaty szeroko zakrojone badania
socjologiczne, ,,wartos¢ muzyki w codziennym zyciu ludzi zalezy od tego, jak jej
uzywaja 1 od stopnia ich zaangazowania w proces stuchania, ktory z kolei jest
determinowany przez kontekst” [2, s. 41]. Pojawienie si¢ 1 szybki rozwo; zjawiska
stuchania w tle wprowadza istotne zmiany w utrwalonych typologiach gatunkow
muzycznych, biorgc pod uwage, ze tto muzyki klasycznej nie jest jej wlasciwoscia
artystyczng. We wspotczesnej mys$li naukowej nie ma jednoznacznych gradacji
terminologicznych dotyczacych muzyki tta. Nie uwazamy jednak za sluszne
odnoszenie jej do powszechnie przyjetych kategorii muzyki uzytkowej lub
funkcjonalnej. W przeciwienstwie do gatunkow uzytkowych, muzyka tla jest
bezposrednio zwigzana z wykonywanym procesem i1 nie ma sensu koniecznie
jednoczy¢ zespotu ludzkiego. Owszem, jazda samochodem nie wymaga
akompaniamentu muzycznego, a w banku, gdzie rozbrzmiewa przyjemna muzyka,
kazdy pracownik 1 go$¢ zajmuje si¢ wytgcznie swoimi czynno$ciami biznesowymi.
Wrecz przeciwnie, muzyka tla jest czgsto uzywana do zaznaczania indywidualnej
przestrzeni danej osoby (co omowimy szczegdtowo ponizej). Muzyka tla jest czesto
klasyfikowana jako muzyka wielofunkcyjna [3; 4]. Jednak wspolczesnie konteksty
muzyki tla sg znacznie szersze i bardziej zr6znicowane niz pragmatyczne cele muzyki
funkcjonalnej, a muzyka tta nie zawsze implikuje Scisle skalibrowany 1 jednoznaczny
efekt utylitarny. Muzyka tla, a raczej mozliwos¢ wykorzystania dowolnego z jej
utworéw muzycznych, jest produktem epoki postmodernistycznej, kiedy powszechny
pluralizm pozwala na mieszanie dowolnych zjawisk 1 proceséw bez zadnych
rozroznien 1 konwencji. W tym kontekscie A. Zucker stwierdza, ze w odniesieniu do
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gatunku muzycznego sytuacja ,.charakteryzuje si¢ rzadka niestabilnoscig, ktéra
narusza wartosciowe idee, wigzy hierarchiczne, wyrdwnujac prawa tego, co wczesniej
znajdowato si¢ na skrajnych stopniach tzw. ,,stopni estetycznych”, a czasami po prostu
zmienia ich miejsca” [3, s. 50]. Dzieki swojemu niezaprzeczalnemu autorytetowi
muzyka klasyczna niweluje sensowng pustke oczekiwania, niweluje poczucie
bezsensownego marnowania czasu, wypeiniajagc go wrazeniami estetycznymi, ktore
jednostka moze postrzegac jako rodzaj cennego nabycia i posiadania. Z drugiej strony,
przekaz w formie muzyki klasycznej moze by¢ réznie odczytywany przez jednostke w
zaleznosci od jej cech osobistych 1 obiektywnej sytuacji ogdlnej, w ktérej muzyka
brzmi. Ten sam utwor muzyczny moze by¢ odbierany zupelnie inaczej, co tworzy
plastyczno$¢ metamorfoz semantycznych w stosunku do muzyki rozbrzmiewajgcej w
tle. Zalézmy, ze ktos dzwoni do biura 1 zamiast odebra¢, stucha przez dlugi czas
fragmentu utworu klasycznego. Moze to odebra¢ z wdzigcznoscia, jako pozyteczng
rozrywke, jako okazje do poszerzenia swojego Swiatopogladu kulturowego przy
dobrej, jakosciowe] muzyce. Albo moze utozsami¢ brzmienie klasycznej melodii z
,ZlImng” odmowg 1 niechecig firmy do komunikowania si¢ z nig, skrywang za formalng
troskg 1 uprzejmoscig. Wreszcie, brzmienie muzyki klasycznej moze $wiadczy¢ o
swoistym snobizmie firmy, ktéra w ten sposob okresla pewien krag jej klientow, a
odbiorca moze poczu¢, ze do niego nie nalezy.

Muzyka klasyczna nie moze nie$¢ ze soba negatywnych emocji, jest boska, pigkna
1 doskonata; powinna automatycznie nada¢ tym cechom przestrzen i czas swojego
brzmienia. Kiedy we wspotczesnym srodowisku zycia muzyka klasyczna rozbrzmiewa
w imieniu konkretnej, wspotczesnej osoby, osoba ta nie jest juz twarza w twarz z
terazniejszoscig. Jest ona otulona i1 chroniona rytmami zycia przesztosci, harmonig
minionych epok, systemem lirycznej autoekspresji odlegtych pokolen. W ten sposob
muzyka klasyczna czgsto dziata jak rodzaj amuletu, ktory tagodzi konflikty miedzy
nowoczesnoscig a historig, miedzy przestrzenig rozwijajacej si¢ cywilizacji
technologicznej a samo$wiadomoscig jednostki poszukujacej pigkna, harmonii i
katharsis pod uciskiem technogenicznosci i neokultury.
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Abstract

The rapid evolution of digital technologies has fundamentally reshaped
contemporary design practice across graphic, industrial, UX/UI, and spatial disciplines
[1, 2]. This article examines three interrelated dimensions of that transformation:
aesthetic paradigm shifts driven by computational tools; the renegotiation of cultural
identity within a globalised visual environment; and emerging ethical imperatives
surrounding sustainable and inclusive design [3, 4]. Drawing on semiotic and cultural-
studies frameworks, as well as case studies from Europe, Asia, and Central Asia, the
paper argues that digital transformation constitutes not merely a technological upgrade
but an ontological shift in how designers conceptualise and produce visual meaning
[5]. The findings have direct implications for design education, professional practice,
and interdisciplinary dissertation research.

Keywords: digital design, aesthetic paradigms, cultural identity, visual
communication, sustainable design, UX/UI, computational aesthetics.

1. Introduction

Design, situated at the intersection of art, technology, culture, and commerce, has
always co-evolved with the material tools available to practitioners [6]. From the
Bauhaus synthesis of artistic vision and industrial production to the desktop-publishing
revolution of the 1980s, each technological epoch has opened new aesthetic
possibilities and reshaped what design is and can accomplish [7, 8]. The contemporary
moment is distinguished by the speed and comprehensiveness of digital
transformation: artificial intelligence, generative algorithms, augmented reality,
parametric modelling, and variable-font technology are not peripheral novelties but
central features of professional practice worldwide [1, 9].

For doctoral researchers in art and design, this transformation presents both a rich
field of inquiry and a methodological challenge. The pace of change frequently
outstrips theoretical frameworks; the interdisciplinary nature of design research
demands fluency in multiple scholarly traditions; and the globalised character of
contemporary design culture requires sensitivity to diverse local and regional contexts
[10]. This article addresses three core dimensions — the aesthetic, the cultural-identity,
and the ethical-sustainability — and concludes with research directions particularly
relevant for dissertation work.
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2. Theoretical Framework

The study of design's relationship to culture and technology draws on several
intersecting intellectual traditions. Semiotics, applied to visual culture by Roland
Barthes, provides tools for analysing how designed artefacts encode and communicate
meaning within specific cultural contexts [11]. Cultural studies offers frameworks for
understanding how design participates in the production of cultural identities and
power relations [12]. Actor-network theory foregrounds the agency of non-human
artefacts — including technological systems — in shaping social life [13].

More recently, scholars in digital humanities have developed frameworks suited to
the analysis of digital design practice, emphasising its processual, generative, and
participatory dimensions [14]. Design theorists including Margolin and Cross have
further elaborated the epistemological bases of design research, arguing for the
legitimacy of practice-based inquiry as a mode of knowledge production [15, 16]. This
article draws primarily on a cultural-semiotic framework that attends to both the formal
properties of designed artefacts and their embeddedness in specific technological,
social, and cultural contexts.

3. Aesthetic Paradigm Shifts in the Digital Era

3.1 From Grid to Flow

Classical graphic design, as codified in the Swiss International Style, was organised
around the typographic grid — a modular compositional system that imposed order,
hierarchy, and legibility upon visual material [17]. Digital tools have both extended
and disrupted this logic. Vector-based software made grid-based layouts more precise
and reproducible, while computational design opened possibilities for dynamic,
responsive, and generative compositions that cannot be contained within any fixed grid
[9, 18]. This shift reflects a broader move from a design culture centred on fixity and
universalism to one that embraces variability, responsiveness, and contextual
adaptation.

3.2 Generative and Algorithmic Aesthetics

Generative design — the use of algorithmic processes to produce visual forms
through rules and parameters rather than direct authorship — has moved from the
experimental margins to the mainstream of design practice [1]. Contemporary tools
based on diffusion models allow designers to produce complex visual imagery through
natural-language prompting, raising profound questions about authorship, creativity,
and aesthetic judgment [19]. These questions are not merely academic: they have
practical implications for design education, professional practice, and intellectual
property law, and connect to deeper philosophical debates about the nature of creativity
that have occupied thinkers from Kant to contemporary cognitive scientists [5, 14].

3.3 Immersive and Spatial Design

Extended reality technologies — VR, AR, and mixed reality — are introducing
new aesthetic dimensions that challenge design's historically dominant paradigm of
two-dimensional visual surfaces [3]. Spatial design in XR environments requires
designers to think three-dimensionally, to attend to embodied experience and physical
movement, and to consider how designed environments respond to users' bodies and
behaviours [13]. The aesthetics of immersive environments draw on theatrical design,
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architecture, and landscape design, while introducing genuinely new possibilities: the

experience of presence in a virtual environment, the design of transitions between

virtual and physical realities, and the creation of persistent shared virtual worlds [9].
4. Cultural Identity and Globalisation

4.1 Homogenisation and Design Sovereignty

The globalisation of digital platforms — Behance, Instagram, Pinterest — has
created a shared visual ecosystem in which designers from Almaty and Accra are
influenced by the same trends and references [10]. While this facilitates cross-cultural
dialogue, it also carries risks of homogenisation: research has documented a
convergence towards minimalism, flat design, and sans-serif typography rooted in
specific Western traditions, potentially marginalising the rich diversity of non-Western
design vocabularies [20, 21]. Critics including Escobar warn against a 'one-world
design' culture in which dominant Western aesthetic norms are universalised at the
expense of local knowledge systems [4].

Central Asian design traditions offer particularly rich counter-examples. The visual
cultures of Kazakhstan, Kyrgyzstan, and Uzbekistan encompass sophisticated
traditions in textile design, architectural ornamentation, manuscript illumination, and
metalwork, characterised by geometric complexity, symbolic richness, and the
integration of functional and decorative purposes [10]. Contemporary designers in
these regions are engaged in a creative dialogue between traditional visual languages
and digital possibilities — producing work that is neither nostalgic pastiche nor
uncritical adoption of Western norms, but a genuinely original synthesis [20].

4.2 Decolonising Design

A growing movement of scholars is foregrounding the importance of decolonising
design — interrogating the foundational assumptions of the discipline as shaped by
colonial legacies, including the prioritisation of European aesthetic traditions and the
marginalisation of non-Western design knowledge [21]. This work requires not merely
diversifying the range of aesthetic references available to designers but critically
examining the power relations embedded in design education, professional practice,
and the global distribution of design tools and platforms [4, 12]. Typography represents
a particularly sensitive domain: despite the expansion of multilingual digital font
libraries, Latin-script typefaces continue to dominate global digital design, sometimes
subordinating non-Latin calligraphic traditions to typographic conventions developed
for a different visual system [18].

5. Sustainable and Inclusive Design

5.1 Environmental Responsibility

Design has historically been implicated in the creation and reproduction of
unsustainable patterns of production and consumption — through planned
obsolescence, excessive packaging, and energy-inefficient built environments [22].
The concept of circular design — designing products and systems to eliminate waste
and keep materials in use at their highest value — has gained significant traction in
both professional practice and academic research [23]. Digital tools, including
lifecycle-assessment software and design-for-disassembly simulation, are increasingly

23



ART
INTERDISCIPLINARY DISCOURSE: THE LATEST THEORIES, IDEAS AND
DEVELOPMENTS

important in supporting this mode of design thinking, even as the ICT sector's own
energy footprint demands critical attention [2, 22].

5.2 Inclusive Design and Al Ethics

Inclusive design seeks to create products, environments, and communication
systems accessible to the widest possible range of abilities, ages, and backgrounds [24].
Digital technology has a complex relationship with inclusion: assistive technologies
have significantly expanded access for people with disabilities, while poorly designed
interfaces actively exclude them [24]. The integration of artificial intelligence into
design tools raises additional ethical questions: Al systems trained on existing datasets
inevitably reflect the biases of those datasets, reproducing stereotyped representation
and aesthetically dominant Western conventions [19, 21]. Design researchers have an
important role in identifying, documenting, and critiquing these biases, and in
developing more equitable approaches to Al-assisted design practice [5].

6. Implications for Design Education

The transformations examined above have profound implications for design
education at all levels. Curricula developed in and for an analogue era require
fundamental revision [15]. Four dimensions of this challenge stand out. First,
computational literacy — not merely proficiency with digital tools but a critical
understanding of their embedded assumptions — must be integrated across design
programmes [1, 9]. Second, genuine interdisciplinarity, engaging ecology, social
science, ethics, and community-based practice, is essential to address twenty-first-
century design challenges [16]. Third, the diversification and decolonisation of design
curricula is not merely a matter of equity but of intellectual rigour [21]. Fourth, doctoral
programmes must develop more sophisticated frameworks for practice-based research,
accommodating both academic rigour and creative freedom [15, 16].

7. Future Research Directions

For doctoral researchers working at the intersection of art, design, culture, and
technology, several particularly productive directions for inquiry emerge from the
foregoing analysis. The aesthetics of artificial intelligence — how Al-generated forms
relate to existing aesthetic traditions and reshape aesthetic norms and expectations —
requires both empirical formal analysis and philosophical reflection [5, 19]. The design
of cultural memory in the digital era is pressing for communities whose heritage has
been endangered by historical disruption, including those across Central Asia engaging
digital technologies as tools for revitalisation [10]. The relationship between design
and wellbeing, drawing on environmental psychology and cognitive science, holds
significant implications for healthcare environments, educational spaces, and digital
interfaces [3]. The politics of algorithmic recommendation — whose design work i1s
amplified, whose suppressed, what aesthetic norms are promoted — deserves sustained
critical attention [1, 19]. Finally, the design of participatory and democratic processes
offers fertile ground for research at the intersection of design, politics, and civic life
[16, 22].

Conclusion

This article has examined three intersecting dimensions of digital transformation in

contemporary design: the aesthetic, the cultural-identity, and the ethical-sustainability
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dimensions. Across all three, digital technology does not determine design outcomes
but reshapes the field of possibilities within which designers make choices [6, 7]. Those
choices are always inflected by cultural values, ideological commitments, and aesthetic
preferences shaped by specific historical, geographical, and institutional contexts [8,
12].

Several conclusions stand out. Aesthetic transformation in the digital era reflects a
deeper shift in how designers conceptualise the relationship between form, function,
meaning, and experience [14, 17]. The globalisation of digital platforms creates
powerful homogenising pressures but also new resources for localisation and cultural
revitalisation [4, 20]. Sustainability and inclusion are not peripheral concerns but
central ethical imperatives requiring a fundamental rethinking of design practice,
education, and research [22, 23, 24]. The task of design research is to make visible the
social, cultural, political, and ecological dimensions of design choices — and to
contribute to a practice that is not only aesthetically ambitious but also socially just and
ecologically responsible [15, 16].
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Barley ranks fourth among the most widely cultivated cereal crops worldwide and
second in Azerbaijan [1]. Contemporary scientific perspectives on the origin of barley
suggest that the initial domestication of this crop occurred in the Near East region. The
area commonly referred to as the "Fertile Crescent" is broadly recognized as the
primary center of barley domestication. Recent genetic investigations have
demonstrated that the origin of barley is of a multicentric nature, having developed in
parallel across several geographic regions, thereby giving rise to distinct genetic
lineages [3, 4]. The Near East, Ethiopia, and East Asia are considered among the most
significant centers of diversity for this species. Indigenous forms distributed across
these regions exhibit considerable genetic and phenotypic variability and demonstrate
a remarkable capacity for adaptation to diverse climatic conditions. Consequently,
these regions are of substantial importance for the conservation of barley genetic
resources and the advancement of breeding programs. The biological diversity of
barley has thus been shaped through the complex interplay of its genetic architecture,
morphological characteristics, and ecological adaptability — a diversity that underpins
the crop's wide geographic distribution and its successful cultivation across varying
environmental conditions. Furthermore, the rich genetic resources available within
these diversity centers serve as a critical foundation for the development of novel high-
yielding and stress-tolerant varieties. The conservation and sustainable utilization of
barley's genetic diversity is therefore regarded as one of the foremost priorities in
contemporary agricultural science [5, 7].

In the present study, cluster analysis was performed using the Unweighted Pair
Group Method with Arithmetic Mean (UPGMA) in the PAST software package [2] for
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21 barley genotypes (Table 1) — comprising 14 cultivated and 7 wild accessions —
belonging to Hordeum vulgare L. and representing four subspecies (nutans,
spontaneum, pallidum, and nigropallidum) from the National Gene Bank of the
Republic of Azerbaijan. The analysis was based on five agromorphological traits: spike
length, spike weight, number of grains per spike, grain weight, and 1000-grain mass.
Pairwise Euclidean genetic distance indices [6] were calculated for all genotype
combinations, and a dendrogram was constructed to provide a graphical representation
of the resulting cluster structure (Fig. 1.).

At a Euclidean genetic distance threshold of 4.5, all 21 genotypes were partitioned
into four clusters (Fig. 1.). Cluster I comprised 10 genotypes, clusters II and III each
contained 3 accessions, and cluster IV encompassed 5 genotypes. Cluster I was notable
for its highest subspecific diversity, whereas clusters II and III contained the fewest
accessions. Within cluster I, samples No. 5, 10, and 11 were assigned to spontaneum;
genotypes No. 8, 15, and 18 to nutans; genotypes No. 16, 17, and 20 to pallidum; and
genotype No. 9 to the nigropallidum subspecies. Cluster II comprised spontaneum
accessions (No. 1 and 2) alongside a nigropallidum genotype (No. 3); cluster III
included spontaneum (No. 6 and 19) and pallidum (No. 12) representatives; and cluster
IV united nigropallidum (No. 7), pallidum (No. 4 and 14), and nutans (No. 13 and 21)
genotypes. These findings indicate that cultivated and wild barley genotypes do not
exhibit pronounced differentiation with respect to the studied yield components, and
that genetic divergence among the four subspecies has not been clearly established
based on the traits examined.

Analysis of the Euclidean genetic distance index values calculated between
genotypes based on yield components reveals that the highest Euclidean genetic
distance (Dg) values — and correspondingly the greatest inter-genotypic genetic
distances — were recorded between the following pairs: No. 4-17 (Dg = 1186.17), 4—
9 (Dg=1073.88), 13—-17 (D = 1054.25), 3-4 (De = 1011.74), 4-16 (D = 997.28), 2—
4 (Dg = 989.22), 1-4 (Dg = 978.65), 4-15 (Dg = 964.60), and 9-13 (Dg = 948.56).
These accessions displayed marked divergence across all measured traits and were
localized in distinct clusters. Conversely, the genotypically closest accessions — as
determined by the lowest Euclidean genetic distance values — were: No. 10 and 11
(Dg=2.70), 9 and 15 (D =4.00), 5 and 8 (D =4.71), 1 and 3 (D =4.99), 16 and 18
(Dg=5.54), 5 and 10 (Dg = 5.66), 9 and 16 (Dg = 6.68), 15 and 16 (Dg = 6.84), 4 and
13 (Dg=7.64), and 16 and 17 (Dg = 8.45). Genotypes No. 10 and 11, both belonging
to the spontaneum subspecies, as well as accessions No. 16 and 18 of the pallidum and
nutans subspecies respectively, exhibited a high degree of similarity across all
evaluated traits. Accessions No. 9 and 15 demonstrated the greatest similarity with
respect to grain weight (2.1 g and 2.3 g, respectively). Accessions No. 5 and 8 shared
identical grain weight values (2.7 g), while accessions No. 1 and 3 exhibited the same
number of grains per spike (26), with other traits also displaying comparable values.

The cluster analysis employed in this study proved effective in discriminating
among genotypes based on yield-related traits, successfully grouping all 21 accessions
into four biologically meaningful clusters.
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Table 1. Investigated barley genotypes

Ne Gene bank number Genotypes
1 13 Hordeum vulgare subsp.spontaneum
2 19 Hordeum vulgare subsp.spontaneum
3 34 H.subs.vulgare val.nigropallidum
4 36 H.subs.vulgare.val.pallidum
5 39 H. vulgare subsp. spontaneum. subsp. var. vulgare
6 40 H.vulgare. subsp. spontaneum. subsp. var. vulgare
7 44 H. vulgare subsp.var.nigropallidum
8 47 H. vulgare. subs.vulgare var.nutans/erectum
9 50 H.ovulgare. subs. var. Nigropallidum
10 55 H.vulgare subsp. spantaneum
11 60 H.vulgare subsp. spantaneum
12 63 H. subsp. vulgare. var. pallidum
13 69 H. vulgare. subsp. var. nutans
14 70 H. vulgare subsp. vulgare. var. pallidum
15 71 H..vulgare subs. var. nutans
16 74 H. vulgare subsp. vulgare. var. pallidum
17 78 H. vulgare subsp. vulgare. var. pallidum
18 79 H. vulgare subsp. vulgare. var. nutans
19 153 H. vulgare subsp. spontaneum
20 174 H. vulgare subsp. vulgare
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Figure 1. Dendrogram reflecting the genetic similarity of the studied barley
genotypes based on yield components
Source of the figure: author's development
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In plant tissue culture technologies, the composition of the nutrient medium is one
of the key factors determining the effectiveness of micropropagation processes. The
carbon source is of particular importance among these factors, since under in vitro
conditions plant tissues are often unable to meet their energy requirements through
fully autotrophic photosynthesis. The relatively low light intensity, high humidity, and
limited gas exchange typical of laboratory conditions reduce the efficiency of
photosynthetic activity, causing explants to shift toward partial or complete
heterotrophic metabolism and become dependent on the carbohydrate sources available
in the nutrient medium. Sucrose is the most widely used carbon source in in vitro
cultures, serving not only as an energy substrate but also as a metabolic component
involved in regulating cell division and differentiation processes. At the same time, it
influences the osmotic potential of the medium, thereby shaping the water balance and
growth dynamics of cells. Existing literature indicates that in the absence of an added
sugar source, in vitro regeneration processes are significantly weakened in a number
of plant species, while excessively high concentrations may also exert an inhibitory
effect by inducing osmotic stress. In this respect, the optimal sucrose concentration
must be determined individually for each genotype. The aim of the present study was
to determine the effect of sucrose concentration (0, 10, 20, 30, and 40 g/L.) added to the
nutrient medium on the morphogenetic indicators of explants during the in vitro
micropropagation of the Shirvanshahi grape cultivar.
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The object of the study comprised explants of the Shirvanshahi grape cultivar
grown under in vitro conditions. The explants were placed on nutrient media containing
different sucrose concentrations (0, 10, 20, 30, and 40 g/L). For each variant, the shoot
formation percentage, average shoot number, contamination rate, and growth score on
a 1-10 scale were recorded. Statistical processing was carried out using one-way
analysis of variance (ANOVA) in GraphPad Prism software, with a significance level
of P <0.05. The experiments conducted revealed that the application of sucrose within
the 30—40 g/L concentration range resulted in the maximum expression of the explants'
regeneration potential. Under these conditions, the average number of shoots formed
from the explants and their morphological development indicators were higher, which
can be explained by the optimal trophic provision of the microclones. In this case,
sucrose acts not only as an energy source but also as an important metabolic substrate
involved in supporting cell division and differentiation processes.

In contrast, the complete absence of sucrose in the nutrient medium (0 g/L) had a
sharply negative effect on the development of the explants. Under such conditions,
morphogenetic processes were almost not observed, and the resulting shoots either
developed poorly due to energy deficiency or degenerated and died within a short
period. This result indicates that, in closed in vitro systems, the metabolic activity of
plant tissues cannot be sustained solely through autotrophic photosynthesis;
consequently, developing microclones rely, for a certain period, on partial or complete
heterotrophic metabolism and become dependent on the carbohydrate sources available
in the nutrient medium. Literature data are consistent with these results: it has been
reported that the removal of sucrose from the nutrient medium leads to a sharp decline
in growth and survival indicators of plant tissues and complicates the acclimatization
process under in vitro conditions [1]. The low values obtained at 0 g/L. sucrose
concentration in this study empirically confirm this once again.

At 0 g/L sucrose, shoot formation in the nutrient medium was only 23.3%, the
average shoot number was 2.02 + 0.20, and the growth score was at a minimal level
(2.0 £ 0.10). This result indicates that, in terms of energy, the explants are mainly
dependent on heterotrophic trophic provision, and at the initial stage when the
photosynthetic apparatus is not yet fully formed, energy deficiency causes a delay in
development. At the low dose of 10 g/L sucrose, shoot formation in the explants was
61.3%, the average shoot number was 5.3 = 0.53, and the growth score was 5.1 & 0.20.

Table 1.
The effect of different sucrose concentrations on the in vitro micropropagation of the
Shirvanshahi grape cultivar

Sucrose (g/L) Shoot Shoot Contamination Growth
Number Formation Rate (%) Score (1-10)
(mean) (%)
0 g/l 2.02£0.20 233 +3.1 0.33£0.58 2.0+0.10
10 g/l 5.3+0.53 61.3+3.1 5.33 £0.58 5.1+0.20
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20 g/l 7.2+0.72 82.7+4.2 7.67 +0.58 7.0+ 0.20
30 g/l 8.8 +0.88 1000 14+1 8.0£0.30
40 g/l 9.2+0.92 100+ 0 15.33 +£0.58 8.0+£0.20

This indicates that the carbon source does not provide sufficient energy for cell
division and differentiation, and the multiplication rate does not reach the optimal level.
At the same time, a low sucrose concentration reduces the osmotic potential of the
medium and stimulates a tendency toward hyperhydricity in cells, which limits growth
processes.

At 20 g/L sucrose, the explants already exhibited higher shoot formation (82.7%)
and average shoot number (7.2 + 0.72), with the growth score reaching 7.0 = 0.20
(tablel). This indicates that the carbon source is sufficient to stimulate morphogenetic
activity. In general, most plant tissue culture protocols use 2—3% sucrose as a standard,
which provides the energy balance required for cell division without creating
excessively high osmotic pressure [1].

The highest values were observed at sucrose concentrations of 30—40 g/L: at 30
g/L, shoot formation reached 100%, the average shoot number was 8.8 + 0.88, and the
growth score was 8.0 = 0.30. Similar results were recorded at 40 g/L, with the shoot
number even slightly increasing (9.2 + 0.92) (fig 1). This shows that sucrose
concentrations of up to 4% can be utilized in the in vitro medium without inducing
osmotic stress for the Shirvanshahi grape cultivar, and that the explants are able to
benefit from this additional carbon source for their development. Some studies
emphasize the inhibitory effect of sucrose doses above 30 g/L on development: high
sugar concentrations may increase intracellular osmotic pressure, inducing stress or
toxicity, which results in a decrease in shoot number and length [3]. In our experiment,
no such evident negative effect was recorded at 40 g/L; however, Gago note that
progressively higher sucrose concentrations (50 g/L. and above) may negatively affect
the physiological state of cells and slow down growth processes [1]. The study
conducted by Sridhar and Naidu (2011) also showed that the type and amount of carbon
source is a factor that significantly influences shoot formation capacity [4]. These
proportional changes clearly demonstrate how important the carbon source is as a
limiting factor in in vitro propagation.
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Figure 1. Effect of different sucrose concentrations on the in vitro propagation of the
Shirvanshahi grape cultivar
Source of the figure: author's development
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The statistical significance level of the results (P < 0.0001) indicates that the
observed differences are not random and result from the biological effect of sucrose
concentration on plant tissue growth and the formation of new shoots. Changes in
sucrose content directly shape the in vitro behavior of Shirvanshahi grape explants.
The high coefficient of determination (R* = 0.79) for the model shows that
approximately 79% of the results obtained in micropropagation are explained by this
factor alone, meaning that sucrose has a very strong effect. In the face of such a strong
effect, the role of other factors (individual plant variations, external environmental
factors) is relatively reduced, which is practically significant: properly optimizing the
sucrose level can dramatically improve the propagation indicators of the culture (fig
2).
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Figure 2. Effect of different sucrose concentrations on the in vitro propagation of the

Shirvanshahi grape cultivar

D. Indicators (% or mean values)

The results of the conducted study indicate that the in vitro micropropagation and
morphogenetic development of the Shirvanshahi grape cultivar are directly dependent
on the optimal supply of the carbon source. For explants, sucrose supplementation in
the range of 3040 g/l maximally stimulates cell division, shoot formation, and
vegetative differentiation, neutralizes the negative effects of osmotic stress through
adequate energy provision, and consequently creates conditions for the formation of
healthy shoots with high viability. This shows that the carbon source is not limited to
functioning merely as an energy substrate, but also carries functional significance as a
determining component of the morpho-physiological effectiveness and trophic-
homeostatic balance of microclonal development.
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It is known that many heterocyclic compounds, even relatively simple ones, are
difficult to obtain, significantly limiting their scope of application. Therefore, the
search for new regioselective heterocyclizations based on readily available reagents is
highly relevant. Various amidoalkylating agents, in particular those obtained from
Schiff bases according to the general scheme, are among such promising reagents:

\ R'COCI N
/C:N_R > C - N - COR1
R = Ar, Het am
cl R

The preparation of reagents according to this scheme is only briefly mentioned in
the literature [1-3].

The use of such amidoalkylating reagents obtained from cage ketones would allow
the preparation of nitrogen heterocycles by a new method, often yielding uniquely high

yields [4].
The aim of this study is to attempt the synthesis of N-(3-(adamantan-1-yl)-4-oxo-
1,2,3,4-tetrahydroisoquinolin-1-yl)-N-cyclohexylacetamide using 1-

adamantylglycine as a synthon to prepare the amidoalkylating reagent.

The physiological activity of cage hydrocarbon derivatives, primarily adamantane
derivatives, has been extensively studied. Some of them are already used as
pharmaceuticals. The activity of these compounds is due to the pronounced lipophilic
nature of the compact hydrocarbon fragment, as well as, probably, the abiogenic origin
of most of these compounds [5, 6].
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Below is the diagram according to which the synthesis was carried out:

Ad CICH,COClI H,0
CH=N% CH-N%
COOCH, CcoocCH, -HCl

0 CH,C1
(14) (15)

(18)

General synthesis procedure.

1) 2-(Adamantan-1-yl)-2-(benzylideneamino)methyl acetate (14). Mix equimolar
amounts of methyl 1-adamantylglycine ether and benzaldehyde in dry toluene. Remove
water using a Dean-Stark trap.

2) 2-(Adamantan-1-yl)-2-(2-chloro-N-(chloro(phenyl)methyl)acetamido)methyl
acetate (15). Add an equimolar amount of chloroacetic acid chloride to the residue in
the toluene solution. Leave at room temperature for 24 hours. Remove the solvent in
vacuo. Add an aqueous alcoholic solution of KOH to the residue and stir at room
temperature for 15 hours. 3) 2-(Adamantan-1-yl)-2-(2-chloro-N-
(hydroxy(phenyl)methyl)acetamido)methyl acetate (16). The reaction mixture is
refluxed under a condenser for 4 hours.

4) 4-(Adamantan-1-yl)-3-(2-chloroacetyl)-2-phenyloxazolidin-5-one (17). The
solvents are removed under vacuum. The residue is crystallized from ethanol-hexane.
Yield 83%. 5) 3-(Adamantan-1-yl)-6,10b-dihydro-2H-oxazolo[2,3-a]isoquinoline-
2,5(3H)-dione (18). Oxazolidine (17) is dissolved in dry benzene and an equimolar
amount of Et3N is added. The mixture is refluxed for 2 hours. After cooling,
triethylamine hydrochloride is filtered off. The solvent is removed under vacuum. The
residue is crystallized from ethanol. Yield 78%.
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Abstract. The paper examines a latency-aware perception and decision pipeline
for a low-cost camera-based mobile robot operating in offline navigation mode. The
study is focused on the part of autonomous navigation where a video frame is
transformed into a motor command through local processing. The proposed
interpretation differs from general robot platform comparison because it treats
navigation as a measurable closed loop that includes frame capture, preprocessing,
object detection, object tracking, risk-zone evaluation, motor command generation and
logging. The paper defines a set of indicators for judging whether the system is
technically suitable for controlled indoor navigation: frame rate, inference delay,
localization quality, tracking continuity, command stability and scenario success. The
practical value of the work is that the robot can be assessed without cloud inference
and without a complex map-based navigation stack.

Camera-based offline navigation is attractive for educational and laboratory mobile
robots because it reduces dependence on expensive sensors and remote computation.
At the same time, this reduction creates a stricter engineering problem. A camera gives
rich visual information, but it does not provide direct depth, guaranteed object identity
or an immediate safety decision. The processing chain must therefore be designed so
that every intermediate output can be checked. Single-stage detectors such as SSD
showed that detection may be performed as a direct prediction task, while later dense
detectors and keypoint-based approaches gave alternative views on how bounding
boxes can be produced from image evidence [1-3].

For a small robot, the strongest requirement is not only high detection accuracy.
The robot must receive a new frame, produce a stable object estimate and select a
command before the physical scene changes too much. This makes latency a system-
level variable rather than a secondary programming detail. In the proposed pipeline,
the detector is assessed together with the tracker and the local decision rule, since an
isolated bounding box has little value if it arrives too late or causes an unstable
command.

The first design assumption is that the robot works in a controlled indoor
environment where the camera view, lighting and obstacle positions can be repeated
during experiments. This assumption does not remove uncertainty from the task, but it
makes the first version of the prototype measurable. A laboratory route can contain
static obstacles, lateral obstacles and one moving object crossing the field of view. The
same route can then be recorded and used for separate evaluation of detection, tracking
and command generation before motor tests are repeated on the physical platform.
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Table 1.
Evaluation variables for the offline perception-control loop
Pipeline stage Variable to record Engineering meaning
: Defines the input sequence
Frame number, timestamp,
Frame capture : and allows delay
resolution
measurement.
) Class label, confidence, .ShOWS Whethq the object
Detection : : is localized with enough
bounding-box coordinates s .
reliability for navigation.
: Object ID, centroid Shpws whet.her the same
Tracking . object remains stable
displacement, track loss
across frames.
.. Zone label, command, risk |Links perception output
Decision . :
threshold with movement logic.
Shows whether the
) Sent motor command, decision reaches the
Actuation ..
response delay movement mechanism in
time.
. CSV or text record for Allows the experiment to
Logging be repeated and checked
every loop )
numerically.

Source: prepared by the author based on the proposed experimental protocol.

The variables in Table 1 make the pipeline testable at the level of separate
engineering events. Detection results can be checked against annotated images, while
tracking results can be checked against frame sequences. The decision module is
evaluated through the command that it produces for each zone of the camera image.
This structure is useful because it prevents the experiment from being judged only by
the visual impression that the robot moved or stopped.
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Latency-aware offline perception-control loop

Camera —» |Preprocessing| _, Detector — Tracker —» | Zone decision
frame resize + filter boxes + score ID + motion command

Timing log Detection log Navigation log
class, box, IoU success, delay

frame, T0...T5

h 4

Motor action
left/right speed

Each stage leaves a measurable trace, so failure can be assigned to perception, tracking, decision, or actuation.

Figure 1. Latency-aware offline perception-control loop
Source of the figure: author's development.

Figure 1 presents the loop as a chain of measurable states. The camera frame is not
treated as a passive image, because the frame becomes the starting point of a timed
decision. The detector and tracker create the perception output, the decision module
maps it into a local command, and the logging layer keeps the numerical evidence for
later interpretation. In this sense, the proposed pipeline is closer to an experimental
system than to a simple demonstration script.

Object detection in this work is interpreted as the localization of obstacles or
relevant navigation objects inside the current frame. The expected detector output is a
class label, a confidence score and a rectangular bounding box. A detector that
produces a visually correct box in one frame may still be unsuitable if the same object
appears and disappears in consecutive frames. For this reason, the paper separates the
spatial quality of detection from the temporal quality of tracking.

Tracking makes the perception layer less sensitive to single-frame errors. In multi-
object tracking literature, evaluation has long been connected with continuity, missed
objects, false matches and identity switches. The MOT16 benchmark and CLEAR
MOT metrics formalized this problem by connecting detections across frames and
measuring the stability of the object identity over time [4, 5]. For the proposed small
robot, the same logic can be simplified: a track is acceptable when the object ID
remains continuous long enough to support a safe command.

A simple motion model may use a centroid tracker or a Kalman-filter-based
predictor. The Kalman filter remains useful in this context because it estimates the next
state from a current observation and a previous state, which gives a compact
mathematical basis for smoothing object motion [6]. In a low-cost prototype, this can
reduce command jitter when the bounding box shifts slightly because of noise, blur or
illumination changes.

Navigation decisions are generated through image zones. The image width is
divided into left, central danger and right regions. If the object center is in the central
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danger region and the bounding box is large enough, the robot stops or avoids the
object. If the object is on the left, the robot can turn right; if the object is on the right,
the robot can turn left. This rule-based decision layer is deliberately simple because it

must be explained through screenshots, logs and repeated tests.

Table 2.
Scenario matrix for command validation
Scenario Visual event Expected Failure symptom
command
No object in the :
S1 forward camera move forward R.ObOt stops without
visual reason.
zone
. Robot continues
S2 Large object in the stop or avoid forward toward the
central zone :
object.
Object detected in : Robot turns toward
S3 turn right the object or
the left zone .
remains unstable.
Object detected in Robot .turns toward
S4 . turn left the object or delays
the right zone
the command.
Moving object Command changes
S5 crosses the field of |slow down or stop |too late or tracking
view is lost.

Source: prepared by the author for the planned offline navigation experiment.

The scenarios in Table 2 make the experiment more structured than a single robot

run. Each scenario produces an expected command before the test begins, so the result
can be interpreted without changing the criterion after observation. This is especially
useful when the robot produces a visually acceptable movement but the underlying
command sequence is unstable. The log may show repeated switching between stop,
turn and move commands even when the final physical motion looks acceptable.
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Planned timing budget for one navigation loop

50 -

Target time, ms

capture preprocess detect track decide command

Figure 2. Planned timing budget for one navigation loop
Source of the figure: author's development.

Figure 2 illustrates the timing budget used to plan the experiment. The numbers are
target values rather than measured results, and they show where the main processing
bottleneck is expected. The detector normally occupies the largest part of the loop,
while frame capture, preprocessing, tracking and command generation form the
remaining delay. After implementation, the same chart should be replaced or
supplemented with measured values taken from the log file.

The timing budget is connected with physical safety. If the robot moves slowly, a
moderate delay may still be acceptable. If the robot moves faster, the same delay
becomes more dangerous because the robot travels a longer distance before the new
command is produced. This is why high-speed platforms require a more complex
control stack, while a low-speed indoor prototype can focus on the relation between
visual evidence and local command stability. The dynamic window approach in mobile
robot collision avoidance also shows that velocity choice and obstacle distance must
be considered together rather than separately [7].

43



COMPUTER ENGINEERING
INTERDISCIPLINARY DISCOURSE: THE LATEST THEORIES, IDEAS AND
DEVELOPMENTS

Decision-zone model for camera-only local navigation

object A

/| object B

ohject C

central danger
stop / avoid

Figure 3. Decision-zone model for camera-only local navigation
Source of the figure: author's development.

left zone

¢ right zone
turn right

turn left \

Figure 3 shows the main decision rule used in the prototype. The central region
corresponds to the forward movement path of the robot. The side zones help the system
select the direction of avoidance. This figure is different from a full route map because
it does not describe global navigation. It describes the local perception-to-command
rule that is sufficient for a controlled obstacle-aware experiment.

Table 3.
Design risks and mitigation decisions
Risk in the prototype Likely cause Mitigation in the experiment
. . . R t test fi
False negative obstacle Blur, low light, small object sepeat tests under 1X.ed
. s lighting and report missed
detection size .
detections.
. . Background texture or Use confidence threshold and
False positive detection . .
irrelevant object record false command events.
. Occlusion or sudden box Measure track loss count and
Tracking loss . 1 g
displacement centroid displacement.
o Slow detector or overloaded Measure capture-to-command
Late navigation response
processor delay for every loop.
Use track continuity and
Unstable motor command Frame-to-frame detection jitter | command smoothing before
actuation.

Source: prepared by the author based on the planned prototype limitations.
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Table 3 connects expected weaknesses with concrete mitigation decisions. The
point is not to hide the limitations of a camera-only prototype. The point is to identify
them through measurable indicators. A camera-first system will remain sensitive to
illumination, distance and occlusion. The scientific value of the experiment comes
from showing how these conditions affect detection, tracking and decision output in a
documented way.

Conclusions. The paper proposed a latency-aware interpretation of camera-based
offline navigation for a low-cost mobile robot. The main result is a structured
perception-control loop in which every step can be measured: frame capture,
preprocessing, detection, tracking, decision and command generation. This
interpretation gives a practical way to evaluate a small autonomous prototype without
claiming that it replaces full SLAM-based or high-speed autonomous platforms.

The proposed evaluation structure uses both perception indicators and navigation
indicators. Precision, missed detections and bounding-box localization show the
quality of the detector, while tracking continuity and command stability show whether
visual information can support movement. Response delay and frame rate connect the
software layer with the physical behavior of the robot. The combination of these
indicators gives a defensible experimental basis for a camera-only offline navigation
prototype.

The study also defines the boundaries of the prototype. The system is suitable for
controlled indoor experiments with visible obstacles, stable lighting and low movement
speed. Future work may extend the same pipeline through stereo vision, depth sensors,
stronger embedded processors, semantic segmentation or more advanced local
planning. Even in its simple form, however, the pipeline provides a measurable bridge
between visual perception and autonomous motion.
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I'IlBPUJIHA LSTM-MOJEJIb ITPOI'HO3YBAHHA
SAVIMINKOBOI'O TPOBITY EJIEKTPOMOBLJISA HA
OCHOBI TEJIEMETPUYHUX TA ®I3UYHO-
TH®POPMOBAHHUX O3HAK

JApona Poman IropoBuy
acmipast
HarmionansHuil yHiBepcHUTeT «JIbBIBChKa MOJITEXHIKAY, YKpaiHa

AHoTaLA

Y  po0OOTI pO3rAsHYyTO 3aJady MPOTHO3YBAaHHS  3aJIMIIKOBOTO  MPOOIry
EJIEKTPOMOOUIS B pealIbHUX YMOBAX €KCILTyaTallli Ha OCHOBI TEJIEMETPUYHUX JTAHUX Ta
¢b13u4HO-1H()OPMOBAHUX 03HAK. 3aPONOHOBAHO T1IOPUAHY HEHPOMEPEKEBY MOIEIb, Y
akiit pekypeHTHe LSTM-s1po noeqHyeThes 3 BXIIHUM MPOCTOPOM, CHOPMOBAHUM Ha
OCHOB1 BUMIPSIHUX T€JIEMETPUUHUX TTApAMETPIB, TOXITHUX YACOBUX XapaKTEPUCTUK Ta
G13UYHO OOIPYHTOBAHUX O3HAK EHEPreTHYHOIO CTaHy TPAaHCIOPTHOTO 3aco0y.
ExcniepuMenTansHy nepeBipKy BUKOHAHO Ha BigkpuTomy naraceti ESOGU-MLSEV.
[inboBy 3MmiHHY Range cdopmoBaHO $K 3aJUIIKOBY BIJICTaHb JI0 3aBEPILICHHS
nmoTo4Hoi cecli pyxy. IIpoBeaeHo aOusiiiiHUI aHaII3 TPyn O3HAK, MOPIBHSIHHSA
apXITEeKTyp YaCOBUX MOJICJICH, aHA3 YYTJIMUBOCTI JO JOBKHWHHU BXIJHOTO BIKHA Ta
nepeBipky ¢iHanbHOI KOH(Irypamii 3a creHapiasmu pyxy. Halikpaily TOYHICTB
3a0e3neumnsia ogHomaposa LSTM-monens 3 dropout, 10-ceKyHIHUM BXiTHUM BIKHOM
ta batch size = 64. [{ns pinansHoi KoHbIryparii otpumano test MAE = 0,0601 kM Ta
test RMSE = 0,0708 xm.

AKTYAJIBHICTB | IOCTAHOBKA 3aa4i.

Y Mexax JOCHIDKEHHS 3aJada TPOTHO3YBaHHS 3aJUIIKOBOTO  TPOOITY
chopMybOBaHa K 3ajJada perpecii Hajg YaCOBHMHM TMOCIIIOBHOCTSIMU. L{i160BOIO
3MIHHOIO € 3aJIUIIKOBA BIJICTAHb y KUTOMETPAX, SKY €JIEKTPOMOOLIh 1€ MO0JIa€ 10
3aBEpIICHHS TMOTOYHOI cecii pyxy. Taka MOCTaHOBKa Ma€ MPUKIATHE 3HAYCHHS,
OCKIJTbKM 0O€3IMocepelHbO BIAMOBiIae moTpedi Boxdiss abo OopToBOi iH(OpMAaIIHHOT
CUCTEMHU OIIIHUTH, AKY YaCTUHY MAPIIPYTy TPAHCIIOPTHUH 3aci0 11e 37aTHUI TPOUTH
3a MMOTOYHOTO EHEPTETUYHOTO CTaHY.

dopMaabHO TSI MOMEHTY 4Yacy t MOJENb OTPUMYE ICTOPIF0 TEJIEMETPUIHHX
CIIOCTEPEKEHb Y YACOBOMY BIKH1 JOBXKUHU T ':

Xt = {111 Xeor2) 0 Xt} (1)

1€ X; — BEKTOP BXIJIHUX O3HAK Y MOMEHT 4acy t. 3aBJaHHS MOJCIHI IOJIATaEe B
OI[IHIOBaHHI 3HAYECHHSI:

Ve = f(Xe), (2)
ne Y; — TpOorHo3oBaHa 3ajMIIKOBa BIJICTaHb, a f — HaBUYCHA MOJEIb
MIPOTHO3YBaHHHI.

47



COMPUTER SCIENCE
INTERDISCIPLINARY DISCOURSE: THE LATEST THEORIES, IDEAS AND
DEVELOPMENTS

BaxnuBo, 1mo B poOOTI MPOTHO3YETHCSI HE OKPEMO CTaH 3apsiay Oatapei 1 He
MUTOME EHEPrOoCIOXKUBAHHS, a OE3MOCEPE/IHbO MPAKTHUYHO 3HAYYI[A BEJIMYMHA —
3aJIMIIKOBA B1ICTaHb JI0 3aBEPUIECHHS TOTOYHOI Ccecii pyXy.

Jani Ta popMyBaHHS HILOBOI 3MiHHOL

ExcniepuMeHTallbHy OCHOBY JOCIIKEHHS chopMoBaHO Ha 0a3i BIAKPHUTOTO
natacety ESOGU-MLSEV, ony6mnikoBaHoro y sxxypHaii Data in Brief Ta 1oAaTKOBO
po3mitnieHoro y pemnosutapii Zenodo [5], [6]. BukopuctanHs BiIKpUTOro HabOpy
JaHUX 3a0e3eyye BiITBOPIOBAHICTh €KCIIEPUMEHTIB, IPO30PICTh MOXOMKEHHS JaHUX
Ta MOKJIMBICTh IOBTOPHOI MEPEBIPKU OTPUMAHUX PE3YJIbTATIB.

JlaTaceT MICTUTh TEJNEMETPUYHI 3amucu enekTpomoOina LS5S-kareropii, skuit
BUKOPHCTOBYBaBCA B YMOBaX MICBHKOI JOTICTHKH. JlaHI TOJAHO Y BUTIISAII OKPEMHX
CSV-paitniB 13 CeKyHIHOIO AMCKpeTh3aliero. Y miki podotri koxkeH CSV-daiin
IHTEPIPETOBAHO K OKpEMY ceCito pyxy. OCKUIbKY Y BUX1THUX JTAHUX B1ICYTHE TOTOBE
M0JIE 3AJIMIIKOBOTO NMpo0iry abo OOPTOBOro MPOTHO3Y 3aracy XoAy, LUIbOBY 3MIHHY
Range chopmoBano onepaiiiiiHo Ha ocHOBI noka3zHuka Odometer.

JIJ1 KO)KHOTO MOMEHTY 4acy t 3aJIMIIKOBY BIJICTaHb BU3HAYEHO K PI3HULIIO MIXK
KIHI[EBUM 3HAYEHHSM HAKOIMYEHOTO MpoOIry B Meax BIJIIMOBIIHOI cecli Ta Horo
MOTOYHUM 3HAYCHHSIM:

Range; = Odometer,,; — Odometer;, (3)

Takum uynHOM, Range y 11t poOOTI IHTEPIPETYETHCA HE SIK TACIOPTHUIM 3a11ac Xoay
€JIEKTPOMOOLIS, a SIK 3aJIMIIKOBA BIJICTaHb /10 3aBEPIIEHHS IOTOYHOI cecii pyxy. Takui
HiAX1J € METOJAUYHO KOPEKTHUM JUIS 33Ja4l IPOrHO3YBaHHS 3aIMILKY MapLIpyTy Ta
ITOBHICTIO BIATBOPIOBAHUM Ha BIIKPUTHUX JaHUX.

@opMyBaHHA TeJIeMETPUYHHUX TA PiZHYHO-IH(POPMOBAHUX 03HAK

[Ticnst hopmyBaHHS IUTHOBOI 3MIHHOT OyJI0 TOOYIOBAaHO MPOCTIP BXITHUX O3HAK
s HeifipoMmepeskeBoi Mozeni. Moro copMoBaHO SK TOE€IHAHHS GE3IOCEPENHBO
BUMIPSIHOI TeJeMeTpii, aHATITUYHO OOUYMCIEHUX MOXIAHUX XapaKTEPUCTHK, YACOBUX
arperatiB Ta (P13UM4HO-1H(HOPMOBAHUX O3HAK.

Jlo mepmioi rpynu yBiuiM 0e3mocepelHb0 BUMIPSHI TEIEMETPUYHI apaMeTpu:
HIBUIKICTh PyXy, CTaH 3apsay Oarapei, CTpyM 1 Hampyra TSTrOBOTIO KOJja, KpyTHUMN
MOMEHT, TeMIIepaTypa eIeKTPOJBUTYHA, BUCOTA HAJ PIBHEM MOpPS Ta HAKOMUYCHUU
npo6ir. Ili mapameTpu ONMUCYIOTh TMOTOYHHMM CHEPreTMYHUM 1 JUHAMIYHUN CTaH
TPAHCIIOPTHOTO 3aC00Yy.

Jlo npyroi rpymu BIIHECEHO MOXiJHI O3HaKd, chopMOBaHI Ha OCHOBI 0a30BHX
TEJIEMETPUYHUX CUTHATIB. 30KpemMa, Ha OCHOBI MIBUIKOCTI OyJ0 OOYMCIEHO
MPUCKOPEHHS, HA OCHOBI CTPYMY Ta HAIIPYTH — MUTTEBY €JIEKTPUUHY MOTYXKHICTb, a
Ha OCHOBI BUCOTH Ta MPOoOIry — MOXIAHY OLIHKY JIOKQJIbHOTO YXHIy MapipyTy. Kpim
TOTO, OYyJ10 chopMOBAHO O3HAKY MPOMACHOI BIICTaHI B/l MOYATKY CECii.

TpeTio rpyny CTaHOBWJIM YacOBI Ta BIKOHHI XapaKTEPUCTHUKH, SKI OMHUCYHOTh
KOPOTKOYACHYy icTopio pyxy. [lo HMX Hanexanu cepeqHl 3HAUY€HHS IIBHJIKOCTI Ta
MPUCKOPEHHSI y MeXaX BiKHA, BAapIaTUBHICTh HIBUIKICHOTO PEXUMY, 1HAMKATOPU
peKUMY 4YacTUX 3YNMUHOK 1 pyIIaHb, a TaKOX Yy3araJbHEHI XapaKTePUCTUKH
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CHepreTUYHOTrO HaBaHTaKEHHSA. Takui MIAXiM Y3TOJKYEThCS 13 3arajJlbHUMHU
npuHIUnamMu GopMyBaHHS O3HAK ISl YACOBUX PAJIIB [7].

YeTBepTy Ipyly CTaHOBMIM (i3uuHO-iHbOpMOBaHi 03Haku. Ix cdopmoBaHO Ha
OCHOBI (p13UYHOT JIOTIKH €HEPTOCIIOKUBAHHS €JIEKTPOMOOLIIS: €ICKTPUYHA MOTYKHICTh
TATOBOTO KOJa, TEMII 3MIHH CTaHy 3apsy, JJOKAIbHUM YXWJI MapuIpyTy, EHEpreTuIHe
HaBaHTAXEHHS y BIKHI CIIOCTEPEKCHHS Ta 03HAKH, 1110 BiJOOpaXKaroTh TUHAMIKY PYXY.
Taki 03HaKM MOB’ A3YIOTh MOJCIb 13 (PI3UYHUMH MPOIIECaMHU, sIKI BA3HAYAIOTh BUTPATH
eHeprii Ta 3MiHy 3aJMIIKOBOTO Mpo0iry. Bukopuctanusa (i3sudHO 3MICTOBHHX O3HAK
TAKOXK Y3TOJDKYEThCA 3 TMIAXOAaMH [0 TMOOYJOBH EHEPreTUYHHX MOJeNei
eIeKTPOMOOLTIB [8].

['OpuaHIiCTh 3amMpPONOHOBAHOTO MIAXOMY TOJSTaE HEe y BOyJOBYBaHHI MOBHOTO
(G13UYHOrO CUMYJISITOpa B HEMpoMepexy, a y (opMyBaHH1 (PI3MUHO OOIPYHTOBAHOTO
BX1HOTO mpocTopy. TooTto LSTM-MOoenb HaBYa€EThCS HAa pealbHUX TEIEMETPUUHUX
JAHUX, aJie OTPUMY€E HE JIMILIEe CUPl CUTHAIH, a 1 03HAKH, 10 MalOTh Oe3mocepeaHii
(b13UYHMI 3MICT.

Taoauusa 1
['pynu 03HaK, BUKOPUCTaHI y T1IOpUAHIN MoJIesl
I'pyna o3nak Hpuxiaaau Posib y nporao3yBanHi
. mBUAKICTh, SOC, cTpyM ONUC MOTOYHOT'O CTaH
Tenemerpuyni A ’ > CTPYM, : y
HaIpyra, KpyTHHA MOMEHT | €JIeKTPOMOOLIIS
MIPUCKOPEHHS, EIEKTPUYIHA :
o : . OIKC IMHAMIKHU PyXY Ta
[Toximai MOTYXKHICTb, JIOKJIbHHM
CHEPreTUYHOTO HaBAaHTAKCHHS
VXU
Yacosi CEepeJiHI Ta BaplaTHUBHI ypaxyBaHHSI KOPOTKOYACHOI
3HAYCHHSA Y BIKHI icTopii pyxy
temn 3mian SOC,
®di3uyHo- NOTYKHICTb, YXHUJ, 3B’SI30K MOJENI 3 (P13UKOI0
1H(popMOBaHi €HEPreTUYHE €HEPrOCIOKUBAHHS
HABAHTAKCHHS

ApxiTtektypa riopuanoi LSTM-moneni

JI71st MoJIeTTIOBaHHS YaCOBHX 3QJICKHOCTEHN Y TEIEMETPUYHUX JAHUX BUKOPUCTAHO
peKypeHTHY HelpoHHy Mmepexy tuiry LSTM. Bulip mi€i apXiTekTypu 3yMOBJICHHIA
THAM, IO 3ajJa4a TPOTHO3YBAHHS 3aJMIIKOBOTO TPOOITY 3aJeKUTh HE JIUIIE BiJ
MMOTOYHOTO 3HAYCHHS OKPEMHX IMapaMeTpiB, a i B1J KOPOTKOYACHOI 1CTOPIl pyXy, 3MIHH
IIIBUIKOCTI, HEPreTUYHOTO HABAHTAXKEHHS, CTaHy 3apsay Ta mMpouIo MapIIpyTy.
LSTM-Mmepexi npusHaueHi s poOOTH 3 MOCIIJOBHOCTSIMHM Ta 3AaTHI 30epiratu
pesieBaHTHY 1H(POpMAILIilo 3 MOMEPEIHIX YACOBUX KPOKIB [9].

KosxeH BX1HUM TPUKIIA] MOJaBaBcs A0 Mojeli sk yacoBe BikHO (1). IIpu nubomy
KOYKEH BEKTOP O3HAK CKJIaJIaBCs 3 JIBOX B3a€EMOIIOB’ I3aHUX YaCTHH:

xe = [xfeL xP™?), (4)

tel phys - -
ae Xx;°° — TelleMEeTpUYHA KOMIIOHEHTa, a X, ~ — (i3uyHO-1HPOpMOBaHA

KOMIIOHCHTA.

49



COMPUTER SCIENCE
INTERDISCIPLINARY DISCOURSE: THE LATEST THEORIES, IDEAS AND
DEVELOPMENTS

Y3araapHEHO apXiTEKTypy MOJEII MOKHA MMOJJaTH TaK:

Ve = freg (Dropout(LSTM(Xt))) , (5)

Pekypentne sapo moxeni peanizoBaHo sk onHomapoBy LSTM-mepexy. Ilicas
LSTM-mapy 3actocoBano dropout-peryispu3aiiito, a BHUXIIHHA TOBHO3B SI3HHM
perpeciiiamnii 6510k (GOpMyBaB CKaJIIpHE 3HAYCHHS IPOTHO30BAHOI 3aJMIIIKOBOI
BiJicTaHl. Taka apxiTeKkTypa J103BoJuia noeqHaTu 3natiictb LSTM 1o MoaentoBanHs
YaCOBHX 3JIEKHOCTEH 13 (DI3UYHO OCMUCICHUM MPEICTABICHHSM BXITHUX JIaHUX.

HaBuyanHsi MojeJIi Ta eKCIIEPUMEHTAJILHUHA MIPOTOKOJI

HaBuanHs BUKOHYyBajocs sk 3a/1ada perpecii. OCHOBHOIO METPUKOIO SIKOCTI OyJ10
obpaHo cepeHto abcomoTHY Moxuoky MAE, ockiibku BoHa 6€31ocepeIHbO TToKa3ye
cepeaHe BIAXWIICHHS MPOTHO3Yy BiA (DAKTUYHOI 3aJUIIKOBOI BIJICTaHI y KUJIOMETpax.
JHonatkoBo BukopuctoByBasiacs RMSE, sika € 4yTIUBIIIOO 1O BEIUKUX MOMUIIOK
MPOTHO3YBaHHH.

[lepen HaBYAHHSAM yC1 YKCIOBI O3HAKH OyJIO HOPMAJI30BaHO 3a CTATHCTHKAMU
HaByaJgbHOI BUOIpKU. CepeHe 3HaYEHHS Ta CTaHAAPTHE BIAXUJIEHHS 00YMCIIOBAIINCS
JUIIEe HAa HABYAJIbHUX JAHUX, MICIS 4YOTO TI caMml MapaMeTpu 3aCTOCOBYBAJIHUCA 10
BaJIIJAlIiHOT Ta TecToBOi BUOIpok. Takmii miaxin 3amoOirae BUTOKY 1H(popmarii 3
KOHTPOJIbHUX M1ABUOIPOK.

st onTuMizariii mapaMeTpiB mMojeni BUkopuctaHo Adam, sikuii € eexTUBHUM
aJIalITUBHUM METOJIOM CTOXaCTUYHOI OoNTUMI3alli ruOoKux HeilpoHHUX Mepex [10].
JUis 3HW)KEHHSI PU3UKY IepeHaBYaHHs 3acTocoBaHO dropout-perynspusanito [11] Ta
MEXaHI3M paHHbOI 3yNUHKU. EKcriepuMeHTallbHa MepeBipKa BKIIOYANa I1'ATh TPYII
EKCIIEpUMEHTIB: a0JIAIiI0 03HAK, MMOPIBHSHHS apXITEKTYp, aHaJ3 JOBXKHHHU BXiJTHOTO
BIKHA, OI[IHIOBaHHS CTIMKOCTI JO IlapaMeTpiB HaBYaHHS Ta CICHApHUN aHaji3
(hiHaNTBHOT MOJIEIII.

Pe3yabTaTi eKCliepMMEHTIB

[lepmnM eTanoM eKCHepUMEHTAIbHOI NEepeBIpKU OyB aOJALIIMHUI aHali3 O3HAK.
Horo MeToro 6yJ10 BU3HAYHTH BHECOK OKPEMHX IPYIl BXiJIHHX MApaMeTPiB Y TOUHICTH
nporHo3yBaHHs. [loBHa monens AOQ nocsarna test MAE = 0,1313 km Ta test RMSE =
0,1855 kM. BonHouac BunydeHHs (i3udHO-1HPOPMOBAHUX O3HAK y KOHPirypamii Al
MPU3BEJIO JI0 CYTTEBOTO MoTipieHHs pe3yibrary: test MAE 3pocna go 0,4936 kM, a
test RMSE — 110 0,5714 kwm. Lle miaTBepaumo, mo came piznyHo-1HPOPMOBaHI O3HAKH
3a0e3Mevyl0Th 3HaUHy YaCTHHY MPOrHOCTUYHOT CHIIM MOJIENI.

OxpeMo OyJI0 BCTAaHOBJICHO, IO BIJIYYCHHS O3HAKH MPOWIEHOT BIJCTaHI Bif
MOYATKY CeCii TAKOXK Pi3KO MOTIPIIyE SAKICTh MPOTHO3YBaHHS: y KOH(irypaiii A7 test
MAE cranosuna 0,4709 kM. HatoMicTh HaiiKkpammmii pe3yJbTaT y cepii abasmiiiHmx
eKCIIEpUMEHTIB Jana KoHpirypauis AS, y skiid OyJlo BHKIIOUEHO TEMIEpaTypHI
o3Haku: test MAE = 0,0727 kM, test RMSE = 0,0866 xm. 1le cBIIUnTh, 1110 B MEXkKax
BUKOPHCTAHOTO HAa0Opy [aHUX TEMIepaTypHI O3HaKM HE MOKpAIlyBalld
y3araJibHIOBaJIbHY 3[aTHICTh MOJIETI.

Hpyrum erarnom OyJio MOPIBHAHHS apXITEKTYp yacoBuX Mojenei. OnHomiaposa
LSTM 3 dropout noka3zana Kpaimuii pe3yiabTaT, Hix JBopiBHeBa LSTM, onHomaposa
LSTM 6e3 dropout Ta TemnopainbHa 3ropTkoBa Mepexka. [[BopiBaeBa LSTM pana test
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MAE =0,1615 kM, a TCN — 0,3813 kM. O1xe, 301IbIICHHS TIAUOMHN 200 Mepexia 10
aNIbTEPHATUBHOI YacOBOI apXITEKTypu HE 3a0e3Meuriiu MOKpalieHHs TouHocTi. Lle
oOrpynryBaino Bubip ogHomapoBoi LSTM 3 peryinspu3aiiieto sik 0a30B0i apXiTeKTypu
(hiHATBHOT MOJIETI.

TpetiMm eTaroM OYB aHa3 YYTIMBOCTI JIO JIOBKUHHM BX1JIHOTO YaCOBOI'O BiKHA.
Bbyno nepesipeno BikHa TpuBaiictTio 10, 30, 60 ta 120 cexyna. Haiikparnuii pe3ynbTaT
otpumano s 10-cexynanoro BikHa: test MAE = 0,0633 kM, test RMSE = 0,0774 km.
[Tonosxenns BikHa 10 30 cexyna paino test MAE = 0,0727 km, 1o 60 cexyng — 0,0699
kM, a 710 120 cexyng — 0,0738 kM. OTxe, 1714 11i€1 3a7a91 KOPOTKHUI YaCOBUI KOHTEKCT
BUSBHUBCS HAMO1IbII iHPOPMATUBHUM.

[Ticnst yTouHeHHs apaMeTpiB HaBUaHHS (PiHAIBHY KOHDIrypaIio cpopMOBaHO SIK
noegHaHHa AS5-HaOopy o3Hak, oaHomapoBoi LSTM 3 dropout, 10-cexyHmHOrO
BXijiHOrO BikHa, learning rate = 1073 ta batch size = 64. Jlna wiei xoHirypauii
otpuMano test MAE = 0,0601 kM Ta test RMSE = 0,0708 km.

Tadauusa 2
Y3aranbHeHHsS OCHOBHUX €KCIEPUMEHTAIIBHUX PE3YJIbTATIB
Haiixpamia / Test Test
Eran KJII04YOBa MAE, | RMSE, BucHoBok
KOH(irypalis KM KM

AS 0e3 TEMIIepaTypHI 03HAKU
AOnsuis 03HaK | TeMIepaTypHHUX 0,0727 |0,0866 | He MOKpaMIA MOJETH

03HAaK y IIbOMY Ha0Op1 JaHUX
EEJ;I}I]{?{ZH_HH ¢b13uuHO-1H(DOPMOBaHI
. Al 0,4936 |0,5714 | o3HAaKU € KPUTUYHO
1H(OpMOBaHUX BASTUBHMIL
O3HaK

: OJIHOIIIapOBa Kpauuii 0anaHc
ApXITeKTypa LSTM +pdropout 0,1313 10,1855 quHOCTi Ta CTIMKOCTI
KOPOTKHUI YaCOBUU
BxinnHe BIKHO 10 cexyHn 0,0633 |0,0774 | KOHTEKCT €
Hale()EeKTUBHINIUM

A5 +LSTM +
dinanpHa dropout + Halkpaiia ¢iHaapHa
MOJIEJIb WINDOW =10 ¢ 0,0601 10,0708 KoH(piryparrist

+ batch size = 64

CueHapHuii aHAJI3 TA 00MEKEeHHS

diHanbHy MOJIEIb JOAATKOBO MEPEBIPEHO B MEkKaX JOCTYIMHUX CLIEHAPIiB pyxy. 3a
IIBUKICHUM PEXUMOM Y TECTOBIM BUOIPII OyiM MpeacTaBieHl MIChKHM Ta 3MIIIaHUMA
pexumu. Y micbkomy pekumi mojenb gocsria MAE = 0,0608 km, RMSE = 0,0713
kM; y 3mimanomy pexumi — MAE = 0,0531 km, RMSE = 0,0659 M. Lle cBiquuTh
po cTablIbHy POOOTY MOJIENI B peabHO MPECTABIECHUX PEKUMAX SKCILTyaTallii.
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Boanowyac cuenapHuii aHaii3 Mae OOMEXKEHHS, 3YMOBJICHI CTPYKTYpPOIO
BIJIKPUTOTO AaTaceTy. Y TeCTOBIM BHOIpIIl OyJia HeIOCTATHS KIJIbKICTh MIPUKIIAIIB JJIS
IIBUJIKICHOTO PEXXUMY PYXY, BUPAKEHUX MITHOMIB 1 CITyCKiB, @ TAKOK BUCOKOT'O PIBHSI
3apsimy Oatapei. ToMy oTpuMaHi pe3yJbTaTH CIIiJI IHTEPIPETYBATH SK ampoOario
MOJIeNIl B JIOCTYIMHHUX peajJbHUX CIEHApisiX, ajié He SK IOBHE OXOIUIEHHS BCIX
MOKJIMBHX YMOB €KCILTyaTallii eJ1eKTpoOMOoO1JIs.

BucnoBku

Y poGoTi 3anpononoBaHo riopuany LSTM-monens nporHo3yBaHHS 3aJIUIIIKOBOTO
npo0iry eneKTpoMOoOiNs, siKa MOEAHYE TeIEMETPUYHI AaHi 3 (13UUHO-1HPOPMOBAHUMHU
o3Hakamu. LlimpboBy 3miHHYy Range cdopmMoBaHO SK 3aJUIIKOBY BIJCTaHb 0
3aBepIICHHsI MOTOYHOI cecii pyXy Ha ocHOBI moka3zHuka Odometer, 1m0 3a6e3ne4nsio
B1ITBOPIOBAHICTh €KCIIEPUMEHTAIBHOI CXEMHU.

ExcriepuMeHTanpHl  pe3yJabTaTH MIATBEPAWIM  JOLUUIBHICT  BUKOPUCTAHHS
(izsuHO-iHQOPMOBAHUX O3HAK. [X BUIydeHHs IIPH3BENO JO CYTTEBOTO 3POCTAHHS
MOXUOKHU TMPOTHO3YBaHHS, TOJI K (piHaNIbHA KOHPIryparis 3 AS5-HaOOpOM O3HaK,
onnomrapoBoto LSTM, dropout-perysnspusaiiieto, 10-ceKkyHIHUM BXIJTHUM BIKHOM Ta
batch size = 64 3a6e3neunna test MAE = 0,0601 xm 1 test RMSE = 0,0708 kM.

OTpuMaHi pe3yJbTaTH MiITBEPAKYIOTh NPUIAATHICTD 3aPOIIOHOBAHOI MOJEN AJIst
IPOTHO3YBaHHS 3aJUIIKOBOIO MpPOOIry eJNEeKTpOMOOUIs B JOCTYNHHUX pealbHHUX
cueHapiax pyxy. Ilomanbin AOCHIIKEHHS NOIUIBHO CIPSAMYBaTH Ha PO3LIMPEHHS
CLEHApPHOr0 IMOKPUTTA, 30KpeMa sl MIBUAKICHOIO PyXy, BUPOKEHHUX MITHAOMIB 1
CIIyCKIB, @ TAKOX Ha MEpeXiJ BiJl TOYKOBOTO MPOTHO3YBAHHS /0 1HTEPBAJIBLHOIO abo
WMOBIPHICHOTO OI[IHIOBaHHS 3aJIUILIKOBOTO TIPOOIry.
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AOHIJIBHICTD 3ACTOCYBAHHSI METOAY
OJIETYEPA-PIBCA B OITUMIBAININHUX 3ATAYAX
BEJIMKOI PO3MIPHOCTI

Puxux Basiepis OuseriBua,
3100yBayka OCBITH
XapKiBCbKHUI HallIOHAIBHUN YHIBEPCUTET PaAi0CICKTPOHIKA

Jis  po3B'si3aHHS CKJIAMHINIMX ONTHUMI3AIMHUX 3a7ad y MaTeMaTUYHOMY
MporpamMyBaHHI, a caMe 3aJad HeNiHIMHOI O0e3yMOBHOI OmNTUMI3aIli BHUCOKOI
PO3MIPHOCTI — YaCTO 3aCTOCOBYIOTh IPaAI€HTHI METOAM JIPYroro nopsiaxky. OJHuM i3
HailepekTuBHIMKUX cepen HuUx € Metonq ®neruepa-PiBca (Merom cCrHpsiKEHUX
IPaJIIEHTIB).

3armuOIo0YKCh B 1CTOPit0, MeTo OyB 3amporoHoBaHuii Xecrencem 1 L tidenem
B 1952. Metop nossirae B ToMy, 1100 pO3MISAATH 1Bl YACTUHU JIIHIMHUX PIBHSHB SIK
KOMITOHEHTHU T'pajiieHTa KBaApaTuyHO1 (DYHKII 1 pO3B'sI3aTh 3a/1a4y MiHIMI3AIIEO 1Ti€T
GyHKIII.

[TizHime dnetuep 1 PiBc B MeTo/1 OOIPYHTYBaIM KBapaTUuHy 301KHICTh METOIY
Ta y3arajJbHUIA MOTO JJI BUMAAKY HEKBaApaTUIHUX PyHKIIiH.[1]

KoHIEmNIis METoMy HOJArac B TOMY, 1100 MOOYILyBaTH IIOCHTiIOBHICTh TOUOK X',
xt, .., x® rakux mo f(x**t1) < f(x*). Cnouarky oGupaerbcs Touka Ha poscyn
KopucTyBada. HacTyrmHi TOUKHM MOCIITIOBHOCTI 3HAXOASTHCS 32 MPABUIIOM:

d® = —Vf(x")
d* = —Vf(x") + Br_,d*!

OO6uucnenns P 6eperbcs 3 dopmynu 1 3abesnedye s KBaApaTHUHOI (opMu
f(x) = Xio1 Xj=1 aijx;x; 1o0ynoBy TOCHinOBHOCTI H-CHpskeHMX HaMpsMKiB, Uit

1

SIKUX (dj,Hdi) = 0,Vi,j=01..,k;i #j . B Toukax mMOCIIJOBHOCTI TPaI€HTU

(GyHKIIIT B3a€MHO MEPIICHIUKYIISIPHI: (Vf (x*+1),vf (xk)) =0 k=0,1,...

2
o lore
k= -
IVf (xk=1)]|2
J{ns Ko’KHOTO 3HauYeHHs K BU3BHAYA€THCS BEIMYMHA KPOKY O 3 hopMynu
f(x* + ad¥) = min f(x* + ad¥) (1)
a

Po3B'si3aHHs 3a/1a41 OTHOBUMIPHOT MiHIMI3allli BiI0YBAETHCS IBOMA CIIOCOOAMU: 3

yMOBH a00 3a JOMOMOTOK METOJIB OJHOBHUMIPHOI MiHIMi3allii, KOJU PO3B'SA3YEThCS

samaua @(t¥) - min
A (P( ) tx€la,b]

Axmo oOpaHO npyruil YHCENbHUN CHociO, pO3B'si3aHHI 3ajadl BHU3HAYCHHS
BEJIMUMHU KPOKY CTYMiHb OJM3bKOCTI 3HAWJEHOTO 3HAYEHHS [0 ONTHUMAaJIbHOTO
PO3B'SI3KY O , 10 3a70BOJBHSE yMOBU (1),3a7€XHUTh Bl 3aJaHHA 1HTEpBAIYy Ta
TOYHOCT1 METO/IIB OJHOBUMIPHOI MiHIMI3aIlii.
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Meton ®netuepa—PiBca € ckiHueHHUM 1 30iraeThcsi He OLIbINIE HIXK 3a N KPOKIB,

DEVELOPMENTS

akmo f(X) KBajpaTuyHa 3 10aTHO BU3HaYeHowo Matpuiero ['ecce (H>0).

Meto HEeCKIHUCHHUN TpU MiHIMI3aIlli HEKBaIpaTUYHUX (PYHKIIH. MOXHUOKH B
po3B's3aHH1 3ama4i (1) NMpU3BOAATE 10 MOPYIICHHS HE TUIBKUA MEPHEHIUKYISIPHOCTI
rpaaieHTiB, a # H-cnpspkeHocTi HanpsmkiB. s HekBagpaTHYHUX (YHKIIH 4acTo
BUKOPUCTOBY€EThCsl anroput™m I[lomaka-Pi0'epa, konmm BenWYMHA OOYHMCIIOETHCS 32

HACTYIMHUM MPUHITUIIOM[2]:

(Vf () |vr (F)-vr (xF 1))

2 —
P = V£ (xk=1)| ,k € K, ne K=[0,n,2n,...].
0, kekK
Tabamnus 1 — Xapakrepuctuka Metony ®@neruepa-Pisca
Xapakrepuctuka | [lepeBaru Hepnosiku
Bumarae npoBeneHHs
He Bumarae oOuncnenHs ta )
: ) TOYHOTO OJTHOBUMIPHOTO
L 30epiraHHs MaTpulll Jpyrux C
PecypcomicTkicTh : NOIIYKY (MiHIMI3alli 3a
MOX1/IHNX, EKOHOMUTh Ay
\ KPOKOM @ Ha KOXKHII
ONEPATUBHY MaM 'ATh. :
Tepariii).
Mae kBagpatuuHy MBUIKICTD | JJIst HEMHIMHUX 1 APYKHUX
HIBuakicTh 301KHOCTI JJIsl KBaIpaTUYHUX | (DYHKI[IN IIBUJIKICTD
30i2KHOCTI GbyHKII1# (3HAXOIUTH 301KHOCTI MOXKE CYTTEBO
MIHIMYM PIBHO 32 N KPOKIB). | YIIOBUIbHIOBATHCS.
) YyTnuBuid 10 HAKOIMYEHHS
[neanbHO MIAXOAUTH AJIS
. : . MOXUOOK OKPYIJICHHS, uepes
MacmrTadoBaHicTh | 3a7a4 13 TUCSYAMU 3MIHHUX .
(n - ) 110 MOTPeOye€ MEeP1OAUIHOTO
CKHUJIaHH$ HaIIPSIMKY
AJIropuTMm:

1. 3amaTu: noyarkoBy Toukyx®, &, &, Mani gomatHi uncna, M - rpaHUYHY KilTbKICTB
iTepaniii. 3uaittu rpagient Vf (x°)

2. Iloknactu koedimieHt itepartii k=0.

3. O0uucIUTH 3HAYCHHST HOPMH I'paJli€eHTa Y IOTOYHIHN TOUIII: ||V f(x") ||

4. TlepeBipUTH BUKOHAHHS KPUTEPIIO 3aKIHUCHHS 32 TPATIEHTOM:

® SKIIO KPHUTEPi BHUKOHYEThCS YMOBa ||V f(x®) || <& , TO PO3pPaxyHOK
3aKIHYEHO(3HANACHO PO3B'A30K);

® SKIIO Hi, TO IEPEUTH 10 KPOKY 5.

5. IlepeBipuTr yMOBY MEPEBUILECHHS JIIMITY 1TEpaLliil:

e SIkmo k = M, To po3paxyHOK 3aKiHUCHO;

e skio Hi, To pu k=0 nepeittu 10 kpoky 6, a npu k=1 nepeiitu 10 KpoKy 7.

6. BuzHaunTh MOoYaTKOBUI HAIPSIMOK PyXy (HAIpPsIMOK HAWIIBUAIIOTO CITYCKY):

d° = —Vf(x°)

[Tepeiitu 1o Kpoky 9.
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7. BusHauntu Koedili€HT CHPSHKEHOCTI . 3alekHo Big oOpaHoi momudikarrii
BIH OOYMCIIIOETHCS TaK:
s kmacuanoro metoay dnetdepa - Pica:

5~ redI
ANICEE

Jns moaudikarii [onaka - Pi6'epa (3 BIIHOBICHHSIM HaIPsMKY KOKHI N KPOKIB, 1€
K=[0,n, 2n,..]):

(V) - V() = v D))
P = IVf (x*=1)]|? k€K,
0, kekK
8. O0UMCIUTH HOBUI CHPSKEHUN HAIPSIMOK MOIIYKY:

d* = —Vf(x*) + fr_,d*?
9. 3HaiiTH BeMMYMHY ONTHMAIbLHOTO KPOKY t* 3 yMOBM oHOBUMIpHOT MiHiMizarlii
(yHKUIT B310BX HAanpaAMKy d*:
o(tF) = f(x* + td* - min
k

10. OGUHCITUTH KOOPJMHATH HACTYIHOT TOUKH MOCIiIOBHOCTI:
xk*tl = xk 4 ¢, d*
11. TlepeBipuTH BUKOHAHHS KOMIUIEKCHHX KPUTEpIiiB 3aKiHUEHHS 3a KPOKOM

Ta PyHKIII€IO:.

® SKIO OOMBI YMOBH OJJHOYACHO BUKOHYIOTHCS Y JIBOX IMOCTIIOBHUX 1TEpaIisx
(3 Homepamu k Ta k1), To po3paxyHOK 3aKiHU€HO, HaifJIeHa ONTUMaJIbHA TOUKa

® SKIIO HE BUKOHYETHCS Xoua O OJIHAa 3 YMOB, TO OHOBUTH JIUMIBHUK K =k + 1 1
noBepHyTucs 10 Kpoky 3.

IlepeBaru MeToxy NOPIBHAIHO 3 IHINMMH METOAAMHM

Meton ®dnetuepa - PiBca nmocijae npomixkHe, ajie BKpail BUT1IHE CTAHOBUIIE MIXK
METOJIaMH1 MEPIIOro MOPAJIKY Ta APYTroro MOpsIKY, TOMY 1110 MO0 KJIKOUOBI MepeBaru
MOJIATAIOTH B:

o KBajmparnuHa CKIHYEHHICTh B CaM€ B LIbOMY IMOJISITa€ 3HAuHA IepeBara HaJ
rpajleHTHUM ciyckoM. [Toku 3BUYaliHui rpafleHTHUI CIyCK Ha SIPYKHUX (QYyHKLISIX
CXWJIbHUUA 10 3auukieHHs, meton ®neruepa - PiBca Oyaye B3aeMHO CHpSDKEHI
HAMPSMKH, & OTXKE 11€ TApaHTy€ TOCATHEHHS MIHIMYMY 3a N KPOKIB JIJIs1 KBQAPATHUHUX
(byHKITIH pO3MIPHOCTI n.

o Huspki BuMOrM 10 maM'aTi Hajae mepeBary Haj Metonom HproTtona Ta
KBa31HBIOTOHIBCBKMMHM MeTofgaMu, 00 Merton HrroToHa BuMarae oOYHCIIEHHS Ta
30epiraHHs MaTpuill JPYTUX MOXITHUX, 11 OOEpTaHHS HAa KOXKHOMY KpOIll pOOUTH
BUKOHAHHS METOAY TPYAOMICTKHM IPH BEIUKHX 3HaueHHAX n. KBa3iHBIOTOHIBCHKI
metonu (Hanpukinan BFGS) takox 36epiratoTs HaOmmkeHny marpuilto. Ha Biaminy Bija
iHmmx, Meron Pnerdyepa - PiBca BUKOPUCTOBYE TIJIbKM BEKTOPH TPAIIEHTIBI, LIO
poOUTH HOT0 HE3AMIHHUM JJIS 3a/1a4 BEJIUKOT PO3MIPHOCTI.
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o BiacyTtHicTh moTpebu B Apyrux MOXiAHUX € mepeBaroto. Metox morpelye
aHAJIITUYHOTO a00 YHMCEIBLHOTO PO3PAaXYHKYy IMEpHIUX MOXigHuX (Tpaji€HTa), UM
CITPOIIY€ aJTOPUTMIUHY peai3allito sl CKJIaJIHUX HUTbOBUX (PYHKITIH.

o Buxopucranns monudikariii [lomaka - Pi6'epa 103Bosiss€e ounIaTy HaKOMUYEH1
NOXUOKHM HEKBaJPAaTUIHOCTI MUIIXOM CKHJIAHHS HAMpPSIMKY IO TPaIi€HTHOTO CITyCKY
KOKHI1 N KPOKIB, 110 pOOUTH aJITOPUTM CTIMKUM JI0 HETIHIMHUX 30ypPEeHb.

IIporpamua peaJizanis

Meton ®nerdepa - PiBca Bigpi3HAETHCS HE TUIBKH MIBUAKICTIO ajie 1 3py4YHICTIO B
MPaKTUYHIN peanizalii Juis TaKuX Taimy3eil ik po3po0Ka MporpaMHOro 3a0e3MeYeHHs,
apXITEKTypH OOYMCITIOBAILHUX CUCTEM. AJITOPUTM JIETKO PEaTi30BY€ETHCS HAPUKIIAT
MOBOIO TiporpamyBaHHs Python 3aBnisku apxiTekTypi BUCOKOPIBHEBUX O10/110TEK IS
HayKOBUX 00uMcCieHb. J[o IpHuKiIaay B CTaHJAPTHOMY MAKETI SCipy.optimize nel MeTox
iHTerpoBanuii sk ontuMmizarop Conjugate Gradient [3] y ¢yHkuii minimize.
KopucryBauy moTpiOHO BBECTH BEKTOp IOYATKOBUX YMOB Ta IIJIOBY (YHKIIIIO.
OOuucieHHss TpadieHTIB MO BIJOyBaTHCS aBTOMAarTHMYHO 4epe3 MOyl
aJIrOpUTMIYHOTO AUQepeHIitoBanns, Taki sk Autograd, JAX a6o PyTorch.

B MeTosi 3acTOCOBYIOThCS JIiHIMHI onepallii HajJ] MaCUBaMU/BEKTOpaMH, TOMY BiH
JIETKO peani3yeTbes yepes3 610mi0Trexy NumPy, sika BUKOPUCTOBY€E BEKTOPH1 1THCTPYKIIIT
mporiecopa (SIMD) Tta ontumizoBani BLAS-6i6mioTexku. 3aBOsSKd — LBOMY
MaKCHUMAaJIbHO 3MEHIIYIOThCS OOYMCITIOBAIbHI BUTPATH Yacy, HAOIMKarouu IBUIKICTb
BUKOHaHHs A0 MoB C/CH++, Ta [103BOJiS€ BKJIIOYATH JaHUM METOJ A0 CKJIaay
ABTOMAaTU30BaHUX CHCTEM OOpOOKM BEIMKHUX O0’€MIB [aHUX, IHTEJIEKTyalbHOTO
aHaJI13y 1 KOMIT'FOTEPHOTO MOJICTFOBAHHS.

BucHoBok:

Meton chOpskeHUX TpagieHTIB Ta HOro peryisapHi Moaudikauii JTOIIIbHO
BUKOPHCTOBYBaTH B 3ajauax OE3yMOBHOI HENHIWHOI ONTHMI3allii BUCOKOi Ta
HAJIBUCOKOI PO3MIPHOCTI, 3a yMOBH, IO IUIbOBAa (QYHKIISA € HEIEePEPBHO
nudepeHIiioBaHo10, a 11 TpaJleHT 3a0BOJIbHSIE YMOBY Jlinmmuiia.

Jo mpuxnany 3amadi mMareMaTH4dHOI (PI3MKKM Ta TEXHIKM, 1€ ICHYIOTHb 3ajadi 3
onTUMI3aIlli  BEIMKOPO3MIPHUX  CITKOBUX  MOJCNICH, PpO3PaxXyHKy IIPYKHO-
neOpPMOBaHUX CTaHIB KOHCTPYKIIiH, 7€ YUCIIO HEBIJOMHUX BHUKIIOYAE MOXKIIUBICTDH
onepyBaHHs MaTpulsiMu ['ecce. Takoxk B MAaIIMHHOMY HaBYaHH1 Ta HEUPOMEPEK, TOMY
[0 B HAaBYaHHI apxXiTEKTyp, MapamMeTpaMH BHUCTYIAlOTh MUIBHOHU Bar, a METOJ]
CTBOPIOE MIBUIITY 301KHICTh, HIXK CTaHJIAPTHUN CTOXaCTUYHHUI T'paliEeHTHUN CITYyCK
(SGD), exoHOMJISYM BUTpaTH OINEpPaTUBHOI Mmam'sTi kKomm'torepa. | me oaHuM
MPaKTUYHUM BUKOPHUCTAHHSIM METOAY € B MIiHIMI3alli CepeAHbOKBAIPATUYHUX
BIIXWJICHb y CHJIBHOOMYKJIHUX a00 OJM3BKUX 10 KBaJpaTUUHUX (yHKIIIOHANIAX, /€
METOJI IEMOHCTPYE MBUJIKICTh 301’KHOCTI, ONMM3bKY A0 CyHepIiHIAHOI.

Henonik meromy — BTpara e(QEeKTHBHOCTI y 3aJadax 13 BHUCOKHM pPiBHEM
CTOXaCTUYHOIO IIyMYy B OOYHMCIIEHHI TIPaJI€HTIB, a TAKOX IS CYTTEBO SIPYKHHX
HEKBaIpaTUYHUX (YHKIIA 0€3 3aCTOCYBaHHS MPOIEAYP MEPIOJUIHOTO OHOBIICHHS
HaIpPsIMKY.
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BIIVIUB APXITEKTYPHHUX PIINIEHb MOBIJIbHUX
IHTEP®EHNCIB HA EOEKTUBHICTH B3AEMOJIII
KOPUCTYBAYA

Toamauos /1.,

Crynenr, 4-ro kypcy

dakynbTeT 1HGOPMAITHO-aHATITAYHNX TEXHOJIOTIH Ta MEHEHKMEHTY,
kadenpa iHpopMaTHKH,

XapKiBCbKUI HAllIOHAIIBHUN YHIBEPCUTET PaAi0CICKTPOHIKU

CyuacHuil eranm po3BUTKY 1H(QOpPMAIIHHUX TEXHOJOTIM XapaKTepU3y€eThCs
CTPIMKUM 3pPOCTaHHSM KIJTBKOCTI MOOUIBHHMX 3aCTOCYHKIB, $IKI BUKOPUCTOBYIOTHCS
MPakKTUYHO B yCIX cdepax IisuibHOCTI JoAUHU. CMapTPOHH CTaIM OCHOBHUM
IHCTPYMEHTOM JIOCTYIly 10 IIM(POBUX CEPBICIB, TOMY NHUTaHHA 3a0e3MeueHHs
e(eKTUBHOT B3a€MO/11i KOPUCTYBa4a 3 MOOLTLHUMH 1HTEp(eiicamu HabyBae 0cOOJIMBOT
aKTyaJabHOCTi. B yMOBax BUCOKOI KOHKYPEHIIIT MI>K POTPAMHUMU MPOAYKTaMHU caMe
AKICTh 1HTep(deiiCy YacTo BH3HAYAE YCIIIIHICTh 3aCTOCYHKY, PIBE€Hb 3aJ0BOJICHOCTI
KOPHUCTYBayiB Ta €(PEKTUBHICTh BUKOHAHHS HUMH IMOCTaBJICHUX 3aBJIaHb [2].

OaHuM 13 KJIIOYOBUX YMHHHKIB, IO BIUIMBAIOTh HAa KOPHUCTYBALIBKUN JOCBIJ, €
apxitektypa iHTepdeiicy. BoHa BH3Hayae CTPYKTypy €KpaHiB, JIOTIKY HaBiramii,
pO3TalllyBaHHS €JIEMEHTIB, CIOCOOM MOJaHHs 1H(opMalli Ta 3arajbHl NPUHIUITN
B3a€MO/IIi KOPUCTyBaua 13 CUCTEMOI0. Bi SIKOCTI apXITEKTypHHUX pILIEHb 3aJ€XHUTh
IIBUJKICTh BUKOHAHHS oOMNepauiid, KUIbKICTh JONYIIEHMX TOMWIOK, pPIBEHb
KOTHITUBHOTO HaBaHTAXCHHS Ta 3arajibHa ¢()eKTUBHICTh BUKOPUCTAHHS TIPOTPAMHOTO
mpoaykry [1].

[IpoGnema pocnikeHHs €()EKTUBHOCTI I1HTEP(PEHCHUX pIIIEHb € OJHIEI 3
neHTpaibHuX y rany3i UX-nu3aiiHy Ta mpOEKTYBaHHS MPOTPaMHOTO 3a0e3MedYeHHS.
HesBaxatoun Ha 3Ha4Hy KIJTBKICTh PEKOMEHJAINA 1 CTaHIAPTIB, MUTaHHS BUOOPY
ONTUMAJIBHOI ~ apXITEKTypH 1HTEephENCy BalMIIAEThCA AaKTyalbHUM, OCKLUIBKH
€(EeKTUBHICTh OKPEMHUX pIIIEHb MOXE 3MIHIOBATUCS 3aJIEKHO BIJl KOHTEKCTY
BUKOPHUCTaHHS, IIThOBOI ayIUTOPIT Ta crerudiku 3acTocyHKy. Came TOMy BaKJIMBOTO
3HAUYCHHS Ha0yBalOTh E€KCIEPUMEHTANIbHI JOCIIHKEHHS, 10 O3BOJSIOTh OTPUMATH
00’€KTHUBHI JlaHl MPO BIUIMB OKPEMHX IHTEPPEHCHUX KOMIIOHEHTIB HA MOBEIIHKY
KOpHCTyBaya.

BianosinHo 10 MixHapoaHoro ctanaapty ISO 9241-11, 3pyuHicTb BUKOPUCTAHHS
CUCTEMHU BHU3HAYAETHCS PpE3YJbTATUBHICTIO, €(EKTUBHICTIO Ta 3aJ0BOJIECHICTIO
KOPUCTyBa4a ITiJI YaC BUKOHAHHS KOHKPETHMX 3aBAaHb Yy IIEBHOMY KOHTEKCTI
BUKOpUCTaHHA [9]. 3a3HaueHi XapaKTEPUCTUKH OE3MOCepeHhO IOB’s3aHl 3
apXiTeKTyporo iHTepdelcy, OCKITIbKA came BOHAa (hOPMY€E CepeOBHINE B3aEMOJIIT MiXK
JIIOIMHOIO Ta ITU(PPOBOIO CUCTEMOIO.

OnHuM 13 HAaWBAXKIIMBIIIUX €JIEMEHTIB apXiTeKTypH iHTepdeicy € iHdopmarliiiina
apxiTekTypa. Bona Bu3Hawae cmoci0 oprasizaiii KOHTEHTY, CTPYKTypyBaHHS
iH(dopmarrii Ta JIoriKy ii momanHg KopuctyBaudy. JloOpe crpoekToBaHa iH(MOpMaIiiiina
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apxiTEeKTypa T03BOJISIE MIBUIKO 3HAXOAUTH HEOOXiTH1 PyHKIIT Ta JaHi, MIHIMI3YIOUU
KUIBKICTh 3aiiBuX nid. 3a cioBamu Jlx. ['apperra, iHpopMariiiHa apXiTeKTypa €
(hyHIaMEHTOM KOPUCTYBAIIbKOTO JOCBITY, OCKIJILKH camMe BOHA 3a0e31euye JIOT1YHICTh
1 mepeadadyBaHiCcTh B3aeMoii [1].

He MeHm BaXJIMBUM KOMIIOHEHTOM € HaBIralliiHa CTPYKTypa 3acCTOCYHKY.
Hagiramis Bu3Hauae crioci0 TepeMIlllCHHS KOpPUCTyBaya MDK €KpaHaMu Ta
(YHKIIOHATFHUMUA MOMYJISIMA CHUCTEMU. Y MOOUIBHHUX 3aCTOCYHKax Haidacriiie
BUKOPHCTOBYIOTBbCS TabOBa HaBirallisi, CTEKOBa HaBirailis, Hairamisi depe3 OiduHe
MEHIO Ta KoMOiHOBaHi pimeHHsA. KoxeH 13 nux miAXoAiB Mae BIacHI NEpeBard Ta
O0OMEKEHHS.

TaboBa HaBiraris 3a0e3euye MBUAKUN JOCTYII 10 OCHOBHUX PO3/iJIiB 3aCTOCYHKY
Ta 100pe CIpUMMaEThCs KOPHUCTYBauyaMM 3aBASKH CBOiM mpocToTi. BogHouyac BoHa €
e(EeKTUBHOIO NHINE JUISI CHUCTEM 13 BIJHOCHO HEBEIMKOI KUIBKICTIO OCHOBHHX
¢ynkuii. CrekoBa HaBiramis J03BOJISIE OPraHi3yBaTH MOCHIJIOBHUNA TEPEXi] MiX
€KpaHaM{ Ta IIUPOKO BUKOPUCTOBYETHCS JJIsi peajizailii CIeHapiiB 13 KIUJIbKOMa
pPIBHSAMH BKJaJeHOCTI. biuHe MeHI0 3abe3reuye JOCTyN A0 BEJIMKOI KUIBKOCTI
GyHKIIIH, TpoTe MOXE 301IBIIYBATH Yac MOIIyKy HeoOxigHoro po3aity [11].

Hocmimxenuss Nielsen Norman Group mnokasyiooTh, 10 KOPHUCTYBadi 3HAYHO
IIBUJIIIIC BUKOHYIOTh 3aBAaHHSA B 1HTepdeiicax 13 mepeadadyBaHOIO CTPYKTYPOIO
HaBirari, HbK y CHUCTeMax 31 CKJIaJHOK a00 HECTaHJapTHOIO OpraHizaIli€lo eKpaHiB
[2]. Lle cBiquuTh Npo HEOOXIAHICTh BpaXyBaHHS YCTAJICHUX MATEPHIB MPOEKTYBaHHS
1111 YaC CTBOPEHHSI MOOUIBHUX 3aCTOCYHKIB.

BaxnuBHUM acrieKTOM apXIiTEeKTypu iHTEpENCy € TaKoX Bi3yanbHa iepapxis. Bona
BHU3HAYAE TIOPSIOK CHPUHHSITTS €JIEMEHTIB Ha €KpaHi Ta JI03BOJISE CIPSIMOBYBATH
yBary KOpUCTyBada Ha HaWOUIbII BaXKJIMBI KOMIIOHEHTH 1HTepdeiicy. Jlns
(dbopmyBaHHS €(DEKTUBHOI Bi3yallbHOI 1€papXii BUKOPUCTOBYIOTHCS PO3MIP €JIEMEHTIB,
KOHTPACTHICTh, KOJIp, pO3TAlllyBaHHA Ta BIICTyIH MiX 00’ ekTamu [8].

[IpaBunsHO copMoBaHa Bi3yalibHA 1€papXisi JO3BOJIIE 3MEHIIUTU KOTHITUBHE
HABAHTAXKCHHS Ta CKOPOTHTH Yac TONMIyKYy HeoOXinHoi iH¢opMamii. Hasmakw,
nepeBaHTaXeHUM 1HTepdeic abo BIICYTHICTh YITKUX aKIEHTIB MOXYTh MPU3BOJIUTU
710 1€30pi€HTallll KOPUCTYBaya Ta 30UTBIIEHHS KUTHBKOCTI TOMUJIOK i 9ac poOOTH 13
cucrtemoro [13].

OxpeMy poJib y CTPYKTYpPl CydyaCHUX MOOUTHHUX THTEP(EICIB BIIITPAIOTh MATEPHU
B3aemoyii. [1ig matepHamMu po3ymitOTh TUIIOBI PIlIEHHS], IKI BUKOPUCTOBYIOTHCS AJIS
peanizanii MOMIMPEHUX CIEHapiiB KOPHUCTYBALbKOI B3aeMoAli. Jlo Takux marepHiB
HajJe)KaTh KHOMKM [Iii, CIHWCKH, KapTKA KOHTEHTY, (OpPMH BBEICHHS JaHUX,
MOB1AOMJICHHS Ta 1HIII eJIeMeHTH [8].

BukopucraHHs  3HaWOMUX  KOPHCTyBauaM TMaTepHIB 3HAYHO  IIiABHUIIYE
e(EeKTUBHICTh B3a€MOJIl, OCKIJIbKM 3MEHINYE TOTpedy B J0JaTKOBOMY HaBYaHHI.
Jlrtomuaa MOX€ BUKOPHCTOBYBATH B)XE€ HASBHUU JOCBIJ poOOTH 3 TOMIOHUMU
CHUCTEMaMH, 110 MO3WTHUBHO BIJIMBA€ HAa NMIBUAKICTb BUKOHAHHS 3aBJaHb Ta PIBEHb
32JI0BOJICHOCTI BUKOPHCTAaHHSIM 3aCTOCYHKY [14].

CyTTeBuil BIUITMB HAa €(QEKTUBHICTh B3a€EMOJIi Ma€ TaKOX MPUHIUI
KoHcHUCTeHTHOCTI. KoHcucTenTHUi iHTepdeiic mependadae BUKOPUCTAHHS OTHAKOBUX
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€JIEMEHTIB, CTHJIIB 1 JIOTIKH MOBEIIHKM B PI3HUX yacTHHax cuctemH. Lle 3abe3neuye
nepen0ayyBaHICTh B3a€EMOJIII Ta JI03BOJISIE KOPUCTYBady IIBUIIIE OPIEHTYBATHUCS B
CepeOBHII 3aCTOCYHKY [4].

OaHuM 13 HaWBAKIIMBIIIUX KPUTEPIiB OLIIHIOBAHHS apXITEKTYPHHUX PIIICHb € Yac
BUKOHAHHS KOPUCTYBAIIbKUX 3aBAaHb. SKIIO CTpyKTypa iHTepdeicy € 3p03yMIJIo0 Ta
JIOT1YHOI0, KOPHCTYBad BUTpadya€e MEHIIE 4Yacy Ha MOIIYK HEOOXITHUX (YHKINH 1
MIBUJIIIIE JOCSTA€E MTOCTABJICHOI METH. Y 0araThoX AOCTIHKEHHSIX CaMe YaC BUKOHAHHS
3aBJAaHHS BHKOPHCTOBYETHCS SK OCHOBHHMM KUIBKICHHH IOKa3HUK €()EKTUBHOCTI
inTepdeiicy [6].

JlpyruM BaXKJIUBUM TIOKa3HUKOM € KUIBKICTh MOMMJIOK. [IOMUIKH MOXYTh
BUHHMKATH 4Yepe3 HE3pO3yMuTy HaBiraiiro, HEJIOCTaTHIO Bi3yalbHYy i€papXiro ado
CKJIQJHY CTPYKTYPY B3aeMOli. AHaII3 MOMHUJIOK JO3BOJISE€ BHABIISITH CIAa0KI MICIS
iHTep(deiicy Ta BUBHaAUYaTH HAIPSIMUA MOTO BAOCKOHAJIEHHS [7].

CyyacHl [JOCHIIDKEHHS TaKOX CBIOIYaThb MPO BaXIMBICTh aJalTUBHOCTI
iHTepdeiicy. MoOUTbHI 3aCTOCYHKH BUKOPHCTOBYIOTHCS Ha MPUCTPOSIX 13 PI3HUMU
XapaKTEepUCTUKAMHU, TOMY apxIiTeKTypa iHTepdeiicy ToBHMHHA 3a0e3nedyBaTu
KOPEKTHE B1JOOpaKeHHS KOHTEHTY Ta 3pY4YHICTh B3a€MOJI1i HE3aJIEKHO BiJl pO3MIPY
€KpaHa 4M opieHTaIlii npuctporo [15].

Oco0nuBoro 3HaueHHs1 HaOyBae mpoOsemMa OIIHIOBAHHS BIUIMBY apXiTEKTypHHUX
pillIeHb y pealbHUX YMOBax BUKOpPHUCTaHHS. TeopeTHuHi peKoMEeHJallli He 3aBxkKIu
JO3BOJISIIOTh MEpe0ayuT peakililo KOPUCTyBaylB Ha KOHKPETHI 1HTepQencHI
pimeHHs. Came ToMy AeAani OUTBIIOTO MOIIMPEHHS HAOYBalOTh €KCIIEPUMEHTAIbHI
niaxoau a0 gociaipkeHHs UX, ki mependavyaroTh CTBOPEHHS JACKUIBKOX BapiaHTIB
1HTEepQeicy Ta MOPIBHSAHHS PE3yIbTaTiB B3a€EMO/I1i KOPUCTYBAYIB 13 HUMH [5].

OaHuM 13 IEPCHEKTUBHUX HANIPSIMIB € BUKOPUCTAHHS CHEl1ali30BaHUX MOOIbHUX
3aCTOCYHKIB juisi mnpoBelneHHs UX-pochikeHb. Taki CHUCTEMH J03BOJISIOTH
aBTOMATHYHO (DIKCyBaTH 4Yac BUKOHAHHS 3aBjaHb, KIJIbKICTh HATUCKaHb, MIEPEXO/IIB
MDK €KpaHaMu Ta 1HII TIOKa3HWKW eQekTuBHOCTI. OTpuMaHi JaHl MOXYTh
BUKOPUCTOBYBATUCA JUIsl OO’ €KTMBHOTO aHali3y BIUIMBY PI3HUX apXITEKTYpPHUX
pillieHb Ha TIOBEIIHKY KOPUCTyBayva.

Y Mexax cydacHUX MIJIXOJIB JO PO3POOKHM MOOLTBHUX 3aCTOCYHKIB 3HAYHOTO
momupeHHs HaOyB ¢perimBopk React Native, skuii 3abe3meuye MOMKIHBICTD
CTBOPEHHSI KPOCIIaT(HOPMHHUX MPOTPAMHUX MPOAYKTIB 13 BHUKOPUCTAHHSIM €JIUHO1
kojoBoi 0a3u [10]. 3aBmsiku KOMIIOHEHTHIN apxiTekTypi React Native mo3Bossie
IIBUJIKO peaji3oByBaTH pi3H1 BapiaHTH 1HTEeP(ENCIB Ta MPOBOAUTH €KCIIEPUMEHTAIIbHI
nociixeHHs: UX-piiens 0e3 CyTTEBUX BUTPAT yacy Ha po3poOKy.

TakuM 4YHMHOM, apXiTEKTypHI pIlIEHHS MOOUIbHUX I1HTEep(ENCIB € OIHUM 13
KJIFOUOBUX (DaKTOpIB, 110 BHU3HAYAIOTh €(DEKTUBHICTh B3a€EMOJIi KOpUCTyBaya 13
uuppoBumu cuctemamu. I[HdopmaliiiHa apxiTekTypa, HaBirauiiHa CTPYKTypa,
Bi3yaJIbHA 1€papXis, TaTEPHHU B3aEMO/IIT Ta MPUHIIMIT KOHCUCTEHTHOCTI 6€3M0cepeIHRO
BIUIMBAIOTh Ha IIBUAKICTh BUKOHAHHS 3aBAaHb, KUIBKICTh IIOMHJIOK Ta PIBEHb
3aJI0BOJICHOCTI KopucTyBadyiB. [IpoBefeHHS EKCIepUMEHTANbHUX JOCTIHKeHb 13
BUKOPUCTAHHSAM CIICIIQII30BaHUX MOOUTHPHUX 3aCTOCYHKIB JIO3BOJIIE OTPUMATH
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00’€KTHBHI JaHI NP0 E(PEKTHUBHICTh PI3HUX apXITEKTYPHUX MIAXOMIB Ta CIPHUSE
BJIOCKOHAJICHHIO Cy4aCHUX METOJIB IIPOEKTYBAaHHS 1HTEP(DEHCIB.
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IHTEPAKTUBHI TEXHOJIOI'II IK 3ACIB PO3BUTKY
MI3HABAJIBHOI AKTUBHOCTI MOJIOAILINX
IIKOJISAPIB B YMOBAX JUCTAHIIMHOI'O
HABYAHHA

AOpamoBa Mapis IBaniBHA
CTYJIEeHTKa 4-TO KypCy MeIaroriqyHoro GpakyiabTeTy
[3MainbChKUi AepKaBHUM T'yMaHITapHUHN YHIBEPCUTET

CydacHuil eTam pPO3BUTKY CYCIIJILCTBA, IO XapaKTePU3YETHCS IHTCHCUBHUM
BIIPOBA/DKEHHAM  1H(POPMALIIIHO-KOMYHIKAI[IHHUX  TEXHOJOTlM Ta  BIUIMBOM
r100anbHUX BHKJIWKIB, 30kpema nanaemii COVID-19 1 Boennux moxiii B YkpaiHi,
CYyTTEBO TpaHC(HOPMYBaB MIJIXOAH JI0 OpraHizallii OCBITHROTO IPOIIECY B MTOYATKOBIi
mkomi. JlucraHiliiiHe HaBuYaHHA, SIKE€ JIOHEJAABHA PO3IIIANATIOCS TEPEBAXKHO SK
albTepHAaTHBHA a00 noAaTKoBa opma 3100yTTsI OCBITH, CTAJIO0 OCHOBHUM (hOpMATOM
HaBYaHHSA JUIsl 3HAYHOI KUTBKOCTI YKPATHCHKUX HIKOJISIPIB. 32 TAKUX YMOB OCOOJIUBOI
3HAUyNIOCTI HaOyBae mpoOjemMa MIATPUMKH Ta PO3BUTKY IM13HABaJIbHOI aKTUBHOCTI
MOJIOIIHMX MIKOJISIPIB, aJKE IS YYHIB TOYATKOBOI IITKOJIHM Oe3mocepeaHs B3aEMOJIIS 3
YUUTEJIEM 1 pPOBECHUKAMU € BAXIIUBOIO TIEPETyMOBOIO €()EKTUBHOTO 3aCBOEHHS 3HAHB,
(hopMyBaHHS HaBYAJIbHOI MOTHMBALIIT Ta YCHIIIHOI cotiamizarii [1].

[li3HaBajbHA AKTUBHICTB SIK IHTETPAJIbHA XapaKTEPUCTHKA HABYAIbHOI A1ISUIBHOCTI
YYHSI OXOIUIIOE MOTO MParHeHHs 10 Mi3HAHHS HOBOIO, 3/aTHICTH IO CAMOCTIMHOIO
MUCJICHHS, 1HII[IaTUBHICTh Ta CTIMKMI 1HTEpeC 0 HaBYAJILHOTO MaTtepiaiy. B ymoBax
TPAJAUIIITHOTO HABYAHHS BUMTENIh MA€ MUPOKUIN apCceHall 3aC001B /ISl CTUMYJTIOBaHHS
111€1 aKTUBHOCTI — BiJ] JKHBOT'O EMOIIIMHOTO KOHTAKTY JI0 O€3MMocepeIHbO1 IEMOHCTpAITii
JTOCHIMIB Ta MpakTHIHUX BhpaB. OmHak y GopMari AUCTAHIIHHOTO HaBYaHHS
OUTBIIICTD IUX IHCTPYMEHTIB CTAIOTh HEIOCTYITHUMH a00 CyTTEBO OOMEKEHUMHU, IO
MIOPOJIKYE CEPHO3HY Neaaroriuny npoodiaemy [2].

Pazom 13 ThM 1M@poBHil OCBITHIM MPOCTIp NPOMOHYE MPHUHIIMIIOBO HOBI
MOXJIMBOCTI I aKTHBI3aIlii IM3HABAIBHOI JISJIBHOCTI IIKOJISIPIB — 1HTEPAKTHBHI
aTdopmu, reiiMipiKkoBaH1 HaBYaIbHI CEPEIOBUIIA, MyIbTUMEALITHI pecypcH, 3aco0u
KoJabopallii Ta 3BOPOTHOTO 3B 43Ky B peXuUMI peanbHOro uacy. IIpote epextuBHe
MelaroriyHe  BUKOPUCTaHHSA I[MX 3aco0IB  MOTpPeOy€ CHCTEMHOIO HAyKOBO-
METOJAMYHOTO OCMHUCJIEHHS, OCKUIBKM MEXaHIYHe TEePEHECeHHS TpaauLiiHUX
HaBYAJbHUX METOJIB y AMCTAHLINHUI (opmaTr He 3a0e3nedye HEOOXITHOTO PiBHSA
3aJTy4€HOCTI Ta M13HABAIBHOI aKTUBHOCTI MOJIOJIIMX IIKOJISAPIB [3].

TakuM 4YMHOM, HasiBHA CyNEPEYHICTb MK HEOOXITHICTIO MIATPUMKH BHUCOKOTO
pPIBHS  IM3HABAJbHOI  AKTUBHOCTI  MOJOAIIMX INKOJSAPIB 1  HEIOCTaTHHOIO
PO3POOICHICTIO METOAMYHOTO IHCTPYMEHTAPIIO 11 pO3BUTKY 3ac00aMM IHTEPAKTHBHUX
TEXHOJIOT1H y IUCTaHIIHHOMY HaBYaHH1 BU3HAYA€ aKTYyaIbHICTh IaHOTO JOCIIIXKEHHS.

3a3HauuMo, 1110 MpodIeMa PO3BUTKY Mi3HABAILHOI aKTUBHOCTI IIKOJISIPIB TIOCI1a€
BKJIMBE MICIIE Y BITUM3HSIHIN Ta 3apyOiKHIM neaaroriydiil Hayil. TeopeTuuni 3acaau
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TOCIIKEHHST 1[bOTO (PEHOMEHY 3HAWILIM BIZOOpaKEHHS Yy TparsgX YKpPaiHChKUX
yuenux B. Cyxommuncrskoro, O. CaBuenko, I. bexa, a Takox 3apyO1KHUX AOCTIAHUKIB
JIx. Jptoi, XK. ITiaxe, JI. Konbepra ta JIx. bpyHepa. ¥ iXHiX HayKOBHX pO3BIJIKax
Mi3HaBaJbHa aKTUBHICTh PO3TIISAAETHCS SIK IHTETpaibHa XapaKTePUCTHKA OCOOUCTOCTI,
110 BUSIBJISIETHCS y TIPArHeHH1 710 3100y TTS 3HaHb, CAMOCTIHHOMY MOIIYKY iH(OopMaIiii,
TBOPYOMY MUCJIEHHI Ta 3AaTHOCTI IO PO3B’A3aHHs MPOOJIEMHUX 3aBaHb.

VY KOHTEKCTI MOYaTKOBOI OCBITH NMHUTAHHS PO3BHUTKY MMi3HABAJIBLHOI aKTUBHOCTI
MOJIOAIIUX HIKOJISAPIB IPpyHTOBHO nociipkyBamu O. CaBuenko, M. Bamynenko, H.
bibik Ta iHmn ykpaiHChKi HaykoBmi. 3o0kpema, O. CaBue€HKO HAroJomye, 0
Mi3HaBaJbHA AKTUBHICTh YYHIB TIOYATKOBHX KJAacCiB € HE JUIIe pPe3yIbTaToM
e(peKTUBHOTO HaBYaHHSI, a W HEOOXIAHOI YMOBOIO TapMOHIMHOIO pPO3BUTKY
ocoOucTocTi Ta (POPMyBaHHS 3IATHOCTI JO CAaMOCTIHHOIO 300y TTs 3HaHb [4]. YueHa
BHOKPEMJIIOE PENPOIYKTUBHUMN, YaCTKOBO-TIOIITYKOBUM 1 TBOPUYUH PIBHI Mi3HABAIBHOT
AKTUBHOCTI, KOJKEH 3 SIKHX XapaKTEPHU3y€EThCS TICBHUM CTYIIEHEM CaMOCTIHHOCTI YUHS
B HaBYaJIbHIN JISJILHOCTI Ta NMOTpeOy€e CTBOPEHHS BIAMOBITHUX IE€IaroTiYHUX YMOB
JUTSI TIEPEXOJTy Ha BUIIHUM PIBEHb PO3BUTKY.

[lutaHHa BOPOBAKEHHA I1HTEPAKTUBHUX TEXHOJIOTIM B OCBITHIM Tmpolec
JOCIIDKYBaJIM Takl HaykoBIil, sik O. €npaukoB, O. Komap, T. KpaBuenko, M. Kpaiins,
JI. ITupoxkenko Ta O. [lomeryH. [HTepakTMBHE HaBYaHHS HE JHIIE 3a0e3Ieuye
3aCBOEHHSI HABYAJIBHOTO Marepiaidy, a ¥ crpusie (pOpMyBaHHIO KOMYHIKAaTHUBHUX,
TBOPYMX 1 KPUTUYHUX YMIiHb, Kl € KJIIOYOBUMHU B YMOBax Cy4acCHOIO CYCIIbCTBA.
TepMiH «1HTepaKTUBHUI (B1J aHTJI. interaction) NEPEKIAAAETHCS SIK «B3a€EMOIsH 200
«J11aJIory, 110 MIKPECIIOE HOTO CYTHICTb.

[lemaroru po3risialOTh I1HTEPAKTUBHE HAaBYaHHS SK TMEJAroriyHuM MiAXiJ,
COPSIMOBAaHUM HAa aKTHBHE 3alyyeHHs 3700yBayiB OCBITH JI0 OCBITHHOTO MPOILECY
yepe3 BUKOPUCTaHHS pI3HOMAaHITHUX METO/1B, TEXHOJIOT1H 1 3aco01B B3aeMoxii. Cepen
HaWIMOMIMPEHIIIUX  TEXHOJOTM  1HTEPaKTUBHOTO  HABYAHHA  BUOKPEMIIIOIOTH
KOOTIEpPAaTUBHI Ta KOJEKTHUBHO-TPYNoBi ¢opmu podotu (3okpema «HezakiHueHi
pedueHHs», «PoboTta B mManmux rpymax», «AxypHa mwikay, «Case-MeTom» TOIIO),
TEXHOJIOT1i CUTyaTUBHOTO MOieNIIoBaHHs («Po3irpyBanHs cutyariiii 3a poJisiMm» Ta 1H.),
a TaKOX METOJM OMpAIfOBaHHSA AUCKYyCIMHUX nuTaHb («Mertox IIpec», «Mo3koBuii
mTypm», «Kapycens» ta in.) [5].

VY cydacHUX yMOBax, 3 OTJISiIy Ha PO3BUTOK HHM(PPOBHX TEXHOJOTIH, MOHATTA
«IHTEPaKTUBHICTb» HAOYyBa€ pPO3IIMPEHOTO0 3HAYEHHS 1 TPAKTYETHCSA AK CHHXPOHHA
B3a€EMO/JIISI MIDK Yy4YaCHMKaMHU OCBITHBOTO TMPOIECY 3a JOMOMOIOIK TEXHIYHUX 1
MporpamMHuX 3aco01B Ta KaHaJB 3B’ 53Ky, 110 3a0e3Meuye JMHAMIYHY 3MiHY CIIJIBHOTO
iH(opmMmariiitHoro cepenoBuina [6].

TakuM 4YHHOM, TOJIOBHOIO 1JIC€I0 IHTEPAKTHBHOTO HaBYaHHS € CTBOPEHHS
MOTHBYBAJIBHOTO, AISUIBHICHOTO OCBITHBOTO CEPEIOBHINA, Y SIKOMY Y4YHI HE JIMIIE
OTMAHOBYIOTh 3HAHHS, @ W AKTUBHO B3a€EMOJMIIOTH 13 HABYAJBHUM MAaTepiajioM Ta
IHIITMMHU y9aCHUKAMHU OCBITHBOTO MPOIIECY Yepe3 MTUCKYCIi, irpH, MPOEKTH, MPAKTHYHI
BIIPABHU Ta 1HII (POPMH CIIBHOI JiSTTBHOCTI.

BigHocHO x mpoOiemMu JUCTaHIIIMHOTO HaBYaHHS B IMOYATKOBIM IIKOJII, TO BOHA
HaOyna OCOOJMBOI aKTyaJIbHOCTI y BITUM3HsHIN mnexarorimi micias 2020 poky.
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Hocmimkenns JI. [TeryxoBoi, O. Ilexotu, B. bukxoBa mpucesueHi opraHizauiiHO-
nearoriyHuM yMoBaM €(PeKTUBHOTO JTUCTAHIIMHOTO HABUYAHHS MOJIOJIIINX IIKOJSPIB
[7]. ABTOpH MiAKPECITIOIOTH, IO KJIOYOBOIO MPOOJIEMOIO TUCTAHIIIMHOIO HABYAHHS Y
MTOYATKOBIM IIKOJI € 30epeKeHHSI MOTHBAIIli Ta Mi3HABAIBHOTO 1HTEPECY YUHIB.

BoHouac aHami3 HayKOBUX Iy OJIiKaIlii CBITYUTE MPO HETOCTATHIO PO3POOIICHICTh
npo0JIeMH CUCTEMHOTO 3aCTOCYBAHHS IHTEPAKTUBHUX TEXHOJIOT1N came JJisi PO3BUTKY
Mi3HaBaJIbHOI AKTUBHOCT1 MOJIOJIIMX IIKOJISIPIB B YMOBaX JAMCTAHIIIITHOTO HaBYaHHS.
binbmiicte mocmimkeHs ab0 30cepeKeHl Ha OKpEMUX acTeKTax Imiei mpobiemu, abo
PO3TISAAIOTh 1i CTOCOBHO Y4YHIB CEpEAHBbOI Ta CTApUIOl IIKOJM, HE BPaxOBYHOUU
cnenudiky BIKOBOro po3BUTKY aiTei 6-10 pokis.

[li3HaBambHAa aKTHBHICTH MOJIOJIIIMX IIKOJSIPIB B yMOBaxX JUCTaHIIITHOTO
HaBYAHHS € BAXKJIMBOIO XapaKTEPUCTUKOIO IXHHOT HABYAIbHO-TT13HABAJILHOI A1SIbHOCTI,
SKa TPOSIBISETHCS B 3allIKABICHOCTI 3700yTTSIM HOBHUX 3HaHb, YCBIJIOMJICHOMY
BUKOHAHHI HaBYAJIbHUX 3aBJaHb, CaMOCTIMHOCTI Ta IHIMIATUBHOCTI Yy TIpoIliecl
HAaBUaHHSA, a TaKOXX y TO3UTUBHOMY CTaBJICHHI JI0 Mi3HABAJIBbHOI JISUTBHOCTI Ta
TOTOBHOCTI 40 aKTUBHOI B3a€MO/I1 3 OCBITHIM KOHTEHTOM.

Cneuudika aucraniiitHoro ¢opmary BH3Ha4a€ OCOOJIMBI YMOBHU ISl MPOSIBY Ta
PO3BUTKY MMI3HABAJIILHOT aKTHUBHOCTI MOJIOAMIUX IIKOJsIpiB. [lo-mepiie, BiCyTHICTh
0e31ocepeIHbOr0 KOHTAKTy 3 YUHUTEIEM Ta OJHOKIACHUKAMHU 3HIDKYE EMOIIHY
HACHUYCHICTh HABYAJIBHOIO TPOLIECY, SIKa € BAXKIWBUM CTUMYJIOM I13HaBajIbHOI
TUSIIBHOCT1 ISl JITed MOJIOJIIOTO MIKIIbHOTO BIKY. Ilo-apyre, HaB4aHHS Baoma
CYNPOBOKYETHCS YHCICHHUMH BiJIBOJIIKAIOUUMH YHHHUKaMH. [lo-Tpere, 3HAYHO
3pocCTa€ poJib caMoopraHizaiii y4ssi, 0 sIKOT MOJIOJIIII IIKOJISIP1 YacTO I11€ HE TOTOBI.

Pa3om 13 TUM AuMCTaHIIfHE HaBYaHHS BIJKPUBAE HOBI MOXJIMBOCTI: JOCTYH /0
PI3HOMaHITHUX MYJbTUMEIIMHUX PECYPCIB, MOKIIMBICTh HABUYAHHS Y BJACHOMY TEMITI,
BUKOPUCTAaHHA IrpOBUX (OPMATIB, SIKI BAXKO peasli3yBaTH Yy TPaAMUIIHHOMY KIaci.
[legaroriyHO TpaMOTHE BHUKOPHUCTAHHS IIMX MOXJIHMBOCTEH MOXKE HE JUIIe
KOMIICHCYBAaTH HEIOJIKHA JAUCTAHINIHOTO (opmaTty, a il CyTTEBO MIABUIIUTH PiBEHb
Mi3HaBaJIbHOI AKTUBHOCTI YUHIB.

VY3aranpHEeHHS TEAAroriyHOro JOCBIy Ta HAYKOBO-METOJUYHHUX PO3POOOK
JI03BOJISIE  CUCTEMATHU3yBaTH 1HTEPAKTHBHI TEXHOJOTIi, IO 3aCTOCOBYIOTHCS A
PO3BUTKY Mi3HABAIBHOT aKTUBHOCT1 MOJIOAIINX IIKOJISPIB y AUCTAHIIIHHOMY HaBYaHHI,
3a KUTbKOMa KpuTepismu. Hanpuknaa. 3a JuAaKTAYHOI (DYHKIED MOXKHA
BUOKPEMUTHU HACTYIHI IHTEPAKTUBHI TEXHOJIOT11 1JIs TOYAaTKOBOI IIKOJIH:

TexunoJiorii akryauizaunii Ta moruBauii (Mentimeter, Poll Everywhere, Padlet) —
CIIYTYIOTh IS aKTUBI3allli MONEPEIHbOr0 JOCBIAY YUHIB, CTBOPEHHS MO3UTHUBHOIO
EMOIIIHOTO HaJaITyBaHHs, (OPMYJIOBaHHS HaBYAJIbHUX 3alMTaHb. [HTEpaKTUBHI
OMUTYBaHHS Ta XMapH CIiB JO3BOJISIOTh BUUTEIIO OTIEPATUBHO 3PO3YMITH CTAPTOBHIA
piBeHb 3HaHb KJIacy Ta BUKJIMKATH IHTEPEC 10 HOBOT TEMH.

TexnoJiorii npe3enranii Ta nosicHeHHst HoBoro martepiany (Nearpod, Pear Deck,
Genially) — 3a0e3neuyioTh 1HTEpAKTHBHY B3a€MOJIII0 i Yac BHMBYEHHS HOBOIO
Marepiany. Ha BimMiHy BiJ CTaTUYHMX MpE3EHTAIlld, Il TIaTGopMU JT03BOJSIIOTH
BOYIOBYBaTH 3allUTaHHS, MUHHU-3aBJIaHHS, TOJIOCYBaHHsI 0€3M10CEPETHBO Y X111 YPOKY,
HIATPUMYIOUH MTOCTINHHY aKTUBHICTb YUHIB.
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TexnoJsiorii 3akpimenuss ta mnpaktuku (Kahoot!, Quizlet, Wordwall) —
peanizyroTh NpUHIMN TeiMidikamii HaByaHHA. IrpoBi BikTOpUHM, (JenI-KapTKHA Ta
IHTEPaKTUBHI BIPAaBU TEPETBOPIOIOTh IMOBTOPEHHS HABYAJIBLHOIO MaTepialy Ha
3aXOIUTIOIOYY TPy, CYTTEBO MIABUIIYIOYM MOTHBAII0 Ta 3aIyYEHICTh MOJIOJIINX
IITKOJISPIB.

TexunoJiorii kos1adopauii Ta cnisibHOI TBOpYOCTi (Jamboard, Miro, Google Slides
3 (DYHKIIIEIO CIIUJIBHOTO pefaryBaHHs) — 3a0€31euy0Th MOXKIMBICTh CIIUJIBHOI POOOTH
YVUHIB Y PEXHUMI peajbHOro Yacy, IO € BaKJIMBHUM KOMIIEHCATOPOM BiJCYTHOCTI
0e31mocepeTHbO1 TPYTOBOT B3a€EMOII.

Texunousorii 3BopoTHOro 3B’s13ky Ta ouniHwBaHuHA (ClassDojo, Seesaw, Google
Forms) — m03BOJIAIOTH BUMTENIO OTpUMYBATH 1HGOpPMAIliI0 PO AOCATHEHHS Y4HIB,
HaJaBaTH CBOEYACHHI 3BOPOTHIN 3B’ 130K T4 KOPUTYBATH HaBYAJIbHUMN IIPOLEC.

Ha ocHOBI aHaii3y TEOPEeTHYHUX JKEepes Ta MeJaroriaHol MPaKTHKH BU3HAYEHO
Takl KJIOYOBl MENaroriyHl yMOBH €(QEKTUBHOTO 3aCTOCYBAHHS 1HTEPAKTHBHUX
TEXHOJIOT1M JJIi PO3BUTKY MI3HABAIBHOI AKTHUBHOCTI MOJIOAMIUX UIKOJISIPIB Y
JTUCTaHIIITHOMY HaBYaHHI:

1. BiamoBigHicTh TexHO/OTiii BiKOBMM 0c00JMBOCTSIM Y4HiB. Moo
IIKOJISIp1 epe0yBaroTh Ha CTafll KOHKpeTHO-omnepalliinoro mucienus (3a XK. [Miaxe),
iM BracTuBe 00pa3He CIPUNHATTA, KOPOTKOYACHA JIOBUIbHA yBara, BUCOKA Yy TIUBICTh
70 eMOIIMHUX CTUMYJIB. TOMYy IHTEpaKTHBHI TE€XHOJOT1i MaliOTh OyTH SICKpAaBHMH,
HAOYHHMMH, 3 TPOCTUM 1 3pO3yMUIHM 1HTEepdericoM. ONnTUMalibHa TPUBATICTh OJHOTO
IHTEPaKTUBHOIO 3aBJAaHHS JJIsl YUHIB 1-2 KJaciB HE Mae NMEPEBUIILYBATH S5-7 XBUJIMH,
1S yuHiB 3-4 knaciB — 10-12 xBUIKH.

2. OpraniyHa iHTerpaumisi TEeXHOJIOTIH Yy CTPYKTYpPYy YPOKY. I[HTepakTuBHI
TEXHOJIOT1l He MOXYTh OyTH CaMOIIJUTIO — BOHHM MalOTh CIYTyBaTH KOHKPETHUM
AUIaKTHYHUM  3aBAaHHAM KOXXHOTO eTamy ypoky. HaamipHe 3axoruieHHs
TEXHOJIOTTYHUMHU IHCTPYMEHTAMHU, K TEXHOJIOTTYHE IEPEHACUYCHHS» YPOKY, € TUTIOBOIO
MEJaroriyHoO0 TOMMIKOI0, SKa NPU3BOAUTH 10 3HUKEHHS, a HE IIIBUIICHHS
Mi3HaBaJbHOI AKTUBHOCTI YUHIB U€pe3 KOTHITUBHE MepeBaHTaxeHHs [3].

3. 3a0e3dme4eHHs] HEraiHOro0 TMO3UTHUBHOIO 3BOPOTHOrO 3B’sA3KYy. Jlid
MOJIOJIIIMX IIKOJIAPIB HEraiHa peakilis Ha iXHl Jii € HaJ3BUYalHO BaXXJIMBUM
MOTHUBYIOYUM UYUHHHUKOM. [HTEpakTHBHI TUIaTQopMH, IO 3a0€3MEUyIOTh MHTTEBY
Bi3yaumi3allilo pe3yJsibTaTiB (HapaxoByBaHHs OajiB, aHIMOBaHI peakiiii, MoxBaia),
e(EeKTUBHO MiATPUMYIOTH M13HABAJIbHY AKTUBHICTH YUHIB.

4. 3a0e3meyeHHs1 JOCTYIHOCTI Ta TEXHIYHOI MPOCTOTH. TEeXHIYHI TPYIHOILI €
OJIHUM 13 TOJIOBHUX JIEMOTHBYIOUMX YAHHUKIB Y JUCTAHIIHHOMY HaBUaHH1 MOJIOAIINX
KOJsApiB. Buutenr Mae oOupatu mnatgopmMu 3  TpPOCTUM  iHTEpdeiicoMm,
MIHIMaJbHUMH TE€XHIYHMUMH BUMOTAaMH 1, 32 HEOOXIJTHOCTI, MPOBOJIUTU CIeEIiaJIbHI
HaBYaJIbHI Cecli /11 03HaMOMJICHHS YUHIB 13 HOBUM 1HCTPYMEHTOM [7].

5. 3anydyeHHs 0aThbKiB sIK MapTHePiB HABYAJIBLHOTO Npouecy. Ha BinMiHy Bix
CEPEeHbOI Ta CTAPIIOI KON, MOJIOIII IIKOJISIPl HE MOXKYTh IMOBHICTIO CAMOCTIHHO
OpraHi3yBaTH CBO€ HaBYaHHS Yy AMCTaHUidHOMY ¢opmati. batbku abo omikyHu
BUKOHYIOTh POJIb «TE€XHIYHUX ACHUCTEHTIB» Ta EMOLIIMHUX HACTAaBHUKIB, TOMY BUUTEIb
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Ma€ CHCTEMAaTWYHO 1H(OPMYBATH iX MPO METOAWKY BHUKOPUCTAHHS IHTEPAKTHBHUX
TEXHOJIOT1H Ta 3aJly4aTH 10 CHUIbHUX HaBYaJbHUX aKTUBHOCTEH.

HeoOxigHo migkpecauTH, o e(eKTHBHA OpraHizaiis JUCTAHIIMHOTO YPOKY B
MOYATKOBIM IIKOJI 3 BUKOPUCTAHHSM IHTEPAKTUBHHUX TEXHOJOTIHA IPYHTYETbCS Ha
NPUHIUII «HABYAJBLHOTO PUTMY», SKHM Tmepeadavae 4yepryBaHHs pPI3HHX BHUIIB
JUSJIBHOCT1 BIJIMOBIAHO J0 BIKOBHUX OCOOJIMBOCTEH Ta JWHAMIKA yBard MOJIOIIIMX
MIKOJISIPIB. 3ampoIlOHOBaHA CTPYKTypa Ma€ PEKOMEHJALIMHUM XapakTep 1 MOxKe
aJanTyBaTHCS BUYMTEIIEM 3aJIC)KHO BiJ] HABYAIBHOTO MIPEAMETA Ta 3MICTY TEMH.

Opeanizayitino-momusayiunuii eman (5-7 XB.) CUpSIMOBaHWN Ha aKTyasi3aIliio
HABUYAJBHOTO JOCBiMYy Ta (OpMyBaHHs IMMi3HABAILHOTO 1HTEpecy. JlominpHUM €
BUKOPHUCTAHHA IHTEPAaKTUBHUX IHCTPYMEHTIB, 30kpeMa Mentimeter, ClassDojo a6o
KOPOTKHUX BIJ€O(QParMeHTiB 13 NPOOJIEMHUMH 3alUTaHHAMU. METOI0 LIbOro €Tamy €
HaJAIlITYyBAaHHS YYHIB HAa HABYAJIbHY JISJIbHICTD 1 aKTUBI3AL[1sl ONEPEIHIX 3HAHb.

Eman 3aceoenns nosoco mamepiany (10-15 xB.) peanizyeTbcs 3a JI0MOMOIOIO
iHTepakTuBHUX Tmpe3eHTtanii (Nearpod, Pear Deck), y mexax sKuX TNOSICHEHHS
MOETHYETHCSA 3 KOPOTKUMHU 3aBIaHHSMHU 4Yepe3 KOXKHI KUJIbKa XBWJIMH aKTUBHOTO
cupuiimanHsi. Taka oprasizaiis HaBYaJIbHOI B3a€EMOJIIi CHPHUSE MIITPUMAHHIO
KOHIICHTpAIlli yBark Ta KpamoMy 3aCBOEHHIO 3MICTY HaBUaJbLHOTO MaTepialy.

Eman 3axpinnenns 3uanv i npakmuunoz2o sacmocyeéanus (8-12 XB.) JHOULIBHO
OynyBaTu 13 BUKOPUCTAaHHAM reiMidikoBanux rmuardopm, takux sik Kahoot! abo
Wordwall. IrpoBi enemMeHTH CHpUAIOTH IMIJBUIICHHIO MOTHBAIlli, 3a0€3MeUyI0Th
ONEpPAaTUBHUI 3BOPOTHUM 3B 30K 1 NEPETBOPIOIOTH IMOBTOPEHHS HaBYAJIBHOIO
Marepiaiay Ha aKTUBHY MI3HABAJIbHY JISIbHICTE. [Ipu bOMy aklleHT pOOUTHCS HE Ha
3MarajbHOMY pe3yJibTaTi, a Ha MPOLeCi 3aCBOEHHS 3HAHb.

Teopuo-peghnexcusnuii eman (5-7 xXB.) nependayac BUKOHAHHS KOJIa0OpaTUBHUX
3aBAaHb (HaNpUKiIaa, ciibHa podoTa B Jamboard abo CTBOpEHHSI MIHINIPOEKTIB), a
TaKoX peQIIeKcito 3a METOAUKOI «3—2—1» (Tpu HOBI 3HAHHSI, JIBA 3alIUTAHHS, OJTHE
BpaX€HHs 200 BIAKPUTTS). Takuit miaxia crpuse po3BUTKY METAKOTHITUBHUX YMIHb 1
(hopMyBaHHIO YCBIJIOMJICHOT'O CTaBJICHHS YUHIB JI0 BJACHOI HABYAJIBHOI TISUTHHOCTI.

Jns 00 €KTHBHOTO OIIHIOBAHHS PIBHS IMI3HABAJIbHOI AKTHUBHOCTI MOJIOIIIINX
IIKOJISIPIB B yMOBaX JUCTAHIIMHOTO HABUAHHS MPOTIOHYETHCS CUCTEMa KpUTEPIiB Ta
MOKa3HUKIB, aJIalITOBAHUX JI0 CHENU(pIKU ITUGPOBOT0 HABYAIILHOTO CEPEIOBUIIIA;

- Momuseayitino-yinHicHuti Kpumepiti BiToOpa)Ka€TbCsl y: PErYJIIPHOCTI Y4acTi y
HaBYAJIBHUX 3aX0jaX; 1HII[IaTUBHOMY TOJaHHI BIAMOBIIEH HA JOAATKOBI 3alUTaHHS
BUWTEIS; TPAarHeHHI BUKOHYBATH 3aBJAaHHS TMIABUINCHOI CKJIAJIHOCTI; MO3UTHBHHX
EMOIIMHUX PEeAKIISIX IMiJ Yac HaBUAJIbHOI JMISUTBHOCTI ((IKCYIOThCS 3a JOTIOMOTOIO
cuctemu «HacTpoiB» y ClassDojo abo moaioHux miarpopmax).

- Koenimusno-onepayitinuti kpumepiil BUSBISETbCS Y SKOCTI BUKOHAHHS 3aBJIaHb
PI3HMX PIBHIB CKJAQJHOCTI, 3JaTHOCTI 3aCTOCOBYBATH 3HAHHS y HOBHMX HaBYaJIbHUX
CUTYyallsIX, yMiHHI ()OpMYJIIOBATH BJIACHI 3aITUTAHHS Ta T1MIOTE3H.

- Komynikamueno-oisinbHichuii kpumepii TPOSBISETHCS Y aKTUBHOCTI y4acTl y
CUHXPOHHHUX 3aHATTSIX, TOTOBHOCTI JO CIIBHOI JiSTIBHOCTI 3 OJHOKIIACHHKAMH,
YMiHHI apryMEHTYBaTH BJIACHY MO3UIII0 y X0/l OHJIaH-AUCKYCIH [4].
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OTxe, OTpuMaHi pe3yJbTaTH AOCTIKEHHS AO3BOJSIOTH 3pOOUTH BHUCHOBOK, IO
PO3BUTOK Mi3HABAJIbHOI aKTUBHOCTI MOJIOJIIINX IIKOJISIPIB Y AUCTAHIIITHOMY HaBYaHH1
norpedye  KOMIUIEKCHOTO  MiAXOAY Ta  IIJIECOPSIMOBAHOTO  BHUKOPUCTAHHS
MOKJIMBOCTEH 1HTEPAKTUBHUX TEXHOJIOT1M. BCcTaHOBIIEHO, 110 iHTEpaKTUBHI ITU(POBI
iHctpymentu (Kahoot!, Nearpod, Mentimeter, ClassDojo, Jamboard tomo) €
e(eKTHBHUM 3aCO00M IT1JIBUIIICHHS M13HABAJILHOI aKTUBHOCTI 32 YMOBH iX METOAUYHO
OOTPYHTOBAHOTO 3aCTOCYBaHHSA 3 YypaxXyBaHHSM BIKOBUX OCOOJMBOCTEH YYHIB.
EdexTuBHiCT iX BUKOPUCTaHHS 3a0€3MEUyEThCS  JOTPUMAHHSAM  KITFOUOBHUX
MeJAaroriyHMX yMOB: BIKOBa JIOIUJIBHICTh, IHTErpaimiss B CTPYKTYpPY YPOKY,
OTepaTHUBHUI 3BOPOTHUH 3B’SI30K, TEXHIYHA JTOCTYIHICTh 1 MApPTHEPCHKA B3AEMOIIS 3
OaThKaMHU.

[lepcriekTHBY MOJANBIINX JOCIIKEHb MOB’s13aH1 3 PO3POOKOI0 Ta ampoOarliero
METOJANK BUKOPHUCTAHHS 1HTEPAKTUBHHMX TEXHOJIOTIM y AMCTAHLIMHOMY HaBYaHHI,
MOPIBHSJIBHUM aHAII30M €(PEKTUBHOCTI LHU(PPOBHUX IUIAT(HOPM 1 BUBUECHHSIM BIUIMBY
JUCTaHIIHOT OCBITH HA IMHAMIKY I13HABAIIBHOT aKTHBHOCTI MOJIOJIIINX IITKOJISPIB.
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®OPMYBAHHSA TPA®IYHUX KOMIETEHTHOCTEN
31OBYBAYIB OCBITH TEXHIYHOI'O HAIIPSIMY
3ACOBAMHU IHOOPMAIINHUX TEXHOJIOT'TH

Apremenko JImurpo IOpiiioBu4

K.T.H., JIOLUEHT

[{enTpanpbHOYKpaTHCHKUI HAITIOHAIBHUIA TEXHIYHUN YHIBEPCUTET
M. KponmBHunbkui, Ykpaina

MasypuoBa Kamisia AnapiiBHa

3100yBay

[{enTpanbHOYKpaTHCHKUI HAI[IOHAIbHUM TEXHIYHUN YHIBEPCUTET
M. KponuBHunbkui, Ykpaina

Ha choromnimHii AeHb, B 3akjiajaX TEXHIYHOI OCBITH MIIHO 3aKpIMUIOCS
pPO3yMiHHS, 10 rpadiyHa KOMIETEHTHICTh - L€ HE MPOCTO BMIHHS KpPECIUTH, L€
0a30BUIl CKJIAQAHUK 1HXKEHEPHOrO MHCIEHHA, O0e3 sKkoro (haxiBelb HE 3/1aTEH
MOBHOLIIHHO MPAIFOBATH 3 KPECICHHSIMHU, CXEMaMH, TPUBUMIPHUMHU MOJIEIISIMU - TOOTO
3 yciMa TUMU 3HAKOBUMU CUCTEMAaMH, SIKUMHU OTIEPYy€ CyyacHa TeXHIYHA JOKYMEHTAIIisl.
I[To cyTi, MOBa iiJie PO 3AATHICTH IEPEXOAUTH BiJ] aOCTPAKTHOI MOJIENI 10 PEATbHOTO
00’€KTa 1 HaBMaKHU.

BruiuB Bucokoro piBHS 11 ¢hOpMOBAHOCTI HA TPOPECiitHY MIsITbHICTh BUITYCKHUKA
€ 0araToacCreKTHUM 1 TIOJISTAE B:

- 3JIaTHOCTI JEKOAYyBaTH YMOBHI JIBOBUMIPHI 300paK€HHS B TPUBUMIPHI
MEHTaJIbH1 MOJiei. [HXXeHep, sSIKUil He BOJIOJIE I1€I0 HABUYKOIO, HE 3/1aT€H aJ€KBAaTHO
CHpUMaTH KOHCTPYKTOPCHKY JTOKYMEHTAIII0, YATATH KPECICHHS K HOCIi TEXHIYHOI
1H(popMmaii;

- TepexoAl BiJ TEXHIYHOTO 3aAyMy [0 KMOro marepiaiizailii yepe3 CTBOPEHHS
rpadiunoi moxaem. Ixemxyna O. B [1], Haronomrye, mo rpadiyHa miArOTOBKA €
TEXHOJIOTTYHUM MICTKOM M)XK HAYKOBOIO 1/I€€10 Ta MPOMUCIOBUM BUPOOOM;

- BOJIOJIIHHI IHT€PHAI[IOHAIIBHOIO MOBOIO TEXHIKH, 1110 OCOOJIMBO AKTYyalli3y€ThCS B
yMOBax mioOamizaili 1HKEHEPHUX MPOEKTIB Ta BUKOPHUCTAHHS €IUHUX CTaHAApTIB
u(pPOBOro NPOTOTUITYBAHHS.

AKTYaJTbHICTh PO3BUTKY IMMPOCTOPOBOI ySIBU CaMe Ha MOYATKOBUX €Tarax HaBuYaHHS
3yMOBJIEHA CEHCUTUBHUM TE€P10JOM KOTHITUBHOTO PO3BUTKY 37100yBaua. [Ipocroposa
ysiBa - 1€ TIPOLIeC CTBOPEHHS 00pa3iB B CBIIOMOCTI JIFOJIMHU MUISIXOM MaHIITYTFOBaHHS
CTPYKTYPHUMH  XapakTepucTHkamu o0’ekta (opma, po3mipw, HPOCTOPOBI
BiIHOIIICHH: ). Ha ChOTOHIIIHIN JeHb CIIOCTEPITaeThCs IykKe CUIIbHA TudepeHIiiaris
PIBHSI TPOCTOPOBOI YSIBU Y IEPIIOKYPCHUKIB, SIKA 3aJIEXKUTH B1J] TOYATKOBOT rpadiyHOl
MIATOTOBKM a00 11 BIJACYTHOCTI - 1€ CTBOPIOE KOTHITUBHMI Oap’€p NMpH BHUBYEHHI
byHAaMEHTANIBHUX TPpa@IUHUX JUCIUILTIH [2].
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[apopmariitni  Texnonorii (IT) BHKOHYIOTH pONB KaTadi3aTopa pPO3BUTKY
IpoCTOpOBOi  ysiBU. Ha BIAMIHY BiJI CTaTHUYHUX JUJAKTHYHUX 3aco0iB, 3D-
MOJICTFOBaHHSI ~ JIO3BOJISIE  pealizyBaTH MeEXaHI3M 1HTEpPaKTHBHOI  Bi3yasizailii.
[ToenHanHs BepOAIIBHOTO OMKUCY FTEOMETPUYHOTO Tijla 3 HOro JUHAMIYHOIO Bi3yaJIbHOIO
MOJICJUTIO, III0 CTBOPIOE IMOJBIMHUN CIIiJI B IMaM’SITi Ta 3HAYHO IIIJIBUIIYE SIKICTh
3acBoeHHS [3]. Bukopuctanus CAD-cucTemM Hajgae MOXIUBICTh TOJTYMKH ITPOBOAUTH
omeparlii 3 00’€KTOM, aHaJli3yBaTH MOro Iepepi3u Ta IMPOEKIii B peaJlbHOMY Haci,
dbopMy10UH Tak 3BaHUI Bi3yaJIbHO-KIHECTETUYHUH NOCBif [4].

B 3aknanmax BUINOI OCBITH, HAPUCHA T€OMETPisl BUCTYMAE€ TEOPETUUHUM SIPOM
rpagiynoi miarorosku. Ii o0cCHOBHUMIA METO - METOI IIPOEKIIIFOBAHHS € MATEMATHYHOIO
MOJICIITIO B1IOOpaKEHHS MTPOCTOPY Ha TIONTUHY.

Came mig yac pPO3B’SI3yBaHHsS 3aJa4 HAPUCHOI T€OMETPli MO-CHPaBXKHHOMY
TPEHYETHCS omepalliiHa CTOpOHa TPOCTOPOBOIO MUCIEHHS. [AeThes mpo Ti1 pO3yMOBI
aii, 0e3 SKUX IHXKEHEpP HEMOXE OOIMTHCS - JIETKO 3MIHIOBATH CHUCTEMY BIJUIIKY,
MEePEKOAOBYBATH OJIMH THUI 300paKE€HHS B IHIIMK (HampuKiaa, 3 00’€MHOro ecKi3y B
MJIOCKE KPECIEHHS ), OJIHOMOMEHTHO 0auuTu popmy 3 pi3HUX OOKIB. Ajie TpaaulliiiHe
BUKJIQJIaHHSI, 110 OYJyEThCS HABKOJIO €mopa MOHXKa, 4acTo Mpaltoe MpoTU IET kK
MetH. BoHO HanTo abCTpakTHE 1 CKiIaaHe — 37100yBad OayuTh Iepes coO0O0I0 JIUIIe
JBOBUMIPHUH CII1JT TPUBUMIPHOT CyTi. ¥ 111¥1 HEBIIMOBITHOCTI MI3K THM, 1110 300pakKeHO
Ha manepi, 1 TUM, 10 MOTPIOHO YSIBUTH, 1 KPUETHCA TOJOBHA MPUYMHA HEPO3YMIHHS.
Bunukae cBOepiTHUN pO3pUB MK 3HAKOM 1 peallbHUM 00’€MHHM 00pa3oM, SIKUN
METOJIMCTU HEPIJIKO HA3UBAIOTh CEMIOTUYHUM Oap’€poM.

Bukopucrannst IT pgns BukiagaHHsa 1i€l JUCHMIUIIHM MOXE CIPOIILYBaTH
PO3YMIHHS 1 TIOJIETIITye OAUEHHS IIJTICHOCTI KapTUHU Ta 0a3y€eThCs HA TAKUX 3acaaax:

- 3aCTOCYBaHHS CUCTEM T'€OMETPUYHOro MojentoBanHs (mapamerpuunux CAD Tta
IUHAMIYHUX TreoMeTpuyHux cepegosuil (GeoGebra), m03BoJiss€  BI3yalli3yBaTH
YTBOPEHHSI TTIOBEPXOHB, JEMOHCTPYBATH PyX CIYHMX IIOMIMH 1 alTOPUTM TOOYIOBH
miHli mepeTuHy Oe3mocepeHh0 Ha TMPOCTOPOBIA MOJEN, CHUHXPOHI3yIOUW ii 3
KpPECIICHHSIM;

- aBTOMAaTH3aIlid OJHOMAHITHHUX omepariii (moOyaoBa mapalieIbHUX JIiHIHN,
BH3HaueHHS Bujaumocti) 3acobamu CAIIP nos3Bonsie mepenectn ¢oKyc yBarud 3
TEXHIKH KPECJICHHS Ha TEOMETPUYHUN aHaI3 3a/1ayui;

- CKJIaJH1 TeMHu, Taki K «[loBepxHi mapanenbHOro nepeHecenHs» ado «I BUHTOBI
MOBEPXHI», CTAlOTh JOCTYIMHUMH JUIsl PO3YMIHHS 3aBISKH aHiMallli yTBOPEHHS
Kapkacy. Sk miakpecntoe y cBoiil npami Humaxk 1. [5], 11103151 06’ €MHOCTI Ha MOHITOPI,
MIJIKpITUIEHa MOXKJIMBICTIO OOEpTaHHS MOJIeNl, CYTTEBO I1HTEHCU(IKYE TPOIIEC
(dhopMyBaHHS TCOMECTPUYHHX ySIBJICHb.

[Ipo6iema miIBUILICHHS PIBHS IPOCTOPOBOTO MUCJICHHS B CTUCIII TEPMiHU BUMAarae
Mepexoay BiJl EKCTEHCHUBHOTO (30UIbIIEHHS TOAWH) J0 I1HTEHCHUBHOTO MUIAXY
HAaBYaHHs, 3aCHOBAHOr0 Ha BUKOpucTaHHI [T sK I1HCTpyMEHTY HAaOYHOCTI Ta
3po3ymMiniocTti. KoHnentyaasHUM HapsIMKOM € BITPOBAHKEHHS TEXHOJIOT1T Bi3yalIbHO-
OpIEHTOBAHOTO HaBYaHHS, IO 0a3yeThbcsl Ha TMPUHIMUIN HAOYHOCTI [6], aie
peaizoBaHOTO Ha HOBOMY TEXHOJIOTIYHOMY PIBHI - PIBHI «BIPTyaJIbHOI peabHOCTI
KPECTIECHHS.
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Hnsixu peanizaiii:

- MIKpOMOJYJIbHE HaBYaHHSA 3 JICKOMITO3WIli€r0 1 3D-aHiMallie€ro - po30UTTS
CKJIQJHUX TE€M Ha eJEMEHTapHI KpOKH, KOXKEeH 3 sKuX Bizyanidyerbcss B CAD-
cepenoBuilll. Hampuknan, MoXXHa aHIMyBaTH, $K OJIHA TOBEPXHS IOCTYIOBO
BpI3a€ThCA B 1HIINY, a HA TBIPHUX THUM YacoM 3’SIBIISIOTHCS TOYKM MalOyTHBOI JIHIT
nepetuHy. Tak aGcTpakilisi IepeTBOPIOETHCS Ha 3pO3YMUTY MOCTIOBHICTD;

- TEXHOJIOTIS JOMOBHEHOi pealbHOCTI (AR) - BUKOpPUCTaHHS CHElIaIbHUX
AOJAaTKIB Juia TpoekTyBaHHS 3D-mopneneit Ha kpecineHHs. 3100yBau OadyuTh, 5K
00’eMHa JIeTallb HAKJIAAA€ThCS HA ABOBUMIPHE KPECIICHHS, 1 IIE I0NIOMArae mojoJaTH,
HerepeOOpHy CKIIATHICTh HAPUCHOI TeOMEeTPIi - HEOOXIIHICTh OJTHOYACHO TPUMATH B
rOJIOBI TOPU3OHTANBHY, (POHTANBHY Ta MpodipHy npoekiii. 3 AR 1eit po3pizHeHuit
HaO1p MPOEKII CKIaIaeThCsa y CBIIOMOCTI B LITICHUIA 00pa3;

- CUCTEMHUU MIAXIT M0 3a1a4 - 3aCTOCYBAHHS PEMPOIYKTUBHOTO METOMIY HE SIK
MEXaHIYHOTO TOBTOPEHHSA, a SIK BIATBOPEHHSA IEBHOI CUCTEMHU PO3YMOBHUX [Iiid,
1HBapIaHTHOT /IS LILJIOTO KJIacy 3aaa4 (HampuKiaa, BCiX BUJIIB MIEPETUHY).

OaHuM 13 HaMCKIAAHIMMX JUIs PO3YMIHHS BHUJIIB 3a7ad B Kypci TpadiuHoi
MIJITOTOBKK 3/100yBaviB TEXHIYHMX CHEIIAJIbHOCTeH € TepeTHH OaraTorpaHHuX
MOBEPXOHb TOMY PO3IJITHEMO BUKOPHUCTAHHS PENPOIYKTUBHOIO METOJy HABUYAHHS
P PO3B’sI3aHHI 3a/1a4 TaKOro TUITY. 3a/laya Ha IEPETUH MHOTOTPaHHUKIB (T00ya0Ba
JiHIT MepeTUHy) € KJIACHUYHOIO 1 METOJMYHO IIHHOI, OCKUIbKK 1HTETpy€e B cOO1 JBi
0a30Bi MO3UIIIMHI 33/1a4l - IEPETUH OPSIMOT 3 MUIOLUIMHOIO Ta BU3HAYEHHS BUIAMMOCTI.
BukopucTaHHs penpoayKTHBHOrO Metoay B noenHanHi 3 [T go3Boise copmyBaru
CTIMKHI aNTOPUTMIYHUIN HABUK.

Mertoauka peanizartii:

1. JlemoHcTpalis €TaJOHHOIO alropuTMy - BHUKJIagad gemoHctpye B CAIIP
(mampukian, Autodesk Inventor, SolidWorks a6o AutoCAD) He e KiHIIEBY JIHIO
MEepeTUHY, a 1 TOKPOKOBE 3HAXO/DKCHHS OIOPHUX Ta TPOMDKHHUX TO4YOK. Ha
IIPOCTOPOBIM MOJIEI BHIUISIIOTHCS JOMOMIKHI CIYHI IUIOIIUHHM, ITOKA3Y€EThCS, SIKUM
YUHOM BOHH PO3THHAIOTHh OOMIBAa MHOTOTPAHHHMKH - 11¢ (POPMy€ OpIEHTOBHY OCHOBY
aii (OOJ) [7].

2. PeripoiyKTUBHE BIATBOPEHHS Y BIPTYaJIbHOMY CEPEIOBHIIII - 37100yBad OTPUMYE
TUNOBHIT Habip BapiaHTiB 3aBmaHb. Moro 3amaua - BigrBopuTH amroput™ y CAD-
CUCTEMI, HE BUKPECIIOIOUHU JIiHIT Bpy4HYy, a OyAyIOUMd MPUMITHBU Ta 3aCTOCOBYIOUU
JIOT14H1 omepaiii (Hanmpukiana, komanaa «llepetun» abo omeparis «Po3piz»). Ha
[bOMY €Tarll TEXHOJIOT1Sl BUCTYIA€ 32C000M HAaOYHOCTI TEOPETUYHUX BIJOMOCTEN PO
aNTOPHTM.

3. Iicas Toro, Ak 3a momoMoroto 3D-mofeni mpocTopoBa KapTHHA BXKE CKIIanacs,
3100yBad MEPEXOAUTh 10 BUKOHAHHS KJIIACHYHOTO KPECJICHHS Ha marmepi 4u B 2D-
penaxropi. Llei eTan KpUTHYHO BaXKJIMBHIM - came TyT chOpMOBaHMI Bi3yaJdbHUM 00pa3
MEPEBOUTHCS Y (pOpMabHy 3HAKOBY CUCTEMY. PenpoIyKTHBHHI METOJ Ha I[OMY
eTari Tpaioe Yepe3 MOBTOPSHHS aJITOPUTMY TONIYKY OMOPHUX TOYOK JJIS PI3HHUX
THUIIIB MHOTOTPAaHHUKIB 1 TOCTYNOBO HAaBUYKa aBTOMATU3YETHCSL.

Takum ywmHOM, 1H(OpPMAIlIHI TEXHOJOTII JO3BOJISIIOTH CKIAAHY aHATITHYHY
3a/1auy CIOYaTKy MepeTBOPUTH Ha HAOYHE CIIOCTEPEIKECHHS, a IOTIM Ha BIITBOPIOBAHY
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aito. Came 1€ 1 Jae 3MOTY 3HAUHO IIBHILIE MOO0JIATH «0ap’ep HEPO3yMIHHSI» Ta
HneperTH 0 YCBIAOMIICHHS O1IBII CKJIQTHUX 3a]1ad.

Axmo mincymyBatu, 3acoou CAIIP miarBep/ukyroTh CBOIO €(hEKTHBHICTH SIK
IHCTPYMEHT MPUCKOPEHOT0 (POPMYBAaHHS MPOCTOPOBOT YSIBU Y BUTJISAI KOMILIEKCHOT
B3a€MO/IIi PENPOAYKTUBHUX METO/IB Ta BI3yaJbHOTO MOJIEIIOBaHHS. A TOJIOBHE,
3MIHIOETHCA JIOT1Ka MUCIIEHHS - 3D-Moieb ocTae He MPOCTO KIHLIEBUM PE3yJIbTaTOM
IPOEKTYBaHHS, a JDKEpeJoM HaBdalibHOI 1HoOpMarllii, Big sAKkoi 3700yBad
BIJIIIITOBXY€ETHCS, PyXalOUUCh JI0 TUIOCKOTO KPECICHHS.

[lepcriekTHBHM pO3BUTKY HAMpsMy BOAYAIOTHCS B TAKUX ACTIEKTAX:

- reiimiikartist HapuaiabHOTO Mporecy B CAIIP - po3poOka ckpunTiB Ta MiariHia,
AK1 B IrpoBiil popMi TPEHYIOTh HABHUKH PO3Mi3HABAHHSA MPOEKIIiN Ta MEPETUHIB;

- BukopuctanHga anroputmiB CAIIP i aBTOoMaTtWyHOi TeHepamlii pi3HHUX
BapIaHTIB 3aBJaHb Ha TIEPETUH, IO JO3BOJSE TMEPCOHANI3YBATU TPAEKTOPIIO
PENPOAYKTUBHOTO HABYAHHS T4 YHEMOXKITUBIIIOE CIIUCYBAHHS;

- TIOBHE 3aHYPEHHS y BIPTyajJbHE CEpPEAOBHUIIE, /e 3100yBad MOXE YCBIIOMUTH
NEPETHH ABOX T€OMETPUYHMX TUI 32 JOTIOMOTOI0 BUKOpUCTAaHHS VR-TeXHONOT1i.

Bucnosknu:

1. I'papiuHa KOMIIETEHTHICTh € TOJJOBHUM KOMIIOHEHTOM 1H>KEHEPHOTO 1HTEJIEKTY,
piBeHb C(hOPMOBAHOCTI SIKOTO HAa MOYATKOBUX Kypcax MpsIMO BIUIMBA€E HA YCHIIIHICTh
3acBO€HHS (axoBUX IUCHUIUIIH. JlediUT MpOoCTOpPOBOi YSIBH y MEPIIOKYPCHHUKIB
noTpeOye IHTEHCUBHOT'O MEAAroriYHOrO BTPY4YaHHs 13 3aimydeHHsM [T.

2. HapucHa reoMeTpis € He3aMIHHOIO TEOPETUUHOIO 0a3010, aJie 1i BUKJIaJaHHS Ma€e
OyTH MEepeopiEHTOBAHE 3 KPECISPCHKOI TEXHIKM Ha MPOCTOPOBE MOJECIIOBAHHS €
1H(hOpMaIifiHI TEXHOJIOT1T BUCTYNIaI0Th HAOYHUM MOCIOHMKOM, 10 A03BOJISE MO0JIATH
a0CTPaKTHICTh KPECJEHHSI Ha TUIOIUHI.

3. IlpakTuyHa 3HAYYNIICTH PENPOAYKTHBHOIO METOJY MPU BUBYCHHI KIFOUOBHX
TeM, Takux sk «llepeTmH MHOrorpaHHuKiB», 3 BiaTBOopeHHsM omnepauiii B CAIIP 3
MOJ1aJIbIIUM IIEPEHECEHHIM Ha IUIOIIUHY KPECISHHS JO03BOJIsI€ B HAWKOPOTIII TEPMIHU
MIIBUIIUTH €()EeKTUBHICTH (HOPMYBaHHS MPOCTOPOBOI ySIBU.

4. Ilomanpmuii pO3BUTOK TEXHOJOTINA (hOpMyBaHHS TpaiuHUX KOMIETEHTHOCTEN
HEpO3pHUBHO MOB’s13aHui 3 TexHosorisiMu (VR/AR) ta cucremamu HaBuaHHs Ha 0asi
CAIIP, sixki MOXYTb 3a0€3MEYUTH CTaJUil PO3BUTOK MPOCTOPOBOTO MUCJICHHS Ta
rpadi4HOi KOMIIETEHTHOCTI 3/100yBaya OCBITH TEXHIYHOTO HAIPSMY.
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XX FACBIPJAFBI 9MEJI MOHYMEHTTEPI TAPUXH
KA PEITIPESEHTAIIUACBIHBIH ®EHOMEHI
PETIHAE: TEOPUSAJIBIK-9/IICHAMAJIBIK

ACHEKTIJIEPI
Kaabi0exoBa 7K. K.
8D02202 - Tapux MamMaHIBIFBIHBIH |-KypC JOKTOPAHTHI
Aoaii ateragarer KazYITy

AHaaTna

Makanaga XX Facblp/la OpHATBUIFAH oiie]l MOHYMEHTTEpPl TapuXH KaATbl
penpe3eHTalMsIAyIbIH ~ €PeKIe  MOACHU-UACOJIOTUSIBIK  (EHOMEHI  PETIHJE
3eprrenei. JKyYMBICTBIH TEOPHSUTBIK-9ICHAMAIIBIK HET131 peTiHae M. Xanb0BaKCThIH
VKBIMJIBIK skaJ1 TYKbIpbIMaaMachl, [1. Hopanbig «xan opsiHaaps» (lieux de mémoire)
TEOpUSCHl, COHBIMEH KaTap 3amaHayu oTaHAblK 3eprreynepieri (K. Meneyona)
KaJaJablK JaHAmadT CeMHOTHKAChl MEH JIEKOJIOHUANAbI TOCLIAep OacHIbLIBIKKA
aNbIHBL. Makanana MOHYMEHTaJIbl OHEP/IIH TEK ICTETUKAIIBIK HICAH eMec, OMITIK MeH
KOFaM apachbiHAaFbl PECMH TapuXH HapPATHBTEP/lI KOHCTPYKIMSIAYIIBI KYpa
eKeHJIrl Herizaeneni. OMWen OeMHECIHIET! ECKEePTKIITEPAIH  HICOTOTHUSIIBIK
KYPBUIBIMBI, YPOQHHUCTIK OpHAIacy TOMOrpadusaCchl MEH €CKE ally pUTyaJIIapbl apKbLIbI
TapuXHM €CTEJKTI CaKTay >KOHE Kas3lpri Ke3eHIe KalTa MarblHaJlaHAblpy (re-
signification) TeTIKTep1 9iiCHAMANIBIK TYPFbIJIAH TaJdaHFaH.

KisT ce3aep: Tapuxu xaji, pernpe3eHTalusl, siiesl MOHYMEHTTEpI, *aJ OPbIHIAPHI,
VKBIMJBIK JKajl, KoMMeMopanus, ypoanuctik i+l rpadus, HeKomoHHANBl TCi,
KalTa MarbIHAJIaHABIPY .

I. KIPICIIE

Takpipbin T, ©3eKTUTirl. XXI FacelpAblH OacblHAa TyMaHUTAPIBIK JKOHE
QNICYMETTIK FBUIBIMAAD TapaJuTMachlHIa alKbIH KOPIHIC TamKaH «MEMOPHAJIIBI
O0eTOyphic» (memorial turn) eTKeH MaKThl KOHIENTYa bl MalbIMAAyJbIH >KaHa
oJliCHaMaJIbIK OaFBITTAPBIH YCHIH/BI. bysl mapaaurmanbelkK aybICy TapuX FhUIBIMBIHBIH
Ha3apblH pPECMHU, BepUUKAIUSUIAHFAH OKWFajIap XPOHOJOTHUSCBIHAH Y KBIMIBIK
caHaJarbl CyObEKTUBTI TAPUXH >KaJ[ IEH OHBIH PENPE3CHTAlUSIIAHY MEXaHU3MJIEpIHE
Kapai Oypabl. OCbl TYPFBIIAH allFaHa, KalalblK KEHICTIK TapUXH KaIAThIH XKall FaHa
reorpadusIIbIK JIOKAUSICHl €MeC, OJ1 OWIIK, KOFaM KOHE TYPJl QJIEyMETTIK TONTap
apachIHIaFkl MarbIHAJIAP MEH HJICOJIOTHSUIBIK HappPaTHBTEP TOFBICATBHIH, YHEMI KalTa
KOHCTPYKITUSJIAHBIIT ~ OTBIPATHIH CEMAHTHKAJIBIK OpIC PpeTiHAe aWKbIHIaIa b,
VYpOaHHUCTIK  KEHICTIKTI ~ MOHYMEHTAJIJAHIbIPY  —  YKBIMIBIK  €CTEJIKTI
BU3yaJIM3alUsIay AbIH )KoHE Oenriii Oi1p cascu-MoJIeHU MaTPUIlaHbl KOFaMJIbIK caHaja
OCKITY/IIH €H MOPMEH/I1 Kypasbl 00JIbIN TaObLIadbI.

Ochl ayKpIMIIBI KOHTEKCTE XX FachlpAa TYPFBI3BUIFAH oWell MOHYMEHTTEpIH
3epTTEY/IIH 63€KTUIIr OlpHEIe MaHbI3/Ibl ACTIEKTIMEH allKbIHIaIa/bl:
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* bipiaminen, XX Facslp MOHYMEHTAJIIbl OHEP/IH MEMIICKETTIK HICOTOTHSIHBIH
(acipece ToTamUTAPIBIK KOHE KEHECTIK XKyieae) 0acThl penpoyKTOpbIiHA alfHAIFaH
ke3eHl. by ke3eHperi ofen MyciHepi jkail FaHa ACTETHKAJIBIK HBICAH €MeC, pecCMU
TapuXW HAPPATUBTI, TEHAEPIIK penaepAl xkoHe «OTaH-AHa» CHSKTHI MaHbBI3/IbI
UJICOJIOTUSIJIBIK apXETUIITEP/Il KOFaMJIbIK caHara CIHIPY/IH 0acThl KOMMEMOPATUBTIK
KYpaJibl KbI3METIH aTKap/Ibl.

* ExiHIIIeH, 3aMaHayy MOCTKEHECTIK U JIEKOJOHHUAIIBI 3epTTeyJiep asichiHaa XX
FAChIP MYpaChIH KaiiTa MarbIHAIAHBIPY (re-signification) Maceneci Typ. byrinri Tapaa
KaJlaNbIK KEHICTIKTET1 oieNl eCKePTKIIITEPiHIH CHUMBOJABIK KOJBIH aIlly, OJapIbIH
CeJIEKTHBTI (IpIKTENTeH) >KaJ IEeH pEecMHU Tapux cascaThl IIEeHOEepiHJe Kaman
KOHCTPYKUMSJIAaHFAHBIH TEOPHSUIBIK JEHTeH e Taaay Ka3ipri YITTHIK Oipereisik nexH
MOJIEHU JaHAWA(TTHI KyHesey YIIiH aca 63eKT1 OOJIbIN Ta0bUIAIbI.

3epTTeyAiH MaKcaThl MEH MIHAETTEPI. 3epTTEY11H 0acThl MaKcaThl XX FAChIPaFbl
oliel MOHYMEHTTEPIH TapuXU >KaJl PEnpe3eHTAUSChIHBIH ©31HIIK epeKuIeniri oap
MOICHU-UJICOJIOTUSIIBIK (PEHOMEH1 PETIH/E allKbIH/Iay JKOHE OJIapIbIH YKBIM/IBIK CaHa
MEH KaJlaJIblK KeHICTIKTET1 CHMBOJIIBIK, 9/{ICHAMAJIbIK KbI3METIH TEOPUSIIBIK TYPFbIIaH
Hereszey 0ok Tabbuiael. OChl KOPCETUINEH MaKcaTKa KOJ >KETKI3y YIIIH Keyeci
KYHell MIHIETTEP/I1 OPbIHJIAY KO3/Iee/Ii:

e ['ymanuTapabIK OUTIM asSChIHIAFbl «MEMOPHUAIIBI O0eTOYPHIC» KOHICTIIUSACHIH
OaclIBUIBIKKA aja OTBIPBIN, TAapUXU KaAThl 3€PTTEYAIH 3aMaHayd TEOPHUSIIbIK-
9/liCHAMAJIBIK MMapaJ T MaTapbIH KYHETEY;

* Mopuc Xanb0BaKCThIH Y>KBIMIBIK *aJ TYXbIpbiMaamackl MeH [Isep Hopanbig
«kan opseiHAape» (lieux de mémoire) TteopusiceiHbIH XX FachlpJarbl diien
MOHYMEHTTEPIH TaJAayJaFrbl 9ICHAMAJIBIK QJICYETIH ally;

XX racelpfarbl oWen €CKEepTKIIITEpIHIH HACOJIOTHSIBIK MaTpUUAchl MEH
CEMaHTHKAJIBIK KYPBUIBIMBIH 3€pTTeI, OMapAblH OoibiHAarbl «OTaH-AHa» apXeTwuIi
MEH HaKThl TApUXHU TYJIFaNIapJblH HAPPATUBTIK JIEHI€IIIEpIH capaiiay;

* YpOaHUCTIK KEHICTIKTIH CEMHUOTUKAJBIK OPICIHIET! oies MOHYMEHTTEPiHIH
OpHalacy ToHorpausCblH JKOHE  OJapJblH  aWHaNachblHAAa  KaJbIITacaTbIH
KOMMEMOPATUBTIK TXIpUOENepaiH KOFaMIbIK CaHara ocep €Ty MeXaHU3MIEPiH
alKbIHIAY;

* [TocTkeHeCTIK ’koHE 3aMaHayd KE3€HJIEeT1 MOJIeHU JaHAImadT KoHTeKkciHae XX
FACBIPJIbIH MOHYMEHTAJ/Ibl MYPachlH JEKOJOHUAJAbI MapaJurMa TYPFbICBIHAH KalTa
MaFbIHATAHIBIPYIBIH MaHBI3bIH HETI371eYy.

3eprreyaiH HbicaHbl peTiHAe XX Facelparbl MOHYMEHTAJJbl ©HEp »Kyhecl
aJIbIHCA, OHBIH MTOHI aTaJIFaH Ke3CHICFhI olie]l eCKEPTKIIITEePi apKbUIBI TAPUXH JKaJ| TIeH
WJICOJIOTHSIIBIK HApPATUBTEPI1H peNpe3eHTAUIIaHy YAepicl OOJIbIN TaObLIa IbI.

II. 9/IICHAMAJIBIK HET'I3AEP /KOHE TEOPUSIJIBIK
IMMAPAJIUT'MAJIAP

1. M. Xaab0BakcThIH YXbIMIABIK KaJx Teopusicbl: Eckeprkimrepain
dJIeyMeTTIiK paMKaJiap meHO0epiHge KaJbINTACYbI

Tapuxu KaATBIH PpENpPE3CHTANMUIAHY MEXaHU3MJEPiH, OHBIH imiHae XX
FACBIpAAFbl oWel MOHYMEHTTEpIHIH CHUMBOJJIBIK TaOWFaThIH TYyCiHyIe (paHiry3
asieyMeTTaHylbIckl Mopuc XanbOBaKCTBIH «YKBIMIBIK JKaJ» KOHIEMIMSICHIHBIH
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o/licCHaMalbIK MaHbI3bI 30p. M. Xanb0Bakc ©TKEH MIAK Typaibl €CTETIKTEpiH Ta3a
WHJIMBHUIYaJIbJIbl HEMECE TMCUXOJOTHUIBIK KYOBUIBIC €MECTITTH alFallKbUIapbIH Oipi
OONBIT  HETI3AeN, SKAATHIH  OJCYMETTIK  TaOuFaTblH  aWKbpIHIaabl.  OHBIH
nalbIMIAYbIHINA, )KEKE aJlaMHBIH €CIHJE KaJFaH Ke3 KEeJIreH OKUFa TEK QJIEyMETTIK
TONTAPBIH IIeHOepiHae, sIFHU Oenrim Olp «oJeyMeTTIK paMKajaap» apKbUIbl FaHa
KaiTa >KaHFBIPTHUIAJIBI, KYpbUIbIMJIATIAAbl )KOHE MarbIHara ve Ooxaabl [1]. XKanx Oyn
OTKECH IIIaKThIH ©3repicci3 CcakTaJdFaH KellipMeci emec, O0J OYTriHrl KYHHIH
CYpaHBICTapbl MEH KYHJBUIBIKTAphIHA Cail YHeMi KalTa KYPacCTBIPBUIBII OTHIPATHIH
(pPEeKOHCTPYKUHUSTIAHATHIH) 9JICYMETTIK MTPOLIECC.

Ocpl omicHamMalnbIK IpHU3Ma apKbUTbl KapacThIpraHaa, XX Facblp/ia TYPFBI3bUIFAH
oliel1 MOHYMEHTTEP1 Y)KBIMIIBIK JKaIThl YHBIMAACTBIPYIIILI )KOHE OAFBITTAYIIbI HET13Ti
MaTepHUaNIbIK «JIEyMETTIK paMKajiapabiHy 01p1 0okl TaObUIaibl. MeMIIeKeT HeMece
YCTEMIK €TyIIl CcasCM TON PECMH TapuX casicaThl asdcblHAa Oenrual Oip oien
TYJIFACHIHBIH OeWHEeCiH MOHYMEHTANJAHABIPY apKbUIbI KOFaMFa «HEHI jKOHE Kaau
€CKe caKTay Kepek» eKeHAIrH HycKaiabl [1]. Mbicansl, XX FachIpJbIH OpTachl MEH
SKIHIII KapThICBIHJIaFbl oHel eCKEPTKIIITEpl JKEeKeJIereH agaMIaapAblH CyOBbEeKTHUBTI
€CTENIKTEpiH OIPIKTIpilN, OJapAbl OpPTaK YITTHIK HEMECE MEMJICKETTIK HappaTHBKE
(epmik, KypOanabik, OTaHFa KbI3MET €Ty) OarbITTayIIbl MaTPUIla KBI3BMETIH aTKap/Ibl.
ConbimMeH kaTap, M. XanpOBakc TEOpUACHl E€CKEPTKIIMITEPAIH CTATUKAIBIK €MecC,
JTUHAMUKAIIBIK TAOMFATBIH TYCIHIIPYTE JKOJ allajbl. OJCYMETTIK TONTAp ©3repreHie
HEeMece KOFaM/IBIK-CasiCH JXyiie TpaHC(hOopMalusra YIIbIparaH/a, >KaThIH dJICyMETTIK
paMKanapsl aa KauTa KypsuibiMpanaasl. Jlemek, XX racelpla OpHATBUIFaH OWel
MOHYMEHTTEpl OYTiHI1 3aMaHayd KOFaMHBIH JKaHa QJIEYMETTIK paMKajlapbl
TYPFBICBIHAH KalTa OKBUIBIN, KaHa MaFbIHAIBIK KOHHOTAIUsUIapra ue Oonaapl. by
HBICAHJAp Y)KBIMIBIK KAATHIH TYPAKTBUIBIFEI MEH OHBIH YaKbIT ©T€ KeJe e3repy
MKEMJIUIITIH KaTap KepceTeTiH (PEeHOMEH peTiHe ailkbIHAaaasl [1].

2. II. HopaHbIH <«Kaa OpPBIHAAPBD> TYKbIpbIMAaMacbl: MOHYMEHTAJAbI
CoyJIeT 6Hepi 6TKeH MeH OYrinai 0ailJIaHBICTBIPYIIBI CUMBOJIBIK, KEHICTIK

XX FacpIparsl ofie] MOHYMEHTTEPIHIH TapUXH KaJ| PENPE3CHTAIUSACH] PETIHACT1
TaburaThlH amyaa ¢paniy3 Ttapuxibickl [Ieep HopanblH «kaj oOpbIHIAPHD)
omicHamanbIK peii epekmie. [I. Hopa ka3zipri 3amanfbl KOFamzia AQCTYPJL <OKaj
OpPTaChIHBIHY» JKOFATybIHA OAIIAHBICTHI, YIKBIMIBIK €CTEIIKTI KacaH bl TYP/E CaKTarl
TypyFa OarbITTalIFaH apHaWbI <«OKaJl OPBIHJIAPBIHBIHY KAJIBINTACATHIHBIH aJiFa TapTaIbl
[2]. OHbIH maiibIMIaybIHIIA, KA/l OPBIHAAPHI OYJ1 TAOWFU €CTENIKTIH OPHBIH 0acaThIH,
KOFaMHBIH OTKEH IIAKIEeH OaiIaHbICHIH Y3iMl alMaybl YIIIiH MaTepUaIbl, CHMBOJIBIK
XKoHEe (DYHKUMOHANABI JACHIeHAe KOHCTPYKUMSJIAHATHIH €pEeKIIe HBICAaHIap.
EckepTkimrep MEH MOHYMEHTTEpP OChl (DEHOMEHHIH €H aWKblH, TONOIrpadUsIIbIK
TYPFbIIaH OEKITUINeH MaTepHaJIbIK KOpiHicl 00JbIn Ta0buIaab! [3].

XX racelpaarsl oiien MoHymeHtTepiH [1. Hopa Teopusicel TypFhICBIHAH Taijay
OJIApJIBIH TEK KaJalblK JIAHAMA(PTTRIH Oip Oeieri eMec, MarbIHAJIap ITOFBIPJIAHFAH
CUMBOJIJIBIK K€HICTIK €KeHIH KopceTeai. by eckepTkimTep yuI eameMHiH OipJiirineH
TYpajabl: MaTEpHAIIBIK ©JIIeM (ECKePTKIMTIH (U3UKAIBIK TypAe Oenrim Oip
reorpadusIbIK HYKTEJE TYPFBI3BUTYHI); (DYHKITMOHAIIBIK ©JIIIeM (OHBIH YXKBIMJIBIK
caHaHbl OipikTipyre, Oenriai Oip Tapuxu TYJIFaHbl HE OKHFaHbI VJIBIKTayFa
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OarpITTaTybl); CAMBOJIBIK OJIIEM (YaKbIT 6T€ KeJe alfallKbl HICAIbIK Ma3MYHbIHAH
achlll, KEHIPEK MOACHHU-YITTHIK KoaTapasl uenenyi) [2]. I1. Hopa tyxsipeiMaamacs
asicelHna XX FachIpAbIH oHel MOHYMEHTTEpPl «TIpi TapUXTHIH» KOFAJBIN, OHBIH
OpHBbIHA PECMH, MHCTUTYLIMOHAJIbI CUIIATTaFbl MEMOPHUAIAbl MOJICHUETTIH KEJITEHIH
altrakTaiipl. MemiiekeT HeMece KOMMEMOPAIUSUIBIK OacTamalibliap €CKepTKIll KOO
apKbUIbl TAPUXU HAPPATUBTI MaTEpHUaJIbl HbICAHFA TaHBIN, OHbI YaKbIT aFbIMBIHBIH
BIKNAJBIHAH KOpFayFa ThIpbicazbl. OcbUlaiilna, oifen TyiFajgapblHa apHalIFaH
MOHYMEHTTEp Kaja KEHICTIMHJEe OTKEH MEH OYTIHJl YIITaCTBhIPAaThIH, Y>KBIMJIBIK
KAATHIH TYPaKTBUIBIFBIH KaMTaMachl3 €TETIH >KOHE KOFaMBIK CaHa/la Tapuxu
cabaKTacThIK II€H Y3MIKCI3MIK Ce3iMiH KambimracTeipathiH Herisri Hfi JE % ik
TipekTepre aifHamaasl [3].

3. HappaTuBTiK :KoHe AeKOJOHMAJIAbI Tdciagep: Eckeprkimrepai pecmu
TAPUXHM MITIH pPeTiHle «OKY» H 0JIapbl Ka3ipri Ke3eHae KailTa MarbIHAJIAHABIPY

3amaHayu ryMaHUTApPIIbIK OUTIM Kyiecinae XX FacelpJarbl alie] MOHYMEHTTEPIH
3epTTey TEK KIACCUKAIBIK aJ TEOPUSIApPbIMEH IIEKTEIIMEN/11; OJ1 HAPPATHUBTIK TAJIAY
MEH JIEKOJOHHAJIIbI ONTHUKAaHbI (KO3KapacThl) OlpikTipyai Taman ereni. HappatusTik
TOCUT asIChIHJAa MOHYMEHTAJ/IbI-CAYJIET OHEpl JKail FaHa MaTepHaNJIbIK HbICAH €MEC,
KaJla KEHICTITIHE JKa3bUIFaH O31HJIK «Tapuxu MOTIH» (ypOAaHHCTIK MOTIH) PETIHIE
KapacThIpbuiaabl. ECKePTKIMITIH KOMIO3UIUSIIBIK KYPbUIbIMbI, KEHIMKEPAiIH MO3aChl,
BU3YyaJIJIbl aTPUOYTTAphI, TIIITI OHBIH TYFBIPBIHBIH OUIKTIT MEH MaTepHuaibl Oeriii Oip
pecMu Tapuxu OasiHAaybl (HApPaTUBTI) KYPaUThIH CEMHOTUKAIIBIK Oenriiep OOJIbIM
TaObuiaapl. Byl MOTIHII «OKYy» KOFaMHBIH OTKEH FachIpJarbl HJCOJIOTHSIIBIK
0achIMJIBIKTaphl MEH MOJICHU KOJTAphIH alllyFa MYMKIHJIIK Oepei.

Ocwl TYpFBIIAH aliFaH/ia, Kasipri OTaHABIK KaAThl 3epTrey (memory studies)
OarbITTapbIHA, COHBIH iIiHe 3epTTeyin K. MeneyoBaHbIH MEMOPHUAIIB MOJICHUETKE
KAThICTBI ~ TalibIMAayiapblHAa  KajladblK JIaHamadT TEeH  MOHYMEHTTEPiH
CEMaHTHUKAJILIK TpaHcpopmalusicbl aca MaHb3Abl OpbIH ananbl [4]. XX raceipia,
acipece KEHECTIK KE€3€HJI€ OPHATBUIFaH oMeN €CKEPTKIIITEPl OPTaJIbIKTAH IbIPbUIFaH
MMIIEPUSIIBIK-UICOJIOTUSIIBIK ~ METaHAppaTUBTIH  IIeHOepiHae  xacanael  [5].
CoHnpbikTan OYTiHIT TaHda OyJ MYpaHbl 3€pTTeyJie JEKOJOHHUAJIbl IMapaaurMa
QJIJTBIHFBI IIETIKE IIBIFaIbI.

Jexononunanasl Tocin XX FacbIpliarbl i€l MOHYMEHTTEPIH jKail FaHa >KOKKa
IIBIFAPYJBI €MeC, OJapJibl Ka3ipri TOyesci3 YATTBHIK Olpereilylik IMeH jKaHa Tapuxu
napajurManap TYPFBICBIHAH KalTa MarbIHATAHIBIPYAbI (re-signification) xesmeii.
byn omicHamanblk KoHIenT XX ~ FaceIpjarbl  olen  OcHHeNnepiHiH — Kajai
KOHCTPYKITUSJIAHFAHBIH, OJIAPAbIH OOWBIHAAFbI TOTAJIMTAPJIBIK HEMECE OTapJIbIK
UJCOJIOTUST TaHFAaH KaTmapjapibl aXbIpaTyFa JKOHE COJ  apKbUIbI  VIITTHIK
KOMMEMOPATUBTIK KEHICTIKTI KaliTa KypyFa »OJI amajbsl. MpIcasbl, KEHECTIK Ke3CHIC
MJICOJIOTUSIIBIK IIEHOEp/Ie FaHa HACUXATTaJIFaH oien Kelinkepep (COFbIC OaThIpaaphl)
Oyrinri 3amaHayun KazakCTaHHBIH KajajblK KEHICTITIHIE VJITTHIK a3aTThIK, PKIHIIK
MeH jKaHa MarblHaJaFbl KahapMaHIBIK CHMBOJBI PETIHIE KalTa KaHFBIPTHUIBIIL,
KaHagaH  «oKbU1a»  Oacramel  [4].  byn  yaepic  Tapuxd  KaIaThIH
penpe3eHTalusIaHybIHIaFbl CA0AKTACTHIK TIEH JKaHAPY/IbIH TEHIePiMiH alKbIHIAN b
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I1I. XX FACBIPJIAFbBI OMEJI MOHYMEHTTEPIHIH
NAEOJIOTUAJIBIK ) KOHE CUMBOJIABIK KY¥PbLJIBIMbI

1. KenecTik Ke3eHaeri MOHyMeHTAIbI MAaTPULA: «OTaH-AHA) apXeTHIli MeH
HAKTHI TAPUXM TYJIFAJapAblH HAPPATHUBTIK JeHreiliepi

XX FaceIpia, ocipece KeHECTIK OMIIIK TYChIH/Ia MOHYMEHTAJIJIBI OHEP MEMJICKETTIK
CasiCaTThIH, YT1T-HACUXAT MEH PECMU TapUXThl OEKITY/IIH KyaTThl KypaJiblHa aifHAJI/TbI.
Ochl  Ke3eHJe KaJbITaCKaH «MOHYMEHTAJAbl MATpUIa» KaJajblK KEHICTIKTI
UJICOJIOTUSITBIK TYPFBIIAaH VHUBIMIACTHIPHITT KaHAa KOWMal, YKBIMJBIK CaHaFa BIKIAT
eTYIiH ©31HAIK BH3yaJabl TUTIH KaJbINTacTHIpAbL. byn xyiiene oien OeliHeciHzeri
MOHYMEHTTEp €pEeKIIIe OpBIH ajblll, OJAPJbIH CHUMBOJIBIK >KOHE CEMaHTHUKAIBIK
KYPBUIBIMBI €K1 HET13T1 IEHTeiiIe perpe3eHTalsIIaH bl CHMBOJIIBIK (JIJIETOPHUSIIBIK)
Y HappaTUBTIK (HAKThI Tapuxu) [7]. biik CUMBOJIIBIK ACHIEIIE olies] MOHYMEHTTEP1
KoOlHEe >KaJMbUIaHFaH, aJUICTOPUSIIBIK MaFblHara ue Ooubl, «OTaH-AHay apXeTHIn
meHOepiHae KOHCTPYKIMsIanabl. by OeifHe exenri MUQOIOTUsIIbIK TYCIHIKTEp MEH
KCHECTIK CasiCi WJICOJIOTUSIHBIH TOFBICYbIHAH TYbIHJAFaH oHIM eal. MyHpaai
MOHYMEHTTep/Ie el OeiHeC] KeKe TYJIFaIbIK CUMIaTTapblHAH apbUIbIT, MEMJIEKETTIH
alOBIHBIH, KAUFBICHIH, )KEHICIH HEMeCe KOPFaHBICHIH OLIAIPETIH ayKbIMIbI CHMBOJIJIBIK
MarpiHara w©e Oonapl. On  YKBIMABI  OIPIKTIPYINI, KUBIH-KBICTAY KE3EHJIE
KYMBULABIPYIIIBI 0acThl BU3yalJbl KOJl PETIHIE KbI3MET aTkapibl. byn neHreiine
MOHYMEHTTIH MaKCaThl HAKThl TApUXThl OasHAAY €MeC, IMOILMSIIBIK-UIE0TOTUSIIBIK
ocep KaJJbIPYy >KOHE a3aMaTThIK MAaTPUOTU3MHIH KaJbINITACKAH YJTICIH KOFaMJIBIK
caHajia OeKiTy OOJIbl.

ExiHIl, HAppaTUBTIK JEHIei1e 9iiel MOHYMEHTTEp1 HAKThl TAPUXHU TYJIFajapra —
COFbIC OaThIpiapblHa, €HOEK epJepiHe HEMECE MJJICHUET KalpaTKepsiepiHe apHaJIbI.
XX FachIpbIH €KIHII >KapThIChIHAA EKIHIIN JYHHUEXKY3UIK COFBIC OKUFaJIapbIH
MEMOpHUATIIAHIBIPY YPAICI KYIIEHTeH TycTa, OyJ1 OaFrbIT epeKile KapKblH anabl. by
JEHIreIeri eCKePTKIITEP HAKThl eMipOassHABIK MIIMETTEpre, TYJIFAHbIH KacaraH
epJIiri Typajbl peCMU Tapuxu OasiHAayFa (HappaTUBKE) Heri3aenai. Anaiiaa, MyHa 1a
PECMU UICOJOTUSHBIH CY3TiC1 )KYMBIC 1CTETI, TYJIFAaHBIH OCiTHECT KEHECTIK hjiealaapra,
napTUsiFa alaiblK, MHTEPHAIIMOHAIN3M, €PJIIK TIEH >KaHKUAPJBIK KacueTrTepre cai
CYPBINTANBIT, KaHOHIAHIBIPbULIBI. OchuUTaifllia, KEHECTIK MOHYMEHTAJJIbI MaTpulla
olie]1 MOHYMEHTTEPIH CUMBOJIJIBIK acTapiapMeH Jie, HAaKThl TApUXU HAPPATUBTEPMEH
ne OaifplTa OTBIPHIN, OJIAPABI PECMHU TapUX CasACATHIHBIH alHBIMAC OeJIeriHe
AlHAJIBIPBI.

2. CesyiekTHBTI (IpiKTEJreH) ka1 KoHe BU3yaausanus: EckepTkilTi TYypFbI3y
Ke3iHJeri TYJIFAaHbIH KACHETTEPiH CYPBINTAY KIHE ICTETHKAJIBIK KOATAp
(1acTuka, mo3a, arpudyTuKa)

MoHyMeHTAIIIbI HBICAHIAP apKBLIbI TapUXH JKAJIThl KOHCTPYKIWSJIAY YaAepici
oplaibIM CceNneKTUBTI (IpIKTeNreH) cumarka ue. Tapux FhUIBIMBIHIA >Kaj TEH
YMBITYJIBIH (amnesia) Katap »KYPETiHI CEeKUIl, MOHYMEHT TYPFbI3y OapbIChIHIA Aa
TYJIFaHbIH OYKUI eMipOasHbl emec, TeK Oenrim Oip cascH-MOJeHW KOHBIOHKTypara
KKETTI KACUETTEP1 MEH SIMU30/ITaphl FaHa 1PIKTENIN anbiHabI [7]. by cenexnusinay
MPOIIeCi €CKEPTKIMITIH CHIPTKBI BU3YaJAbl MINTHIHAC, SFHU IJIACTUKACHI, 103aCHI )KOHE
KOJJIAHBIIFAH aTPpUOYTHKACKl apKbUIBI MaTepHalasl Typae OekiTiiemi. MycCiHHIH
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ACTETUKAIBIK KOATAPHI YKBIMJBIK CaHara OeiicaHaIBIK JEHTEIe ocep €TeTIH HeTi3Ti
aKnapaTThIK KaOBIK OOJIBIN TaOBLIAIbI.

XX faceIpliarbl difell MOHYMEHTTEPIHIH IUJIACTUKANBIK MICHIIMACPIH Taljaay
oJIapJibIH Oenrini Oip KaHOHJapFra OaFbIHFaHBIH KepceTinm Oepei. Mbicalibl, OaThIp
olienyiepre apHaJiFaH €CKepTKIIITEp e TIacTHKa KOOIHE SKCIIPECCUBTI, JUHAMUKAIIBIK
KO3FaJIbIcTa OOJIbINT KeJel. TyJiFaHblH 103achl (1Arepi YMTBUTY, KOJIBIH KOFaphI
KOTepy, TIK TYPY) OHBIH KalCapJIbIFbIH, €PIK-)KIT€PIH KOHE aCKAK MIHE31H Malll eTyre
OarpiTTanFaH. MyHpmail Busyanasl OasHIayna oMeNIiK HO3IKTIK €MecC, €pJiK IeH
napacaTThUIBIK aJIBIHFBI ENKE MIbIFapbuIaabl. KeHinmkepaiH TyphIChl MEH KY31HICTe
ACKAKTBIK TICH aWOBIHIBUIBIK OHBIH TAPUXHU MUCCHUSICHIHBIH MaHBI3ABLIBIFBIH JKOHE
YKBIMIBIK JKaJTa KaJlJablpyFa THICTI OacThl O€iHECIH alKbIHAAYIIbl Kypaj OOJIbII
TabbLIa k! [8].

BusyanuszanusiHelH Tarbl Olp MaHbI3Ibl Kypajdbl — aTpUOyTHUKa (CUMBOJIBIK
3artap). EckepTKill KypaMbIHAAFbI 9pOip AeTalb (9CKEPH KHIM, Kapy->Kapak, OpACHIEP
HEMece YITTBIK KWIM D3JIEMEHTTEpl) TapuXu MOTIHJI HaKThUIaymibl Oenrigep. XX
FACBIpAAFbl COFBIC OATBHIPJIAPBIHBIH MYCIHAEPIHJIE OCKEpU IIUHEIb MEH KapyblH
OcilHeNleHyl TYJIFaHBIH TapuxXu peJiiH OipAeH aWKblHIaca, ©OHEp HE MOJICHUET
KallpaTKepiepiHiH MOHYMEHTTEPIHJIET1 JUPUKAJIBIK, apUCTOKPATUSIIBIK IJIACTHUKA
OJIap/IblH ~ IIBIFAPMAIIBUIBIK ~ KBI3METIHIH CEMaHTUKAChlH amanabl.  Ochbliaiiiia,
€CKEPTKIIITIH 3CTETUKAIBIK KYPBUIBIMBI IPIKTEITEH TApUXU ECTENIKTI KOPKEMJIIK
TUIMEH KOJTall, OHbI KaJIaJIbIK KEHICTIKTE Y3aK YaKbIT OOMbI ©3repicci3 cakTal TypyFa
MYMKIHJIIK O€peTiH 0acThl KypasFa aiHalabl.

IV. KAJIA KEHICTITTHAET'T KOMMEMOPATUBTIK TOXIPUBEJIEP

1. Monymenrtrepain ypOanuctik Ttonorpagusicel: EckeprkimiTiH Kajaa
OpTAJIBIFBIHA HeMece casi0aKTap/Aa OPHAJIACYbIHBIH CEMHOTHKAJIBIK MIHI

MoHyMeHTaIIBI ~ HBICAHAAPABIH  TapUXW  JKAAThI  PETpe3cHTAIUsIAY 1aFbl
MIOPMEHUTIT OJIap IbIH TEK KOPKEMAIK-IIJIACTUKAIBIK HIEIIIMIMEH FaHA eMeC, COHBIMEH
Olpre KajmajablK KEHICTIKTErl OpHajacy JIOKAIUsICHIMEH, SFHH YpPOaHHCTIK
tonorpadusackiMeH ne adkbiHAananbl. Kama Oyi TYpreIHIApD KYHAETIKTI TIPUIUTIK
€TeTIH TeorpadusuIbIK OpTa FaHa €Mec, OJ TYpPJi MarblHaJIap MEH CHMBOJHOJIBIK
ruepapxusiap Ka3blUIFaH CEMUOTHUKAIBIK MOTIH. OChl MOTIH IIEHOEPIHAC €CKEPTKIIITIH
HaKThl Kail >kepe (OpTaJbIK ajaHaa, 0ac Maructpaibaap OOWbIHIA, dJ/I€ MIETKEpi
casibakTap MEH CKBepJiep/e) OpHalacybl MEMJICKETTIH HEMece KOMMEMOPAIMSIIBIK
OacTaManIblIapbIH COJT TAPUXU TYJIFaFa JIETeH KO3KapachlH, OHBIH PECMU TapUXU
uepapxusIarsl JEHIeiH allFaKTalThIH O0acThl KOPCETKIII OOJIBIN Ta0bLIa kI [4].

EckepTKIIITIH KaJlaHBIH CUMBOJIIBIK OpPTalbIFbIHAA 0ac alaHaap MEH OKIMIIUIIK
TOFBICTAP/1a OPHAJIACYbI OHBIH PENPE3CHTAMSIIBIK MOHIHIH JKOFapbl €KEHIH KOpCeTe/Ii.
OpTanblK KEHICTIK peCMU OWJIIK IMEH MEMJICKETTIK MJICOJOTUSHBIH CUMBOJIBI PETIHJE,
OHJIaFbl MOHYMEHTTIH MAaHBI3JIbUIBIFBIH aBTOMATTBI TYPHUIC apTTHIPAAbl JKOHE OHBI
KYHJETIKTI BU3YaJJbl aFbIHHBIH aXbIpamac Oeslerine aHamasipajsl. MyHmai
OpbIHAApJa TYPFBI3bUIFAH OHEJT MOHYMEHTTEpl VYJIATThIK HEMEece MEMIICKETTIK
ayKbIM/IaFbl METaHAPPATUBTEP/IIH (€PIIK MeH MEMJIEKETTUTIKTIH) OacThl CHMBOJIIAPHI
peTiHne KaOburmaHaapl. ECKepTKIMTIH alHalachIHAAFhl KEHICTIKTIH aIllbIKTHIFBI,
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MOHYMEHTTIH OHMIKTII MEH MOHYMEHTAJIbUIBIFRl Kaja JaHAmAa(ThIH OaFbIHBIPHIIL,
OFaH CAJITAHATTHI op1 alOBIH/IBI CUIIAT Oepe/ii.

Kepicinme, oiienn MOHYMEHTTEpiHIH casOakTapaa, TyJzapiapiaa (CKBepiepie)
HEMECe MOJICHUET OIIAKTAPbIHBIH MaHbIHIA OpHAJacybl ©3Tellle CEeMaHTUKAIIbIK
xykremere ue. Casgbakrap MeH peKkpealusIblK aitMakTap — OyJ1 Kajla TYpPFbIHIapbIHbIH
PECMU peruIMKaNIapJaH apbuUIbIIl, )KEeKE HEMece TONTHIK JICHTel e TapuxIieH oermne-0er
KEJICTIH HEFYpJIBIM KaMepajblK, JIOKAIAbl KEHICTIKTepl. MyHnuail naHamadTThIK
aliMaKkTapJa OpHajJacKaH oWel  eCKepTKImTepi KeOiHe  MOICHHET, ©Hep
KalipaTKepiiepiHe HeMece JMPHUKAIbIK-CAMBOJIIBIK OeiHenepre apHanaabl. by
TONOrpaUsIBIK TaHAay €CKEPTKIIITIH KOFaMMEH OaillaHBICHIH T'yMaHHU3alusayFa
(kakplHAaTyFa) MYMKiHAIK ~ Oepemi.  Ochbuiaiiima, ypOaHucTik — Tomorpadus
MOHYMEHTTIH KaJla KEHICTIT€1HAET1 «JaybIChIH» PETTEI OThIPATHIH HET13T1 TETIK OOJIBII
TabbLIa B! [5].

2. Ecke any puryajagapsl: Eckeprkiln aifHaJIacbIHAAFbl KOFAM/ABIK LIapajiap
MEH PUTYAJJIAPJAbIH YKBIMBIK CAaHaFa dcepi

MOHYMEHTTIH KaJlaJbIK KEHICTIKTE TEK MaTEPUAIIIBIK HEMECE SCTETUKAIIBIK HbICAaH
pETIHIE FaHa eMecC, «TIp1» KajJ OpPHBI PETIHJE KBI3MET €Tyl OHBIH aiiHaJlaChIH/a
KaJIBINITaCaThIH KOMMEMOPATUBTIK TIKIPUOEJIep MEH €CKE ally pUTyaslapblHa TIKEJIeH
OaitnanpicTel. Dpaniry3 onmeymeTTaHymibichl J. JIIOpKreiM Heri3iereH puTyaijgap
TEOPUSIChIHA COMKEC, Ke3 KEeJIreH KOFaMIbIK pUTyal YXKBIMIBIK —Ce3IMJIepi
KAHFBIPTYIbIH,  OPTaK  KYHABUIBIKTapIbl  OEKITYIIH  JKOHE  QJIEyMETTIK
BIHTBIMAKTACTBIKTHI HBIFAUTY IbIH 0acThl TETIr1 00k TaObLIa k! [6]. XX FachIpJaFsl
oiies1 MOHYMEHTTEPI OCBIHJAl CUMBOJIIBIK JKOHE CasCH PUTYaIapAblH OPBIHIATYbIHA
KQ)KETTI HET13I1 KeHICTIKTIK Oaraap KbI3METIH aTKapasbl.

EckepTkilirep aifHalachblHAA ©TKI3IETIH PECMU JKOHE OelpecMu ic-11apanapIbiH
KOFaMJIbIK CaHara 9cep €Ty TeTIKTepl OlpHellle JeHIeIeH Typaibl:

» MeMJIeKEeTTIK-UACONOTUSIIBIK JIeHrel: PecMu Mepekenep/ie MOHYMEHTTEPTe Ty
LIOKTapbIH KOO, 9CKEPHU LIEPYJIEP MEH €CKE ally MUHYTTApbIH YUBIMIACTHIPY. MyH1aii
pUTyalap pecMH TapUXU HApPPATUBTIH KOFAMIBIK HUEpapXusgarbl YCTEeMJITIH
KOPCETII, MEMJICKETTIK UJICOJIOTHSHBI a3aMaTTap CaHACBIH/A KalTa dKaHFbIPTAIbI.

* OJICYMETTIK-MOJICHH JIeHrel: MoJleHHueT MeH eHep KalpaTkepiiepiHe apHaJFaH
olies1 MOHYMEHTTEPIHIH KaHBIH/IA IIBIFAPMAIIBUIBIK KEIITEP/IIH, KOpMEIepIiH HeMece
arapTyIIbUIBIK aKIMUIAPJBIH OTKI3UTyl. byl miapanap Tapuxu ecTemikTi KYHIETIKTI
MOJIEHU TOKIpUOETEepPMEH YIITACTBIPBIN, OHbI KOFaM YIIiH KaKbIH 9p1 TYCIHIKTI €Te/.

 Jlokannapl (keke) neHren: Kama TypFbIHIApBIHBIH, COHBIH 1IIIHJE YKacTapIbIH
HEeMece KOociOM KaybIMJIaCTBHIKTapIbIH €CKEPTKIII alfHajackIiHAa 03 OacTamaiapbIMEeH
KUHAITYBI, TYJ KOIObI HEMECE €CTeJNIIK CypeTke Tycyl. MyHIail KOMMEMOpPaTHBTIK
ToXipuOenep MOHYMEHTKE OCKITIITeH TapuXyd MarblHaJapAbl YprHaKTaH-ypIaKkKa
KETKI3YIl OACThl TPAHCISATOP OOJIBIN TAOBLIAIBI.

Erep eckeprtkim aiHanacelHIa KaHAal ga Olp PUTYaIIbIK OpPEKETTEP
OpbIHAaIMaca, O OIPTIHAEN ©31HIH CHUMBOJIABIK KyaTblH >KOFAITHIN, Kaja
nanamadTeIHAAFRl JKal FaHa JCKOPAaTUBTIK JJEMEHTKe aiHananel. Kepiciniie,
OCJICEH/II QIIEYMETTIK JKOHE MEMOpHANIbl pUTyangap XX FachIpJarbl oilen
MOHYMEHTTEPIHIH KOFaMJbIK CaHaJa YHEMI KaiTa MaFbIHAJIAHABIPBUIBIN, TapUXU
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KAATBIH OMIpIIEeH opl JIUHAMHUKAJIBIK (EHOMEHI peTIHAE CaKTalbIl TYPYBIH
KaMTaMachI3 eTel [6].

V. KOPBITBIH/IbI

XX Facblpiarbl oWel MOHYMEHTTEpPIH TapuUXU Kaj penpe3eHTAIUsChIHBIH
(heHOMEH1 peTiHEe KEIICH/I1 TCOPUSUIBIK-dICHAMAJIBIK TYPFBIJIaH TallJlay Keleciaeu
1prei KOpBITBIHBLIAP kKacayFa MYMKIHAIK Oepei:

1. BipinmrigeH, MOHYMEHTAJAbl OHEP HbICaHAApbl OYJI KAThIN KaJFaH CTATUKAJIBIK
ApPXUTEKTYpAIbIK ECKEPTKIIITEp €eMeC, OJlap KOFAMHBIH CasCU-MOJCHH JKOHE
UICOJOTHSUIBIK ~ CYpaHbICTaphlHa cail  yHeMmi TpaHc(hOpMalUsIaHbIl, >KaHa
MarblHATapFa ue OOJIBIN OTHIPATHIH JWHAMHUKAJIBIK «Tipi» >kaj (enomeHi. Mopuc
XanbOBaKCTBIH YXKBIMIBIK kaja Teopusickl MeH [Ibep HopaHbIH «kaa opbIHIApbD)
TYKbIPBIMJIaMAchl OYJ1 MOHYMEHTTEP/IIH KOFaMbIK caHaaa OIpIKTIpylIl )KOHE ©TKEH
[IaKIEeH 0alIaHbICTBIPYLIBI SJIEYMETTIK pPaMKajap €KEHIH TOJIBIK AAJICIACHII.

2. Exinmngen, XX fachIpJiarbl i€l €CKEepTKIMITEpIHIH 1MIKI KYPbUIBIMBI €Kl
AeHrein (MAeoI0rHsUIbIK-aNIErOPHSUIBIK JKOHE HAKThl TAPUXU-HAPPATUBTIK) MaTPUILIA
menOepinae namblael. byn okyilene «OtaH-AHa» apXeTuni MEH HaKThl TapuXu
TYJIFaJIap/iblH OeMHENepl peCMU TapUX casicaTbIHBIH 0aCThI KYpasibl KbI3METIH aTKAPAbI.
EckepTkimrepaiH BU3yasabl T OJapAblH MJIACTUKACKI, aCKAK M03aJ1apbl, CAMBOJIABIK
aTpuOyTTaphbl CENEKTUBTI (1PIKTEITEH) JKaaThl KOHCTPYKIIMSUIAYIbIH HET13I1 TETIKTEP1
00JIBIIT TaObLIAIBI.

3. YuwiHmigeH, MOHYMEHTTEPIIH ypOaHUCTIK Tonorpaduscsl MEH OJap/AblH
allHanachlHAA TYPAKThl TYpPJE OTKI3UIN TYpaTblH KOMMEMOPATUBTIK TXKipuOenep
TapUXW ECTENIKTIH YpIaKTaH-yprakka TPaHCIALUAIAHYBIH >KOHE OHBIH KaJlalbIK
MQJIeHU JaHAmadTTa eMipIIeH 00JIybIH KAMTaMachl3 €Te/l.

3epTTeyAiH TEOPUSUIBIK KOHE OiCHAMANbIK KOPBITBIHABLIAPHI Ka3ipri 3aMaHFb
MOCTKEHECTIK KEHICTIKTer1 >koHe Kazakcranmarbl sxaj casicatblH (memory politics)
Kylesey YIIiH MaHbI3bl TPaKTUKAIBIK MOHTE ue. HappaTuBTiK XKoHE EKOJTOHUAIIBI
Tocumepal Koijgany XX FachIpJIbIH MOHYMEHTAJIBI MYpPAachlH JKall FaHa >KOKKa
IIbIFapMaii, OHbl 3aMaHayd VITTBIK OIpereisiik TMeH ereMeHIIK KYHIbUIBIKTAph
TYPFBICBIHAH KaWTa MarblHAJAHJBIpyFa KOJ amanpl. Makanaga KenTipuireH
9/liCHaMaJIbIK aibIMayJsiap MEH TY>KbIPbIMAAPIbI )KOFAPbl OKY OPbIHAPbIH/IA apHaiibl
KypcTap a3ipiieysie, COHJal-aK KadajblK JIaHJMA()TThl MEMOPHAIAAHIBIPY MEH
3aMaHayd MOJEHM CasicaTTblH TY)KbIPbIMAAMAaJIbIK HETI31HJE MPaKTUKAJIBIK Kypall
peTiHJie KoJIlaHyFa 0oJiaIbl.
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[To6ynoBa mepesxxi MANET nHa taktruunux SDR-pamgiocTanmisix Biapi3HIETHCS Bl
KkiacuyHoro [P-mapuipytuszatopa THM, 0[O0 pIIIEHHS NPO HACTYNMHHM Mepexina
(hopMy€ETHCSA B yMOBAx 3MIHHOI pallOBUIMMOCTI, 0araToXomoBOCTI Ta KOHKYPEHIIi 3a
CHUTBHUM paaiopecypc. Y 11 Te31 HOPIBHIOIOTHCS HE MUTAHHS 3aXUCTy 1HQopMaIlii i
HE EHEepreTMYHa aBTOHOMHICTh, a caMe MepekeBa €(PEKTHUBHICTh JJIsI YMOBHO-
ctamioHapHoro pexumy: 80 aOOHEHTIB, HHM3bKa MIBUAKICTh MEPEeMIIIeHHS abo
nepeBakHo (hikcoBaHi Mo3ullli ab0OHEHTIB, 3Mitanuii [P-tpadik romocy, Teaemerpii Ta
BiJIcoAaHMX. 3a TAKUX YMOB KJIIOYOBUMHU METPUKAMH € CyMapHa KOPHCHA MPOITyCKHA
3JIaTHICTB S, 9acTKa JOCTaBIEHHUX NMakeTiB PDR, cepenns 3aTpuMKa Doy, JUKUTED J
Ta CIy>K00Be HaBaHTakeHHs MapupyTu3aiii (overhead) O, [1-3].

Binkputi Marepianu BUPOOHUKIB HE PO3KPUBAIOTH MOBHICTIO BHYTPIIIHI
QITOPUTMH MapUIpyTH3allii Ta 1arpaMoyTBOpPEeHHsS. TOMYy KOpEKTHIIIE NOPIBHIOBATH
HE “‘Ha3By MPOTOKOIY” Yy YUCTOMY BUTJIAMIL, a apxXiTekTypauit Tunm MANET -pinenns.
Jlnst BupoOHuka L3Harris xapakTepHUM € BUKOPUCTaHHS BUCOKOMBUAKICHOI TSM-X
MANET Ta cymicHux peamizaiiii TSM y 6araTokanaiabHuX pagioctaniisx [4]. Silvus
StreamCaster cnupaeTbes Ha BiaacHy MN-MIMO waveform, nns skoi 3asBieHa
MacmTaboOBaHICTh O COTEHb BY3JiB 1 BHCOKOIIBHJKICHA Tepenada IP-manux [5].
Bitttum Tough SDR mniarpumye TAC WIN Waveform i3 MANET routing,
aJanTUBHOI MOMyJisIi€et0, QOS-Opi€HTOBaHUM KEPYBaHHSAM PaJiOpEeCypcoM Ta
cmyramu 5/10/20 MHz [6]. 3 no3wuttiii Teopii [lepkinca, Skera, J[>koncona ta Knaysena
11 PILIEHHS TAKIIOTH 0 ONTUMI30BaHUX MPOAKTUBHO-TIOPUAHUX CXEM, OCKUIBKH IS
80 aboHeHTIB (y IOCHIIKEHHI BHOpaHa Taka KUIbKICTb aOOHEHTIB) y CTaOUIbHIN
TOMOJIOT1] BUT1IHO MIATPUMYBATH aKTyallbHy KAPTUHY CYCIJIHIX BY3JiB, a HE KOXKHOTO
pa3y BUKOHYBATH PEaKTUBHUI MOLIYK MapmpyTy [1-3].

JI71st iHTeTpaTbHOTO MOPIBHSAHHS BUKOPUCTAHO HOPMOBAHHM MOKAa3HUK Ef:
Ef = 0258+ 0.25PDR + 0.20(1 — Dgze) + 0.15(1 —J) + 0.15(1 - 0,),
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ne S, PDR, D,,., J, O, € [0;1] - HOpMOBaH1 3HAaYCHHS METPUK; OUTBIIHMN Ef
BIJIMOBIAA€ Kpalid MepexeBid edekTuBHOCTI. Taka ¢opma He MiAMIHSAE CTEHIOBHUX
BUMIPIOBaHb, ajI¢ JI03BOJISE 31CTABUTH PIIIEHHS 3a OJJHAKOBOIO JIOT1KOIO OI[iIHIOBAHHSI.

Table 1.
ITopiBusuibHA orfinka MANET-piniens 115 Mepexi 3 80 aOOHEHTIB
Bupoonuk / ApXiTeKTypHUi S PDR | D/J O'mcyBaH.a nepeBara y
waveform THI pexumi 80 By3.1iB
L3Harris / MPOAKTUBHO-T10pHIHA 30a71aHCOBAHICTh nepenayi
TSM-X, WREN- | MANET 3 BHCOKOIO 4 4 4 | pizmoro Tumy Tpadiky i
TSM aaNTHBHICTIO OaratokaHajIbHOI B3a€EMOLIT
. mesh i3  MIMO- HalKpala nponyckHa 3/IaTHICTh
Silvus / . A
OpP1EHTOBAHOIO 5 5 4 1 criikicte PDR 3a paxyHok
MN-MIMO
XBUJIBOBOIO (hOPMOFO MIMO Ta macurTaOyBaHHS
Bittium / . parioHaTbHANA KOMITPOMIC MiX
TAC WIN, KMGAIEEHHMBGC QC"OSB; 4 45 | 4 |PDR, 3aTPUMKOIO Ta
ESSOR HDR py pecyp KEpyBaHHSAM II0TOKaMU

Ipumimra™
1 - nusebkull, 5 - HaUKpawull GIOHOCHUL pPIBEHb, OYIHKA € AHANIMUYHON, OCKIIbKU 3aKpumi
peanizayii mapupymusayii 6upoOHUKamMu He 0emaizyiomvCsi.

Pe3ynbpraty MOpiBHSHHS JO3BOJISAIOTH 3pPOOMTH BHCHOBOK, IO JUISI YMOBHO-
cranioHapHoi mepexi 3 80 aboHeHTIB peakTuBHI cxemu Uiy AODV/DSR menn
MpUBaOIMBI sIK 0a30Ba JIOTiKa: BOHW 3MEHILYIOTh MOCTIIHI Cl1y>k00B1 MOBIJJOMJICHHS,
ajie BHOCSThH JOJATKOBY 3aTpUMKYy npu noOynoBi mapuipyty. Hatomicte OLSR-
noaiOHa abo ridpuIHa JIOT1Ka BUTPAE 3aB/ASIKU MONEPEAHBOMY 3HaHHIO Tomosorii. e
Y3TOKYEThCS 3 CYYaCHUMU CUMYJISIiiHUME ocaipkeHHaMu MANET, a npoakTuBH1
pILIEHHS IEGMOHCTPYIOTh NIEPEBAry caMe y CTaOUIbHIIINX TOMOJOTIAX [7].

Jlnst Takoi KUIBKOCTI aOOHEHTIB MPUHIIMIIOBO 3pOCTa€ HE JIMIIE KUIBKICTh
MO>KJIMBHX 3B’ S3KIB, a i I[iHA MOMUJIKA MapuIpyTu3arii. Ko cepeaHiii CTymiHb By3Jia
JIOPIBHIOE k, TO OPIEHTOBHA K1JIbKICTh JIOKAJIBHUX PaJI103B’sI3KiB CTAaHOBUTH NE =~ Nk/2.
HagiTb 3a k = 6 maemo 01u3bko 240 MoTeHIHHUX pedep, CTaH SAKUX Tpeda PeryspHO
OHOBJIOBAaTH. ToMy [IJIsi YMOBHO-CTAI[IOHAPHOIO PpEXUMY JAOUUIBHUM € He
MaKCUMaJIbHO ‘“JIETKUIA” TIPOTOKOJ, a TPOTOKOJN 13 KOHTPOJIHOBAHUM CITYKOOBUM
HABAHTAKCHHSM, SIKUH MIBUIKO CTAOLTI3Yy€ TaOIUITI MapIIPyTiB MIiCIIsI JIOKAIbHUX 3MiH,
TaK sIK MPaKTUYHO HEMA€E 0OMEKEHb M0 €HEeProe(PEeKTUBHOCTI BY3JIiB.

3a xkputepiem S HalOUbIMI noteHian Mae MN-MIMO, ockiJIbku pOCTOpOBE
posHeceHHss Ta MIMO-TexHoOMOTIS YNpaBIiHHSA J11arpaMOyTBOPEHHSM  Kpale
NIATPUMYIOTh napanesnbHi [P-notoku. 3a kputepisimu D, 1 ] pizauis mixx L3Harris,
Silvus 1 Bittium y kBa3icTamioHapHOMY pexuMi Oyie MEHIIIO0, HIXK y PEKUMI IIBUIKOT
3MIHU MICII€3HAXO/KEHHS (BUCOKOI MOOUIBHOCTI): TOJIOBHUM JIXKEPEIIOM 3aTPUMOK
CTa€ yepra JOCTYITy JI0 KaHally, a He 4acTe BIIHOBJICHHS MapuipyTy. 3a kputepiem O,
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nepeBara 3alieXKHUTh BiJ] TOTO, HACKUIbKH epeKkTuBHO waveform arperye ciyx00Bi
MOBIJIOMJIEHHS MPO CYCiHI BY3JIM 1 CTaH KaHAJIIB.

OTxe, AKII0 TOJIOBHUM KPUTEPIEM € MAKCUMaJIbHA KOPUCHA MPOMYCKHA 3/IaTHICTh
JUISL BIJIEO Ta CEHCOPHHUX IOTOKIB, HaMMepCcHeKTHBHIIIE BUrisgae kiac Silvus MN-
MIMO. Skmo mnpiopuTeTOM € YHIBEpCAIbHICTh OaraTokaHajdbHOI B3a€EMOAIl Ta
1HTEerpallisi 3 pi3HUMHU XBWJIbOBUMH ¢dopmamu, fouiibHuM € kiac L3Harris TSM-
X/TSM. Sxuo HeoOXiHUW KEpOBAaHUM KOMIIPOMIC MIXK IIMPOKOCMYTOBOIO
nepempadero, QoS 1 macmraOyBaHHSIM Yy CTPYKTYpPOBaHI TaKTHYHIM MeEpexi,
koHKypeHTHUM € kiac Bittium TAC WIN/ESSOR HDR. JIns mepexi 3 80 aO0OHEHTIB
y KBa3iCTAaIllOHAPHOMY PEXHUMi 3araJIbHU BUCHOBOK TaKWii: BUPIIMIATHHUM CTA€ HE
MiHIMaJIbHA KUJIBKICTh CITY’KOOBHX ITAKETIB, a 3IaTHICTD MM ATPHUMYBATH IIepe10avyBaHy
TOIOJIOTIYHY KapTuHy, cTabuibHui PDR 1 Many Bapiaiiito 3aTpuMKH MPU 3POCTAHHI
KUIBKOCTI MOTOKIB.
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B3AEMO3B’SI30K 3ACAIN HEJJOTOPKAHHOCTI
’KUTJIA TA HELOTOPKAHHOCTI IIPABA BJIACHOCTI
SIK KOHCTUTYUWIMHUX T'APAHTIN Y
KPUMIHAJBHOMY ITPOBA/’)KEHHI

Kuuko Poman AHaToJ1iioBUY

acmipanT kadenpu iHGOpPMaLIIHOTO, TOCTIOAAPCHKOTO

Ta aAMIHICTPATUBHOTO TIpaBa

HarioHansHOT0 TEXHIYHOTO YHIBEPCUTETY Y KpaiHH

«KuiBchkuii moniTexHiuHui 1HCTUTYT iMeHi [ropst CikopcbKoro»

[IpaBo BiIaCHOCTI sBJsiE COOOIO MPUPOJHE MPABO JIOAUHH, JHKEpeno ii Bol 1
piBHOCTI 3 1HIIUMU JOAbMH [1, ¢. 45]. BOHO € HOPUANYHOI MOXKIIMBICTIO Ha CBii
po3cyn 0e3 IMIKOAU 1HIIMM 1 HABKOJIUITHBOMY CEPEIOBHUIIY BOJIOAITH, KOPUCTYBATHUCH
1 pO3MOpSKATUCA MallHOM Ta IHIIUMU MaTeplaIbHUMH, 1HTEJICKTYyaJIbHUMHU
IIHHOCTSMU 1 (DIHAHCOBUMHU pecypcami [2, c. 143].

HenotopkaHHiCTh MpaBa BIACHOCTI Ma€ TIMOOKI ICTOPUYHI KOPEHI, 110 3yMOBJICHI
VHIKaJbHUM XapaKTepoM [bOT0o TmpaBa. Jlumie BIaCHUKY HAJAaHO BUKIIOYHE
MMOBHOBAXEHHSI CAMOCTIMHO BHU3HAYaTHU JOJK peyl, SK Yy MpaBOBOMY, TaK 1 Yy
(haKTMYHOMY acrleKkTax. ¥ MeKax CyCIUIBHOIO YCTPOI KOKEH MOro yYaCHHK B TIH 4H
iHOIii Mipi € cy6’€KTOM TIpaBa BIACHOCTI. MOro IiHHICTb i KiTbKiCTh BapiloIOThCA B
HIMPOKHUX MEXaX, MpoTe Oyb-SKHUI BIACHUK 3alllKaBICHUI y TOMY, 100 HOro mpaso
BJIACHOCTI Ha T€, YUM BiH BoJIoJie, Oyno © HemopymHum [3, c. 24]. 3acaga
HEJIOTOPKAHHOCTI TMPHUBATHOI BJIACHOCTI mependavae CTaH IOPUAWYHOI Oe3neKu, B
SKOMY BHKJIIOYAETHCS MOKJIUBICTh CBAaBUILHOTO MOCATAHHS HA BIACHICTh, a TaKOX
3a0e3neuyeThcsi 0ocobrucTa cB00OIa Ta aBTOHOMIS OCOOM Y 3IMCHEHHI HAJIEXKHUX il
MalHOBHX MPAB.

[IpouiecyanpHe 3abe3reyeHHs 3axUCTy TNpaB 1 CBOOOJ JIIOJAWHH TTOBHUHHE
3MIMCHIOBATUCA Y TaKWX TPABOBUX MeEXaxX, SIKI MIHIMI3YIOTb MOMJIMBICTh 1X
MopymieHHs1 a00 TOMYCKaloTh BTPYYaHHS JIMIIE 32 YMOB YITKOTO JOTPUMAaHHS BUMOT
3aKOHOJIAaBCTBA, y BHUHATKOBUX BHWITQJKaX, KOJW HasBHA KpailHI HEOOXIIHICTh, a
JOCSITHEHHSI TUIEH KPUMIHAIBHOTO TPOBAKEHHS IHIMUM MUIBSIXOM € HEMOXKIIMBHM.
OmHuM 3 KJITIOYOBUX EJIEMEHTIB IIBOTO 3aXHCTy BHUCTYIIA€ TapaHTyBaHHS IIpaBa
BJIACHOCTI sIK 00’ €KTa MpaBoBoi 0xopoHHu [3, ¢. 39].

CyuacHi npolecyaaicTi BU3HAYaI0Th OHATTS «HEJIOTOPKaHICTh IpaBa BIACHOCTI»
K BUXIJIHY 1110 KPUMIHAJIBHOTO MIPOLIECY HOPMATUBHOTO XapakTepy, sSKa MOJIATae B
CIPSIMOBAHOCTI 3MICTy Ta (OPMU KPUMIHAIBHOTO TMPOBAKCHHS Ha yOe3NeueHHs
0co0U BiJl HETPABOMIPHUX TIEPEIIKOT B ii MOXKJIMBOCTI Ha BIACHUHN PO3CY]l BOJIOMITH,
KOPUCTYBATHUCS YU PO3MOPSHKATUCS HAJICKHUM i MAtHOM y MEXax, YCTaHOBJICHUX
3akoHOM [3, c¢. 20, 21]. HenoTopkaHHICTIO MpaBa BIACHOCTI € HEMPUITYCTUMICTD
MPOTUIIPABHOTO Ta HE3aKOHHOTO BTPYYaHHs, OOMEXKEHHS UM IMO030aBJICHHS OCOOU
MpaBa BUTLHO BOJIOAITH, KOPUCTYBATUCS Ta PO3MOPsHKATUCS MaitHOM [4, c. 11].
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JlepaBa, IUISIXOM 3aKpIIUICHHS TOJIOXEHb y HAIllOHAILHOMY 3aKOHOJIABCTBI, a
TaKOX IUIIXOM paTudikariii Mi>KHapOIHO-IIPAaBOBUX aKTiB, YCTAHOBHJIA MOJKJIUBICTh
0oOME)KEHHS MpaBa BJIACHOCTI, 1110 TapaHTYEThCs KOXKHIM ocobi. BogHouac, 3 MeTor0
3ano0iraHHsl HEBUIIpaBAaHOMY ab0 HEMpPOIOPIIHHOMY BTPYYaHHIO y II€ MpaBo, B
KPUMIHAJILHOMY TIPOIIECYaJIbHOMY 3aKOHOJABCTBI YKpaiHM mependayeHo 3acaau
KPUMIHAJILHOTO TIPOBAJKEHHS, cepell SKUX OCOOJMBE 3HAYEHHS Mae€ 3acaja
HEJIOTOPKAHHOCTI TIpaBa BJIacHOCTI [5, ¢. 57].

HamionanpHa mnpaBoBa cHCTEMa, TapMOHI30BaHa 3 MIKHAPOJHO-IIPABOBUMHU
CTaHJapTaMH, 3aKPIIUIIOE€ MPAaBO KOXKHOI 0COOM Ha 3aXHCT il BIACHOCTI, OJHOYACHO
BCTAHOBJIIOIOYM, II0 BOHO MOX€ OyTM OOMEKEHE BUKIIIOYHO Yy BHIIAJKaX, MPSIMO
nependaueHux 3aKOHOM. Take oOMexeHHs € 00’ €KTUBHO BHIIPABIAHUM 3 OTJISTY Ha
NOTpeOr KPUMIHAIBHOTO MPOBAKEHHS, IPOTE BUMAra€e perejabHOi MPaBOBOi OLIIHKU
010 MOro JOMYCTUMOCTI, CHOCOOIB peaiizailii, 3aKOHHOCTI 1 BIJMOBIAHOCTI
NPUHIUIY HEOOXIAHOCTI, 3 YypaxyBaHHSM IHTEpPECIB CYCIUIbCTBA Ta 3aBJaHb
KPUMIHAJIBHOTO CYJIOYMHCTBA.

Bonnouac, BiamoBimHo n0 crarri 30 Korctutymii  Ykpainu, KOXXHOMY
rapaHTy€eThCS HEAOTOPKAHHICTh KHUTJIA, 1 MPOHUKHEHHS A0 KUTJIA YU 1HIIOTO
BOJIOJIIHHA OCOOM HE JIOMYCKAEThCS 1HAKIIIE, SIK HA MiJICTaBl BMOTUBOBAHOIO PIIlICHHS
Cylly. AHAJIOT14HI TapaHTil CTOCYIOThCS 1 MpaBa BIACHOCTI, MEpe0aueHOro CTaTTEeIo
41 Kouctutymii YkpaiHu, ska BHU3Ha4yae, M0 HIXTO HE MOXe OyTH MPOTHUIIPABHO
1o30aBJICHUH TTpaBa BJIACHOCTI. [6].

3a3HayeHl  KOHCTUTYLIMHI ~ HOPMHM  CTAQHOBJSATH  OCHOBY  BIANOBIAHHMX
MpOlECyaTbHUX TapaHTiH, 0 OTPUMAIN PO3BUTOK y TOJOKEHHSIX KpumiHanmbHOTO
IIPOLECYATBHOTO KOJIEKCY Y KpaiHH.

Peanizaiiss npyuHIMIY HEJOTOPKAHHOCTI MpaBa BIACHOCTI MOPYY 3 MPUHLIUIIOM
HEJOTOPKAHHOCTI JKWTJa Ta 1HIIOIO BOJIOAIHHS OCOOM Yy KPUMIHAJIBHOMY
3aKOHOJABCTB1 YKpaiHU € HEB1JI €EMHOIO CKJIaJIOBOIO CUCTEMHU rapaHTiid MpaB 1 cCBOOO
TPOMAJIsiH, SIK1 3aJTy4aroThCcsl 10 chepr KpUMIHAIBHOTO cyfaounHcTBa. L1 mpuHImMnm
BUKOHYIOTh (DYHKIIIIO IOPUAMYHOTO Oap’epa MPOTH CBABIILHOTO BTPYYAHHS JEP>KaBH
y TIpUBaTHE MXUTTA OCOOU, a OTHKE — CIYTYIOTh IHCTPYMEHTOM 3a0e3MeUeHHS
3aKOHHUX IHTEPECIB YYACHUKIB KPUMIHAIBHOTO MPOBAHKEHHS.

Jlo mepeniky mpoliecyaibHuX i Ta pimens, nependadennx KIIK Ykpainu, y
MeXax SKUX MOXIMBE BTPY4YaHHS y TMpPaBO Ha MHUPHE BOJOJIHHA MaiHOM,
BiTHOCUTHCS: HAKJIaJ€HHS TPOIIOBOTO CTATHEHHS, THUMYAacOBE BWJIYYCHHs MaifHa,
TUMYaCOBUH JOCTYN A0 pedeil 1 JOKYMEHTIB, TAMYAacOBE OOMEXEHHS Y KOPUCTYBaHHI
CHeIiaJIbHAM TIPaBOM; apemT MaifHa, 3acTaBa, OIJIAl, OOIIYK, BHJIyYEHHS MaifHa,
BUJIYYCHHSI pedeil 1 JOKYMEHTIB IiJl 4ac Ji3HAaHHA, OTPUMaHHS 3pa3KiB s
€KCIIepTU3H, apeliT, Orjs] 1 BHUIMKA KOPECHOHJEHIII; OOCTeXEeHHS myOIIYHO
HEJIOCTYITHUX MICIlb, XUTJA YW IHIIOrO BOJOMIHHS OCOOM; HErjacHe OTPUMAaHHS
3pa3KiB, HEOOXITHUX JIJIsi TOPIBHSUILHOTO JTOCIIIPKEHHST, BUTPEOYBaHHS Ta OTPUMaHHS
pedei, TOKyMEHTIB; BUPIIICHHS MUTaHb CTOCOBHO PEYOBHUX JIOKA31B y MOPSIKY 4. 6
ct. 100 KITIK Ykpaiau [6]. Kpim 3a3HaueHnX 3aX0/11B, AKi 0OMEXYIOTh MaifHOBI IpaBa
TpOMaJIsiH, Ha HaIly AYMKY, CJiJI BITHECTH BHECEHHS 3aCTaBH 1 3BE€pPHEHHS 3aCTaBH B
JOX1]T IepKaBH TOIIIO.
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B KOHTEKCTI BITYM3HSAHOI CYJOBOi MPAKTUKKA OCOOJIMBOI yBaru motpedye TepMiH
«MHUpHE BOJOJIHHS». TiyMadeHHsS 1IbOTO IMOJOXKEHHS K 3aXHCTy IpaBa BJIACHOCTI
OyJo 31iicHeHO €BponechbKuM cy1oM 3 TipaB Jioaunu. Cyz 3a3HaunB: « Buznarouu,
10 KO’KE€H Ma€ MpaBO MUPHO BOJIOJITA CBOIM MaiiHOM, CT. | y cBOiil cyTi 3a0e3neuye
paBo BJacHOCTI» [7].

[TopyiieHHSIM TaKOro «MHUPHOTO BOJOJIHHS», SKE HAJICKUTh (PI3UYHUM Ta
IOPUANYHUM 0c00aM, €, 1o CyTi, OyAb-siIKe BTpy4YaHHS y MPaBO BJIACHOCTI 3a3HAYEHUX
oci6. Came Take BTpy4aHHS Moke MaTu (opMmy TM030aBICHHS MOMJIMBOCTI
BUKOPHUCTOBYBaTH 00’€KTH, SIKI HAJEXaTh Ha IpaBl BIACHOCTI 3a3HAUYEHUM Oco0am,
HEHa/IaHHA nepeA0ayeHNX y 3aKOHOAABCTBI JO3BOJIIB, IHIIUX (POPM MEPEIIKOIKaHHS
peasnizarii mpasa BiacHocTi [8, c. 20].

[TpuHIIMTT MEPHOTO BOJIOAIHHS MaifHOM TOKJIaIa€ Ha JIep)KaBy HE JIUIIIE HETaTUBHE
3000B’s13aHHS YTPUMYBATHUCS B1J] OyAb-SIKHUX J1i, K1 MOKYTh OPYIIMTH IIPABO OCOOU
Ha BJIACHICTh, @ ¥ MO3UTUBHUI OOOB’A30K 3a0€3MeuyBaTH YMOBH, HEOOXITH1 IS
edeKTUBHOT peasizallii [boro npaBa. Takuil MiAXiJ BUILUIMBAE 3 000B’S3KY JAEpKaBU
rapaHTyBaTu KOKHOMY 1HIMBIAY, 10 TTepeOyBae il ii FOPUCTUKIIIEI0, BECh KOMILJIEKC
nmpaB 1 cBoOoj, 3akpimieHux y Pozgimi | KonBeniii mpo 3axucT npaB JIOAUHH 1
OCHOBOTIOJIOXKHHUX cB0OOS [9, c. 93].

Xoya 3acaja HEJOTOPKAHHOCTI JKHUTIIa YU 1HIIOTO BOJIOAIHHS OCOOM Ta 3acana
HEJIOTOPKAHHOCTI TpaBa BJIACHOCTI OJM3bKI 3a CBOEI IPABOBOIO IMPUPOAOI0, VY
KpPUMIHAJIbBHOMY TPOBA/P)KEHHI BOHU IEepe0yBalOTh y TICHOMY B3a€MO3B'SI3KY MIiX
coboro [10, c. 38].

Crarra 223 KIIK Ykpainu BH3Ha4ae, M0 HIXTO HE Ma€ IMpaBa NPOHUKHYTU O
KUTJA YW I1HIIOTO BOJIOAIHHA OCOOU 3 OyIb-SIKOIO METOI0, 1HAKIIE $K JIUIIEe 3a
JTOOPOBUIBHOIO 3r0JI0K0 0COOM, SIKa HUMHU BOJIOJi€, a00 HA MIJICTaBl YXBAJIU CI1Y0TO
CyJJii, KpiM HEBIAKJIAIHUX BUIMAJKIB [7].

3rajaHi TOJIOKEHHSI MPSMO KOPECHOHAYIOTh 13 KOHCTUTYIIIHHOI TapaHTIE
HEJIOTOPKAHHOCTI KHUTJIA.

®daktruuno, KIIK Ykpainu, po3kpuBatoun nojoxxkenHs Koncrutyinii, nependayae,
III0 MPOHUKHEHHS JI0 JKUTJa, OOIMYK Ta 1HII ciaigdl aii Mmoo MaiiHa MOXYTh
MIPOBOJIUTUCS BUKJIIOYHO Ha TiJCTaBl BMOTHMBOBAHOI yXBaJld CIIAYOTO CYJUI, IO €
KJIFOUOBUM MEXaHI3MOM 3a0€3IEeUYEHHS CYJI0BOTO KOHTPOJIIO Ta TapaHTIEIO 3aXUCTY
IpaBa BJIACHOCTI 0COOH BiJl HE3aKOHHOTO BTPYYaHHS.

3acaay HEJOTOPKAHHOCTI JKUTJIa MOKHA BU3HAUYMTH SIK CIICIiai30BaHy CKJIaJIOBY
O1IBIN 3arajibHOI 3acajgu HEAOTOPKAHHOCTI mpaBa BiacHOCTI. Y KoHTekcTi KIIK
VYKpaiHM  HEOTOPKAHHICTh  JKUTJIa  3a0e3MedyeTbcs  4Yepe3  BCTAHOBIICHI
3aKOHOJABCTBOM TMPOLIEAYPH, SKI mependadaroTh 000B’SI3KOBUM CYJIOBUM KOHTPOJIb
IT1]1 Yac MPOBEAEHHS CIITUUX A1 Y )KUTIOBUX MPUMIILICHHSX.

TakuM YUHOM, HEIOTOPKAHHICTH JKHUTJA € KOHKPETHHM BHSBOM 3aXHUCTy IpaBa
BJIACHOCTI, L0 BPaxOBY€ OCOOJIMBY COLIaJbHY 1 IPABOBY LIHHICTh KUTJIA, 1 CIIY>KUTb
JOJIATKOBHM TapaHTOM OXOPOHHM MaWHOBHX 1 OCOOMCTHUX TIpaB TPOMAISH Y
KpUMIHAJIbHOMY IPOLIECI.

CriBBITHONICHHSI IIMX 3acaj CBIIYHTH, 110 TMOPYIICHHS HETOTOPKAHHOCTI JKHUTIIA
a00 1HIIOTO BOJIOAIHHS 0COOM 3a3BUYall TATHE 3a COO00 OJTHOYACHE MTOPYIIICHHS MpaBa

88



LAW
INTERDISCIPLINARY DISCOURSE: THE LATEST THEORIES, IDEAS AND
DEVELOPMENTS

BrIacHOCTI. OCKUIBKH JKUTIO UM 1HIIE MaiHO mMepeOyBa€e y BIACHOCTI KOHKPETHOI
0coOu, MPOBEICHHS CI1TUuX A1l 0€3 BIAMOBIHOTO BMOTHBOBAHOTO CYOBOTO PIIIEHHS
(hakTHYHO OOMEXye MPaBO BJIACHOCTI 1 MOPYIIY€ MPUHITUII MUPHOTO BOJIOJIHHS
MaiHOM.

BucHoBkwu.

[IpaBo BiacHOCTI € (PyHIaMEHTAIbHUM 1 MPUPOJHUM TPABOM JIIOJUHHU, IO
rapaHTy€eThCS SIK HAIIOHAJIBHUM, TaK 1 MDKHApOJHUM MPaBOM. Y KPUMIHAJILHOMY
MIPOBA/PKCHHI BOHO BHUCTYMAa€ 00’ €KTOM OCOOJMBOTO 3aXHUCTy, OCKUIBKH Oyb-sKe
BTPYHaHHS Yy MaiiHOBY cdepy ocobu Mmae 6yT1/1 BUBO)XCHUM, 3aKOHHUM 1
3MIMCHIOBATHCS JIMIIE 32 HASBHOCTI MPABOBHUX MIACTaB Ta CyJAOBOTO KOHTPOJIIO.
HenoTtopkanHicTh MpaBa BIACHOCTI 3a0e3neduye MOpUANYHY Oe3meKy ocoow,
YHEMOKJIMBIIIOIOYM CBABUIbHE a00 HEMPOIOPIIiiiHE 0OMEKEHHS ii TpaB 3 00Ky OpraHiB
JIepKaBHOI BIIAJIN.

OgnuMm 13 crneuu(piyHUX TMPOSBIB 3aXUCTy IpaBa BIIACHOCTI € 3acaja
HEJIOTOPKAHHOCTI >KMTJa Ta 1HIIOTO BOJIOJIHHS OCOOW, IO Hajae I Kareropii
0CO0JIMBOI COIliabHOI Ta MPABOBOI 3HAYYIIOCTI. Y KPUMIHAIBHOMY MPOIEC] Il JBI
3acaii — HEJOTOPKAHHICTh BJIACHOCTI M KUTJIa — MepedyBalOTh Y HEPO3PUBHOMY
B32€MO3B’S3KY: MOPYIIEHHS OJIHIET MaiKe 3aBK/I1 TATHE 32 COO0I0 BTPYUYaHHS B 1HIILY.

Takum ynHOM, edeKTUBHE 3a0€3MeUeHHs] HEIOTOPKAHHOCTI MpaBa BJIACHOCTI Ta
KUTJIA B MEXaX KPUMIHAJIBHOTO MPOBAIKEHHS € KIFOYOBUM 1HCTPYMEHTOM 3aXUCTY
IIpaB Ta IHTEPECIB YYACHUKIB KPUMIHAJIBHO MPOBAKEHHS.
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Abstract. Patients with advanced atherosclerosis who undergo major abdominal
surgery are especially vulnerable because of their high burden of cardiovascular
comorbidity, reduced vascular reserve, and limited capacity to tolerate perioperative
hemodynamic disturbances. Intraoperative hypotension, insufficient tissue perfusion,
and fluid imbalance are major contributors to postoperative complications, longer
hospital stays, and increased mortality. As a result, modern perioperative care
increasingly emphasizes individualized strategies to preserve adequate oxygen
delivery and organ perfusion throughout surgery.

Goal-Directed Therapy (GDT) has emerged as an important approach to
hemodynamic optimization, relying on continuous assessment of cardiovascular
function and targeted interventions such as fluid administration, vasoactive
medications, and inotropic support. By using dynamic hemodynamic parameters
instead of traditional static indicators, GDT allows earlier recognition and correction
of circulatory disturbances, thereby reducing the risk of tissue hypoperfusion. Recent
clinical evidence suggests that GDT may improve postoperative outcomes, particularly
in patients with elevated cardiovascular risk undergoing major non-cardiac surgery.

This review examines current evidence on the role of perioperative Goal-Directed
Therapy in patients with advanced atherosclerosis undergoing abdominal surgery.
Particular attention is given to its effects on postoperative cardiovascular events, acute
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kidney injury, infectious complications, length of hospital stay, and overall recovery.
The available data indicates that individualized hemodynamic management may
reduce postoperative morbidity and support better perioperative outcomes in this high-
risk surgical population.

Keywords: Goal-Directed Therapy, perioperative hemodynamic optimization,
atherosclerosis, abdominal surgery, postoperative complications, tissue perfusion,
fluid therapy, cardiovascular risk, enhanced recovery, perioperative medicine.

Introduction. The increasing life expectancy of the population and the widespread
prevalence of systemic atherosclerosis have led to a steady rise in the number of high-
risk patients requiring major abdominal surgery. In this group, atherosclerotic lesions
rarely remain confined to a single vascular territory and frequently involve the
coronary, carotid, renal, and peripheral arterial beds simultaneously. Such patients
often present with limited cardiovascular reserve and reduced adaptive capacity,
making them particularly susceptible to perioperative circulatory disturbances and
subsequent organ dysfunction [1,2].

Maintenance of adequate tissue perfusion during surgery remains one of the
principal determinants of postoperative recovery. Even transient episodes of arterial
hypotension may compromise oxygen delivery to vulnerable organs, especially in
individuals with chronic vascular insufficiency. Myocardial injury, acute kidney
injury, pulmonary complications, and infectious events continue to contribute
substantially to postoperative morbidity following abdominal procedures, despite
ongoing improvements in surgical techniques and perioperative care pathways [1,3].

For many years, intraoperative fluid administration was guided predominantly by
conventional physiological variables such as blood pressure, heart rate, urine output,
and central venous pressure. Although these indicators remain clinically useful, they
provide limited information regarding the actual adequacy of cardiac output and tissue
oxygen transport. This limitation becomes particularly relevant in patients with
advanced atherosclerosis, where vascular stiffness and impaired autoregulatory
mechanisms may obscure early signs of inadequate perfusion [3,4].

The development of modern hemodynamic monitoring technologies has expanded
opportunities for individualized perioperative management. Dynamic parameters
reflecting preload responsiveness and cardiac performance allow clinicians to assess
the functional state of the circulation more accurately than static measurements alone.
Within this framework, Goal-Directed Therapy has evolved as a structured approach
aimed at achieving predefined hemodynamic targets through tailored administration of
fluids, vasopressors, and inotropic agents according to the patient's physiological
response [4,5].

Evidence accumulated over recent years suggests that optimization of cardiac
output and oxygen delivery during major surgery may favorably influence
postoperative outcomes. Several systematic reviews and multicenter studies have
reported lower rates of postoperative complications, reduced incidence of organ
dysfunction, and shorter hospital stays among patients managed with goal-directed
hemodynamic strategies when compared with conventional perioperative care [2,5,6].
These findings have stimulated growing interest in the role of individualized
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circulatory management in populations characterized by particularly high perioperative
risk.

The concept of perioperative care has gradually shifted from correction of overt
hemodynamic instability toward prevention of tissue hypoperfusion before clinical
deterioration becomes apparent. This paradigm aligns with current enhanced recovery
programs and contemporary recommendations advocating personalized hemodynamic
monitoring in major non-cardiac surgery [7,8]. Nevertheless, patients with extensive
atherosclerotic disease represent a distinct clinical population in whom impaired
vascular function may modify both the physiological response to surgery and the
effectiveness of therapeutic interventions. Evaluation of Goal-Directed Therapy in this
setting therefore remains an important area of perioperative research.

Materials and Methods. This study was conducted as a systematic literature
review evaluating the impact of perioperative Goal-Directed Therapy (GDT) on
postoperative outcomes in high-risk patients with advanced atherosclerosis undergoing
abdominal surgery. A literature search was performed in PubMed/MEDLINE, Scopus,
Web of Science, and Cochrane Library databases for publications published between
2020 and 2026. The search included terms related to Goal-Directed Therapy,
hemodynamic optimization, abdominal surgery, atherosclerosis, cardiac output
monitoring, fluid therapy, and postoperative complications.

Eligible studies included randomized controlled trials, prospective observational
studies, systematic reviews, meta-analyses, consensus statements, and clinical
guidelines involving adult patients undergoing major non-cardiac abdominal surgery.
Publications focused on cardiac surgery, pediatric populations, animal studies, case
reports, and duplicate datasets were excluded.

After screening titles, abstracts, and full texts, data on study design, patient
characteristics, hemodynamic monitoring methods, GDT protocols, and postoperative
outcomes were extracted and analyzed. Particular attention was given to cardiovascular
complications, acute kidney injury, pulmonary complications, infectious morbidity,
length of hospital stay, and mortality.

Results. The reviewed studies indicate that perioperative hemodynamic
optimization has a substantial effect on postoperative outcomes in patients undergoing
major abdominal surgery. These benefits were most pronounced in individuals with
severe cardiovascular comorbidity, including coronary artery disease, peripheral
arterial disease, cerebrovascular atherosclerosis, and chronic renal impairment, in
whom even brief periods of inadequate tissue perfusion may lead to clinically
significant organ dysfunction [9—-12].

A consistent finding across recent studies was the ability of Goal-Directed Therapy
to reduce both the frequency and duration of intraoperative hypotension. Patients
managed according to predefined hemodynamic targets maintained more stable cardiac
output and mean arterial pressure throughout surgery. Continuous assessment of stroke
volume responsiveness enabled clinicians to distinguish true hypovolemia from
vasodilation-related hypotension and to administer fluids more selectively. This
strategy reduced unnecessary volume loading while maintaining adequate organ
perfusion during critical phases of the procedure [10,12,13].
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Preservation of renal function was one of the most consistently reported advantages
of individualized hemodynamic management. Acute kidney injury remains among the
most frequent complications after major abdominal surgery and is especially common
in patients with generalized atherosclerosis because of pre-existing impairment of renal
blood flow. Studies included in this review showed that maintaining adequate cardiac
output and avoiding prolonged hypotension were associated with smaller postoperative
increases in creatinine and a lower incidence of acute kidney injury [9,13,16]. In
several cohorts, patients treated with GDT required less postoperative renal support
and demonstrated faster recovery of renal function during the early postoperative
period [16].

Cardiovascular complications accounted for a substantial proportion of
postoperative morbidity in the analyzed population. During extensive abdominal
procedures, myocardial oxygen supply-demand imbalance may develop as a result of
blood loss, inflammatory activation, vasodilation, and fluctuations in intravascular
volume. Studies evaluating cardiac output-guided therapy reported fewer perioperative
ischemic events and lower rates of myocardial injury in patients receiving
individualized hemodynamic management [10,11]. These findings likely reflect better
preservation of coronary perfusion pressure and more effective prevention of
prolonged systemic hypoperfusion [17].

The benefits of GDT extended beyond stabilization of macrocirculatory
parameters. Several studies emphasized the importance of preserving microcirculatory
blood flow and tissue oxygen delivery, particularly in organs that are highly vulnerable
to ischemic injury. Optimization of stroke volume and oxygen transport was associated
with improved lactate clearance and a lower incidence of postoperative organ
dysfunction. This relationship was especially evident in older patients and in those with
diffuse atherosclerotic disease, whose compensatory circulatory mechanisms are often
significantly impaired [10,17].

Pulmonary outcomes also appeared to improve when perioperative fluid therapy
was guided by dynamic hemodynamic parameters. Conventional fluid strategies may
lead either to occult hypovolemia or to excessive fluid accumulation, both of which
can adversely affect respiratory function after abdominal surgery. The studies reviewed
showed that individualized fluid management reduced the incidence of pulmonary
edema, postoperative hypoxemia, prolonged oxygen dependence, and respiratory
complications requiring intensive care support [13,20]. Avoiding unnecessary fluid
administration helped preserve pulmonary gas exchange and facilitated earlier
postoperative mobilization [20].

Several publications also reported favorable effects on infectious morbidity.
Surgical site infections, intra-abdominal infectious complications, and anastomotic
failure remain major determinants of prolonged recovery after gastrointestinal surgery.
Improved tissue perfusion achieved through hemodynamic optimization was
associated with better oxygen delivery to healing tissues and more favorable conditions
for immune function. Consequently, lower rates of wound complications and
postoperative infections were observed in patients managed with GDT-based protocols
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[10,14]. Although the underlying mechanisms are likely multifactorial, preservation of
microvascular perfusion appears to play a central role in this association [14].

Large multicenter studies in gastrointestinal surgical populations demonstrated
reductions in overall postoperative morbidity when Goal-Directed Therapy was
incorporated into perioperative care pathways. Composite outcome measures
commonly included cardiovascular events, respiratory complications, acute kidney
injury, infectious complications, and unplanned admission to intensive care. Across
these studies, individualized hemodynamic management was associated with a lower
cumulative burden of postoperative complications than conventional treatment
approaches [10—-12].

The effect on recovery-related outcomes was equally noteworthy. Patients
receiving goal-directed management generally achieved key postoperative milestones
earlier, including restoration of gastrointestinal function, mobilization, and transition
to oral nutrition. Several authors also reported shorter hospital stays and lower rates of
delayed discharge related to postoperative complications [14,18]. These observations
suggest that the benefits of optimized tissue perfusion extend beyond immediate organ
protection and may positively influence the overall course of postoperative recovery.

Recent consensus statements and expert recommendations emphasize that modern
Goal-Directed Therapy should not be regarded merely as a fluid strategy.
Contemporary protocols integrate dynamic assessment of preload responsiveness,
continuous cardiac output monitoring, targeted arterial pressure control, and
individualized use of vasoactive agents [15,17,19]. The greatest benefit appears to be
achieved when these components are applied as part of a coordinated hemodynamic
strategy rather than as isolated interventions.

Overall, the available evidence suggests that perioperative Goal-Directed Therapy
promotes greater intraoperative hemodynamic stability and reduces the incidence of
clinically significant postoperative complications. The most consistent benefits include
lower rates of acute kidney injury, cardiovascular events, pulmonary complications,
infectious morbidity, and overall postoperative morbidity, together with faster recovery
and more efficient use of hospital resources [9-21].

Discussion. The findings of the present review indicate that perioperative Goal-
Directed Therapy has a clinically meaningful role in the management of high-risk
patients with advanced atherosclerosis undergoing major abdominal surgery. The
observed reduction in postoperative complications appears to be closely related to
improved maintenance of organ perfusion during periods of significant physiological
stress. This 1s particularly important in patients with diffuse vascular disease, where
chronic endothelial dysfunction, reduced arterial compliance, and impaired
autoregulatory capacity substantially narrow the margin between adequate perfusion
and tissue ischemia [1,4,17].

One of the central observations emerging from recent studies is that conventional
hemodynamic parameters do not always reflect the actual adequacy of systemic oxygen
delivery. Arterial pressure may remain within acceptable limits despite a reduction in
effective cardiac output and progressive tissue hypoperfusion. In patients with severe
atherosclerosis, this discrepancy may be even more pronounced because compensatory
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vasoconstriction can mask developing circulatory insufficiency. Dynamic monitoring
of stroke volume and cardiac output therefore provides a more physiologically relevant
basis for therapeutic decision-making than isolated assessment of blood pressure or
heart rate alone [3,4,15].

The beneficial effect of GDT on postoperative renal outcomes deserves particular
attention. Renal hypoperfusion is often one of the earliest consequences of
perioperative hemodynamic instability, especially in elderly patients with
atherosclerotic involvement of the renal vasculature. The reduction in acute kidney
injury reported across several contemporary studies reflects improved preservation of
renal blood flow achieved through timely correction of preload deficits and avoidance
of prolonged hypotension [9,13,16]. From a practical anesthesiology perspective,
prevention of even mild postoperative renal dysfunction is highly relevant, as transient
kidney injury has been associated with increased mortality and prolonged recovery
long after hospital discharge.

The reduction in cardiovascular complications observed in GDT-treated patients is
also physiologically plausible. Major abdominal surgery is accompanied by substantial
fluctuations in intravascular volume, inflammatory activation, and increased
myocardial oxygen demand. Patients with coronary atherosclerosis frequently have
limited ability to augment coronary blood flow in response to these changes.
Maintaining adequate cardiac output and perfusion pressure throughout the
perioperative period may therefore reduce the likelthood of myocardial oxygen
imbalance and perioperative ischemic injury [10,11,17]. This mechanism may explain
why several studies demonstrated lower rates of postoperative cardiac events despite
relatively small differences in traditional hemodynamic measurements.

An important aspect highlighted by recent evidence is the relationship between
fluid administration and postoperative pulmonary function. Historically, liberal fluid
replacement was often used to minimize concerns regarding hypovolemia. However,
growing evidence suggests that excessive fluid loading contributes to interstitial
edema, impaired pulmonary gas exchange, and delayed postoperative recovery [13,20].
Goal-Directed Therapy appears to offer a more balanced strategy by identifying
patients who are likely to benefit from additional fluid administration while avoiding
unnecessary volume expansion in those who are not fluid responsive. This distinction
is particularly valuable in elderly patients with coexisting cardiac dysfunction and
reduced vascular compliance.

The lower incidence of infectious complications reported in several investigations
may initially appear less directly connected to hemodynamic management.
Nevertheless, adequate microcirculatory perfusion plays a fundamental role in tissue
oxygenation, wound healing, and immune competence. Gastrointestinal anastomoses,
surgical wounds, and areas exposed to extensive tissue manipulation are especially
sensitive to oxygen delivery disturbances. Optimization of systemic circulation may
therefore create more favorable conditions for postoperative tissue repair and
contribute to lower rates of infectious morbidity [10,14].

At the same time, the available evidence highlights several limitations that should
be considered when interpreting the reported benefits of Goal-Directed Therapy.
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Considerable variability exists among published protocols with respect to monitoring
technologies, hemodynamic targets, fluid selection, and vasopressor use [2,5,17].
Consequently, the term “Goal-Directed Therapy” encompasses a heterogeneous group
of interventions rather than a single standardized treatment strategy. Differences in
patient populations and surgical procedures further complicate direct comparison
between studies.

Another important consideration is that successful implementation of GDT
depends not only on the monitoring device itself but also on appropriate interpretation
of hemodynamic data and timely therapeutic intervention. Advanced monitoring
cannot compensate for delayed clinical decision-making or inadequate understanding
of cardiovascular physiology. The greatest benefits appear to be achieved when
hemodynamic optimization is incorporated into a broader perioperative care pathway
involving careful risk stratification, multimodal monitoring, and enhanced recovery
principles [15,18,19].

Overall, current evidence supports the concept that individualized hemodynamic
management should be regarded as an integral component of perioperative care for
patients with advanced atherosclerosis undergoing major abdominal surgery. Rather
than focusing exclusively on correction of hypotension, contemporary Goal-Directed
Therapy seeks to preserve effective tissue perfusion and oxygen transport throughout
the operative period. This shift from reactive treatment to physiological optimization
may explain the consistent reductions in postoperative organ dysfunction observed
across recent studies and provides a rational foundation for wider implementation of
hemodynamic optimization strategies in high-risk surgical populations [10,17,21].

CONCLUSION

Patients with advanced atherosclerosis undergoing major abdominal surgery
represent a population at particularly high risk for perioperative organ dysfunction and
postoperative complications. The findings of this review indicate that Goal-Directed
Therapy contributes to more precise hemodynamic management through
individualized optimization of cardiac output, tissue perfusion, and oxygen delivery
during the perioperative period.

Current evidence demonstrates that the use of goal-directed hemodynamic
strategies is associated with lower rates of acute kidney injury, cardiovascular events,
pulmonary complications, and infectious morbidity, while also facilitating
postoperative recovery and reducing hospital stay. Integration of dynamic
hemodynamic monitoring into perioperative care may therefore improve clinical
outcomes in high-risk surgical patients and should be considered an important
component of contemporary abdominal surgery and anesthesiology practice.
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Background: At the forefront of modern approaches to higher medical education
should be the practical application of acquired knowledge based on innovative teaching
methods in fundamental medical and biological disciplines, as well as a high level of
student engagement in independent learning and continuous professional development
[2]. The problem of the relationship between morphological ideas about human health
and illness, folk and scientific medicine, is one of the problems that constantly bother
the human mind and require rational and logical analysis and disclosure of the
connections between them. According to Chaikovsky et al. [1], the challenges of
modern histology are related to two aspects: 1) histology as a subject of teaching in
medical universities; 2) histology as a rapidly evolving scientific discipline. The first
requires the creation and implementation of new curricula, new-generation textbooks,
interactive courses, and objective methods for assessing knowledge and practical skills.
In the coming years, the teaching of histology, like many other disciplines, will be
based on the use of augmented reality. Ultimately, it is necessary to formulate a concept
of clinical histology that will complement the classical teaching of the subject and
increase student motivation. The second aspect is associated with the rapid
development of genetic engineering, cellular and omics technologies, immunology,
molecular and structural biology, as well as computational ("dry") biology, all of which
rely heavily on microscopy as a fundamental histological research tool [1].

Aim: To stimulate and support students’ personal development, enhance their
responsibility for acquiring high-quality fundamental knowledge, and foster sustained
interest in their future medical profession.

Results: One of the key factors in improving the quality of higher medical
education is the enhancement of students’ independent learning through the application
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of diverse teaching methods and educational technologies [2]. Based on our teaching
experience and analysis of the relevant literature, the selection of problem-based topics
should be agreed upon by both teachers and students. Competency development should
be viewed as a creative process supported by innovative educational technologies that
enhance learning efficiency and quality while creating favourable pedagogical
conditions for students’ adaptation to the educational environment.

Our experience has demonstrated that:

1. Problem-based and integrated teaching methods are particularly effective when
combined with professionally oriented educational content throughout all stages of the
learning process. This approach enhances cognitive activity, facilitates the
understanding of fundamental concepts, promotes independent learning, and
contributes to the development of positive motivation toward both academic study and
professional skill acquisition.

2. Problem-based learning promotes productive thinking that is progressively
guided by teachers or students themselves through structured educational programmes,
including computer-assisted learning and tutorials. This method stimulates intellectual
engagement, encourages creativity, and increases student interest during lectures and
practical classes.

3. The implementation of research-based learning methods provides several
educational benefits: a) students actively explore medical correlations described in the
scientific literature; b) cognitive activity and understanding of fundamental concepts
are enhanced; c¢) independent learning skills are strengthened; and d) positive
motivation toward lifelong learning and professional development is fostered. These
outcomes are particularly important for the continuous professional development of
future physicians.

Conclusions: A differentiated educational approach incorporating problem-
oriented learning, independent study, and consideration of students’ psychological
characteristics can significantly improve knowledge acquisition and practical skills
development. Such approaches facilitate students’ adaptation to the educational
environment, promote the formation of clinical thinking, and enhance communication
competencies. Furthermore, the implementation of research-based learning methods
stimulates and supports students’ personal development, increases their responsibility
for the quality of their fundamental knowledge, and strengthens their motivation for
future professional medical practice.
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Relevance
The relevance is associated with the task of creating effective approaches for

visualization and analysis of large arrays of biomedical data describing the dynamics
of the pulse wave. Since the direct interpretation of such volumetric matrices is
difficult, the development of specialized software tools becomes critically necessary
for the automation of cardiac cycle studies in modern biomedical engineering.

Aim of the Work
The aim of the work is the creating a specialized information system that transforms

complex biomechanical simulations into a tool understandable to a practicing
physician..

Research Tasks

To achieve the stated aim, the following tasks must be addressed:

1.Implement an algorithm for generating theoretical pulse waves.

2.Provide import and preliminary filtering of experimental data sets.

3.Develop a module for calculating local hemodynamic indices.

4.Integrate a system for generating reports.

Scientific Novelty

The development of an information system for interactive modeling and analysis

of biomechanical deformations of the aorta is presented. The application allows you to
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automate the processing of complex simulation data, transforming them into visual
clinical indicators of the state of the vascular system.

Practical value and prospects for the development of the system: determined by
clinical significance for personalized medicine.

Preoperative planning: Optimization of the choice of the type and size of prostheses
in reconstructive surgeries (TEVAR, Bentall) based on individual patient parameters.

Risk stratification: Objective risk assessment in patients with congenital
malformations (BAV) and connective tissue pathologies (Marfan syndrome).

Early diagnosis: Fixation of aortic wall remodeling at stages when visual changes
are not yet visible on ultrasound or MRI.

Development prospects consist in expanding the base for Integration of new
clinical cohorts to create reference ("gold") stretch profiles for different age groups.

Further calibration of the model 1s possible based on in vivo data (4D Flow MRI
and speckle tracking echocardiography).

Methods and Materials Used

1. Programming Language: Python Chosen for its high performance in scientific
computing and large library ecosystem [1].

2. Graphical User Interface: Tkinter

3. Data Computing: NumPy and SciPy: matrix computing, statistical analysis,
spatial interpolation, and hardware extreme detection

4. Data Processing and Visualization Modules: Pandas: fast import, parsing, and
validation of large matrices (Excel/CSV). Matplotlib: generation of interactive 2D
slices and construction of 3D space-time surfaces.

1. Flexible mathematical modeling: Introduction of own analytical formulas of
pulse waves in real time. Support of complex nonlinear models (sums of logistic or
decaying trigonometric functions). 2. Iterative analysis module: Automatic
construction of a "family of curves" by stepwise change of the selected biophysical
parameter (amplitude A, decay K, etc.). Visualization of gradual development of
pathological states of the vessel wall. 3. Data calculation: NumPy and SciPy: matrix
calculations, statistical analysis, spatial interpolation, as well as hardware detection of
extrema/ 4. Physiological scaling: Flexible setting of the duration of the cardiac cycle.
Simulation of continuous blood flow through cyclic repetition of oscillations [2].

Conclusions

1. An algorithm for generating theoretical pulse waves has been developed and
implemented. This creates a reliable basis for comparative analysis and verification of
real physiological signals, allowing pathological deviations to be identified at the
modeling stage. Experimental data preparation

2. A toolkit has been created for importing and pre-filtering "raw" data arrays. The
implemented algorithms for cleaning signals from noise and artifacts ensure high
reliability of the input information, which is critically important for further analytics.
Analytical module

3. A module for calculating local hemodynamic indices has been developed, which
allows automating the process of calculating key parameters of the cardiovascular
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system. This significantly increases the accuracy of assessing the patient's condition
compared to manual analysis methods. Integration and automation

4. A reporting system has been integrated, which systematizes the obtained
calculated data and modeling results. This allows the user to receive structured, easy-
to-interpret information, which significantly reduces the time for preparing
conclusions.
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Relevance

The spatiotemporal profile of forces acting on blood flow in the aorta is determined
by the balance of five classes of forces: pressure, viscosity, inertia, gravity, and
centrifugal. Each of them has its own spatial localization and phase relationship to the
cardiac cycle. Modeling this force field is fundamental for understanding the
endothelium, localizing wall vulnerability, and predicting the risk of dissection in
aortopathy and aneurysmes.

Disadvantages of existing theoretical approaches: most classical models take into
account only the pressure force and viscous wall shear. In this case, inertial, gravity,
and centrifugal forces, which have comparable or higher amplitudes in curved
segments and the aortic arch, are systematically ignored [1, 2].

Practical value: calculation of a detailed spatiotemporal force profile allows
identifying “hot spots” of mechanical destruction and stress concentration, which is
critically important for preventive surgical intervention for aneurysms and congenital
aortic pathologies.

Aim of the Work

The aim of the work is to increase the accuracy of calculating the forces acting on
blood flow in actively elastic vessels.
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Research Tasks

1. Analyze methods for describing the physiology of blood flow, existing models,
and justify the transition to an extended model taking into account the active reaction
of the vessel walls.

2. Build a mathematical model for calculating the spatiotemporal field of forces
acting during blood flow through an elastically active arterial.

3. Develop an information system for automating calculations and conducting
numerical experiments.

4. Generate data sets and calculate related quantities based on spatiotemporal
fields: stresses, inertial, gravitational and centrifugal forces, friction forces, and
dimensionless parameters.

5. Conduct numerical experiments and verify the developed mathematical model.

Scientific Novelty

The influence of the activity of the arterial vessel wall on the spatiotemporal
distribution of forces acting on blood flow in the human aorta was investigated by
means of biophysical modeling. The activity of the vessel was considered not as
passive elasticity, but as an independent source of mechanical work: the energy
released during the restoration of the tone of the smooth muscle layer (NO-dependent
endothelial reaction) is added to the heart impulse in the same way as the electromotive
force is added to the voltage in an electric circuit. Three quantities are in the focus of
consideration: the longitudinal force Fz, the transverse (centripetal) force Fr, and the
viscous dissipation force Fdis.

Direct measurements of forces in the living human aorta are technically and
ethically limited, and it is advisable to extend the simulations: introducing an activity
parameter into patient-specific models with Windkessel boundary conditions and a
compliant wall, varying the activity level to reproduce age-related stiffness and
endothelial dysfunction, and testing the sensitivity of longitudinal and transverse forces
to the geometry of the aortic arch. This is also a non-invasive clinical validation in
humans: comparing model velocity profiles with experimental data in healthy
individuals of different ages and in patients with reduced wall activity. This approach
is intended to test the concept of an active aorta in non-invasive experiments, and at
the same time forms a quantitative basis for assessing the risk of dissection and
aortopathies.

Methods and Materials Used

The Python programming language was chosen for the software implementation
due to its powerful mathematical apparatus and visualization capabilities.

Conclusions

Methods for describing the physiology of blood flow and existing models were
analyzed and the feasibility of transitioning to an extended model taking into account
the active reaction of the vessel walls was substantiated [3].

A mathematical model was built to calculate the spatiotemporal field of forces
acting during blood flow through an elastically active arterial vessel depending on the
blood flow parameters. A mathematical model was built to calculate the spatiotemporal
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field of forces acting during blood flow through an elastically active arterial vessel
depending on the blood flow parameters.

Basic data sets were formed and all related quantities were calculated based on the
calculated spatiotemporal fields: stresses, inertial, gravitational, centrifugal forces,
friction forces and corresponding dimensionless parameters.

A set of numerical experiments was conducted, the results of which fully verified
the developed mathematical model, confirmed its adequacy and high computational
speed.

References

1. Malek, A. M., Alper, S. L., & Izumo, S. (1999). Hemodynamic shear stress and
its role in atherosclerosis. JAMA, 282(21), 2035-2042.

2. Vorp, D. A. (2007). Biomechanics of abdominal aortic aneurysm. Journal of
Biomechanics, 40(9), 1887-1902.Maxim Integrated. MAX30102 Pulse Oximeter and
Heart-Rate Sensor Datasheet.

3. Figueroa C. A., Taylor C. A., Marsden A. L. Blood Flow // Encyclopedia of
Computational Mechanics. - John Wiley & Sons, Ltd, 2017.

107



MEDICINE
INTERDISCIPLINARY DISCOURSE: THE LATEST THEORIES, IDEAS AND
DEVELOPMENTS

CYYACHI BUKJIMKHU TA OCOBJIMBOCTI
MNPODIJIAKTUKU 1 JIIKYBAHHSA AB/IOMIHAJIBHOT'O
KOMITAPTMEHT CUHAPOMY

Slonetskyi Borys

Doctor of Sci (Med), Professor
Department of surgery of dentistry faculty
Bogomolets National Medical University
Kiev, Ukraine

Verbitskiy Igor

Doctor of Sci (Med), Professor

Department of emergency

Shupyk National Healthcare University of Ukraine
Kiev, Ukraine

Slonetska Liliia

Head of Diagnostic Research Department

Kyiv City Center for Radiation Protection of the Population
Kiev, Ukraine

JluHaMI4H1 3M1HU BiJl BIPOBA/KEHHS CYyYaCHUX TEXHOJIOT1H Yy KIIIHIYHY IPAKTUKY
BCE OUIbIlIe PO3KPUBAIOTH MOKJIMBOCTI MOUIYKY HOBUX MPUHLMIIB YU MIIXOIIB 10
1HTeprpeTalii OTPUMaHUX PE3yJibTaTiB, a TaK0X PO3IIMPIOIOTH MOMXJIHBOCTI 0
MONIYKY HOBUX HAMNpPSIMKIB MPO(MITAKTUKU UM JIIKYBAaHHS YPT€HTHUX XIPypridHUX
3aXBOPIOBaHb OpPraHiB 4YepeBHOI mopokHUHU [1]. be3ymoBHO Haa3BHUYaMHOTO
3HauYCHHS HaOyBa€ ynMalia HU3Ka SIK Cy0’ €KTUBHUX YU 00’ €KTHUBHUX (haKTOPIB, KOTPI
OTOCEPEAKOBAHO YK O€3MOCEPETHBO MPU3BOISATH /10 BAHUKHEHHS 1HTPaad0MiIHAIBHOT
rinepTeH3ii Y1 HaBiTh a0OMIHAIBLHOTO KOMIAPTMEHT CHHIPOMY B 3aJIe)KHOCTI Bijl
¢da3u mepediry maToJIOTIYHOTO MPOLIECY B YMOBAaX BUPAKEHOCTI KOMOPOIIHOCTI 4u
CHUCTEMHOI CyOKOMIIEHCallll Y¥ HaBITh JIEKOMIIeH carlli [2,3].

Merta gocJiKeHHs] — CUCTEMAaTHU3yBaTH Ta 3alpPONOHYBATH OCHOBHI HANpPSIMKU
MPOQUIAKTUKH 1 JTIKYBaHHS a0JIOMIHATBHOTO KOMIAPTMEHT CUHJIPOMY.

Marepiaiu Ta MeToam aocjiakeHHsi. B ocHOBY po3poOku Ta cucremaru3anii
MPIOPUTETHUX HANIPSIMKIB TPO(PIIAKTUKY 1 JIIKYBaHHS a0OMIHAIbHOTO KOMIApPTMEHT
CUHAPOMY TOKJIQJCHUN KIIHIYHUN aHami3 JiKyBaHHS 2348 NalieHTIB 3 TOCTPOIO
XIpypTi4HOIO TIATOJIOTI€I0 OPTaHiB YEPEBHOI MOPOKHUHU B XIPYPTiYHUX BIIIUICHHSIX
B 2024-2025 pokax.

Pe3yabTaTH 10caixKeHHA. AHAII3 TITEpaTypPHUX JHKEPE Ta pe3yIbTaTH BIACHUX
nociimxkeHs [4,5,6,7] oOrpyHTYBaiM HEOOXIAHICTH MIOJI0 CHUCTEMaTu3alli Ta
PO3MOALTY TEPEIyMOBIIOIOUNX (AKTOPIB Ta HANMPSAMKIB TPODIUIAKTHKHA CHHIPOMA
1HTpaabIoOMiHATBHOI TiMEpTeH31i, a 3a YMOBH WOTrO HEraTHBHOTO IMPOTPECYBAHHS
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CHUCTEMAaTHU3yBaTH OCHOBHI MPUHIIMITU Ta MiAXOAU 10 MaTOT€HETUYHO 0OTPYHTOBAHOTO
NPOBEJICHHSI KOMIUIEKCHOTO JIIKYBaHHSI a0JIOMIHAJIbHOTO KOMIAPTMEHT CHHAPOMY.
3aranpHl NPUHLOUANKA ~ KOPEKIIi CHHApOMA IHTPAaaOJOMIHAIBHOI — TiNepTeHs3ii,
npodiIaKTUKKA YH JTIKyBaHHS a0IOMIHAIIBHOTO KOMIAPTMEHT CHHAPOMY MPOBOASATHCS
Ha CydyacHOMY €Tami, 1110 HalMeHIle B 2 OCHOBHUX HampsMmkax: [) kopekiis Ta
JKYBaHHS OPTaHHUX MOPYIIEHb, BAKJIUKAHUX SIK OCHOBHUM MATOJIOTTYHUM MPOIIECOM
TaK 1 CHHIPOMOM 1HTpaa0joMiHalbHOI TineptenHsii; Il)kopekiiss Ta iKyBaHHS
6e31mocepeIHHOT0 MPOTPECYIOUOTO MiIBUILIEHHS BHY TPIIITHHOYEPEBHOTO THCKY.

Cepen 3axoiB cripsIMOBaHUX Ha ) — KOpeKIIito Ta JIKyBaHHS OpraHHHUX MMOPYIICHb,
BUKIIMKAHUX SIK OCHOBHUM TMaTOJIOTIYHUM TMPOIECOM TaK 1 CHHAPOMOM
1HTpaabOMIHANBHOI TIMEPTEeH31l BUAUIIEMO: 1) CENEeKTHBHY MAaTOT€HETUYHO
OOTpyHTOBaHY OpraHO-TKaHMHY PECYCIUTallil0; 2) KOPEKIi0 EeHJI0TeIlalbHOl
IUucyYHKII, NUIIXOM 3aCTOCOBYBaHHS IIOHAaWMEHILE MpEernapaTiB T'iIPOKCUETUIICH-
KpaxMaiio (BOHHM MOMNEPEKAIOTh PO3BUTOK CHUHAPOMY IMIIBUILIEHOI MPOHUKIUBOCTI
KamuisipiB, 3HUXKYIOTh KUIBKICTh HHUPKYJIIOIOUUX MOJICKYJ ajresii, sKi MOXYTb
BUKJIMKATH BTOPUHHE MOIIKOKEHHS €HJIOTEINII0), TIIyTapriny (MiCTUTh TIIyTaMiHOBY
KHCJIOTY Ta apriHiH, KOTPUH € TOHATOPOM OKCHJY a30TY - EHAO0TENHPO3CIa0I0040ro
dakTopa, 1m0 3a0e3neuye HOpMaTi3alilo CUCTEMH MIKPOIUPKYJIAILIi), COpOLIaKT Ta
peocopOiTakT (MICTATH COpOIT, SAKUM € JKepeloM eHeprii); 3) pecmipaTopHa
HIATPUMKA — LUIIXOM Y3TOJUKEHOI KOHIEMIII MPOTEKTUBHOI BEHTWUJISLIT 3 METOIO
3anmo0iraHHsl JI0JaTKOBOTO TMOIIKOJ/KEHHS JIETEHb 3 CEJEKTUBHHUM Mi00pOM
ONTUMAJBHOTO TO3UTUBHOTO THUCKY B KIHII BHUIUXY, IO MPOBOAUTHCS 3 METOIO
30UTbLIEHHS (DYHKIIIOHAJIbHO aKTUBHUX aJIbBEOJI 3a PAXyHOK KOJIa00OBaHUX Oa3aibHUX
cermeHTIB. [Ipu BIACYTHOCTI eeKTy BiJ MPOBENCHHUX 3aXOJ1B HEOOXIAHUI MepeBi
Maii€eHTa Ha M[ITY4YHY BEHTWIAIIID JEreHb 3 OOOB'I3KOBUM BUKOPUCTAHHSIM
MIOPEJIAKCAHTIB (J103BOJISIE MAKCUMAJIbHO 3MEHIIIUTH PE3UCTEHTHICTh YEPEBHOT CTIHKH
3a paxyHOK Miopenakcaiii). B 3amexxHoCTi BiJ NpPOSBIB CUHIPOMY IOJIOPTaHHOI
muchyHKIIi  HEOOXIHO  MPOBOAMTH  OPraHO-CUCTEMHY iX  KOpEKIlo  3a
3araJbHOMPUUHITUME TPABUIIAMH.

Cepen 3axoniB crpsimoBanux Ha II) - 3MeHIIEHHS BHYTPIITHHOYEPEBHOTO TUCKY
BUNLIsIEMO: 1) AnexBaTHe 3HEOOICHHS (3MEHIITY€E PE3UCTEHTHICTh YEPEBHOI CTIHKH):
celarlisi Ta aHalbresiss; HeWpom'sizeBa 0JIOKala 13 3aCTOCYBAHHSIM MIOPEJIaKCaHTIB;
MPOJIOHTOBAHA eIl TypajibHa OJI0Kaaa.

2) AuxanbHa NiATPUMKA: B PEKUMI MO3UTUBHOTO TUCKY B KIHI[ BUAMXY (3MEHIITY€E
THCK 3aKJIMHIOBAHHS Ta MOKpAIIly€e JIeTeHEBY NepPy3it0); ITyYHA BEHTUIISLIS JIET€Hb.

3) 3meHnieHHs HaAOpsAKY KHUIIKOBOI CTIHKW: 3MEHIIEHHS 00'eMy B/B 1H]Y3ii
(3HMXKY€E IHTEpCTULIATLHUN HAOpSK) Ta MPOBEICHHS aJeKBaTHOI 1H(Y31HHOT Tepamii;
KOPEKIlis  BOJIHO-€JIEKTPOJITHOTO  OajaHCy; BBEACHHS JIYPETHKIB  (3HMKYE
IHTEepCTUIIANbHUI HAOpPSK); reMoaiani3/ynbTpadiibTpalis; JaBaXX TOHKOI KHIIKA
TIIEePOCMOISIPHUMHE PO3YMHAMHU 2 P/I00Y 10 BITHOBJICHHS MEPUCTAIBTHKY 1 3HH>KCHHS
PiBHSI BHYTPIITHLOUYEPEBHOTO TUCKY MeHIIIe 9 MM.pT.CT. (12 cM.BOA.CT.)).

4. lexommpeciss IIKT (aktuBHYy acmipailito HUTyHKOBOTO Ta KHUIIKOBOTO BMICTY
(3MeHITye 00'€éeM KHUIIEYHHUKY, TPUCKOPIOE BITHOBJICHHS KHIIKOBOI MOTOPHUKH):
HazoracTpajibHa  JEKOMIIPECisl;  Ha30-€HTEepaJbHa  JEKOMIIPECis;  peKTalbHa
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JeKOMIIpecisi; MenukameHtozHa crtumyisnis mortopuku KT (merokmompamin,
OCETPOH, YOPETH/I TaHTI100JI0KaTOPH );

5. EBakyariis BHYTpPIIIHBOYEPEBHOTO TMATOJIOTIYHOTO BMICTY (TpaHCCYyJar,
eKCyJlaT) XIPpypriuHUM KOMIIOHEHT: CcoOHOTpadiyHe dYepeslKipHe JIpeHYBaHHS
1HTpaabIOMIHATBHUX PIAMHHUX CKYIYEHb; JIAMAPOIICHTE3; NMEePUTOHEATbHUN JIABAXK;
JanapoTihTUHT.

6 TpHLOXKOMIIOHEHTHHH (MPOTUHKEPEIIbHUN, MPOBIAHUN, MPOTUHACIIIKOBUMN)
peraoHapHO-CUCTEMHUH MPUHIUN JIT€CTOPECYCIUTAIII] MPH JIIKYBaHHI IEPUTOHITY.

7 Xipypriude JiKyBaHHS — MpOTpaMOBaHa peIamapoToMis 13 3aCTOCYBaHHSIM
Cy4YacHO1 TEXHOJIOT1i a0JOMEHO-BYIbHEPOKOPEKIITIi.

biomexanika uepeBHOI MOPOKHUHU 3a0e3Medye MATPUMKY BHYTPIIIHIX OpraHiB,
PEryJsilil0 BHYTPIIIHBOYEPEBHOIO THUCKY, PYXOBY (yHKIIIO Tyiayba Ta ydacTb y
nuxaHHi. Bzaemoist M'31B 4epeBHOI CTIHKH 3 I1apparMoro, M'si3aMH CIIMHU 1 Ta30BOTO
JIHA JI03BOJISIE€ MIATPUMYBATU CTAOUIBHICTh yCboro Tuta. [lopymenHs 6ioMexaHIYHUX
3B'SI3KIB MO’KE€ MPU3BECTH JI0 PO3BUTKY MPOOJIEM, MOPYIICHHS [TOCTaBH 1 MpodIeM 3
Ta30BUM JHOM. ONTUMaIbHUM OanaHc MK CHIIOIO, €JIaCTUYHICTIO Ta KOOPAMHALIEIO
M’SI31B YEPEBHOI CTIHKM — KIIOY JI0 30€peKEeHHsS 3JI0pOB’Sl Ta ONTUMAJIbHOTO
(yHKIIIOHYBaHHS PI3HOMaHITHUX OpPTaHiB Ta CUCTEM 3 IPArMaTUYHOIO NEPCIIEKTUBOIO
PEKOHBAJIECLICHCI].

Bucnosku.

1. 2KuBIT € HaA3BUYANHOIO Ta CKJIATHOIO JUISHKOIO OPraHi3My SIK 30KpeMa TakK 1 B
[IJIOMy, SIKa Ma€ BaKJIUBE 3HAUEHHS ISl KUTTEIISUIBHOCTI JIOAMHU Ta CYTTEBO
BIJIPI3HSIETBCS B 3aJIEKHOCTI BIJ BIKY, CTaHy HalleHTa, (I3UYHOI AKTUBHOCTI,
Xap4yBaHHSA Ta 3araJlbHOTO CTaHy 3710POB'S.

2. Yitke po3yMiHHS (1310JIOTIUHUX OCOOJIMBOCTEN YEPEBHOI MOPOKHUHM CIIPUSE
CBOEYACHIM [IarHOCTULI Ta MNPOQIIAKTULI 3aXBOPIOBAHb, a TAaKOX JI03BOJISE
OOTrpyHTOBAHO, 3 ypaxyBaHHS OCOOJMBOCTEHW camMoro maii€eHta, BUOpatu edeKTUBHI
MEeTOH PO ITAKTUKY TPOTPECYBAHHS CHHIPOMY 1HTpaadJOMiHAIBHOI T1epTeH3il, a
3a YyMOBHM HMOTO HEraTMBHOTO IMepediry CUCTeMaTHU3yBaTh OCHOBHI MPHUHIIUNHU Ta
H1AXO0AH J0 MaTOreHETUYHO OOrPYHTOBAHOTO MPOBENIEHHS KOMIUIEKCHOIO JIIKYBAHHS
a0JOMIHAJILHOTO KOMIIAPTMEHT CHUHJIPOMY.
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Relevance

In the modern world, one of the unsolved problems remains cardiovascular
diseases, which lead to the largest number of deaths among all other causes. To find
ways to solve this problem, you can try to analyze human blood flow, what happens to
it in the body, what phases it goes through and how it changes, passing through the
arteries. In this work, special attention will be paid to the flows of mass, momentum
and energy in the blood flow through active arterial vessels. The relevance of this work
is extremely high due to the large number of deaths from diseases of the cardiovascular
system, and because of the potential danger to every person.

Aim of the Work

The purpose of the work is to develop an information system for modeling mass,
momentum, and energy flows in active arterial vessels.

Research Tasks

To achieve the stated aim, the following tasks must be addressed:

1.Analyze literary sources.

2.Collect theoretical basis for development.

3.Choose the most optimal model/models.

4. Implement the application.

5.Analyze the results.

Scientific Novelty

To model mass, momentum, and energy flows, the program calculates
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1. geometric parameters: vessel diameter, radius, and cross-sectional area of the
vessel.

2. hemodynamic parameters: volume flow, blood flow velocity, pressure, and
vessel stretch.

3. flow quantities: mass flow, momentum flow, kinetic energy flow, and pressure
power.

4. integral quantities per cycle: blood mass, momentum, kinetic energy, pressure
work, and total energy.

The application has two options: modeling parameters based on user-entered data
and using experimental data. Comparing the results, it can be seen that they have a
similar shape and structure, but the results for the modeled data are simpler and
smoother, while for the experimental data the results are more complex due to the
presence of directed quantities, pressure differences, phase shifts, and local changes,
which allows us to conclude that using experimental data leads to more accurate results
[1,2].

Compared to analogues, the developed application has its advantages and
disadvantages.

The advantages are that it has better clarity for untrained or inexperienced users,
no need to install and configure a local environment, and a non-commercial basis
compared to similar applications.

The disadvantages are that the developed application does not use the most
advanced mathematical model at the base, which makes it less accurate than analogues.

Methods and Materials Used

The program for modeling and performing calculations [3] uses a combined model
that combines the following models to perform the tasks of the thesis:

Bernoulli equation - is a simplified basis for describing the relationship between
energy, velocity and pressure in blood flow.

Poiseuille model - shows the effect of vessel geometry on flow and resistance.

Windkessel model - describes the temporal change in blood flow, systole, diastole,
aortic distension and pulsation..

In the subsection "Analysis of information protection methods", the main threats
(threats to confidentiality, integrity, availability, authenticity), protection targets (data,
parameters, results, reports) and countermeasure functions were identified: Data
validation, Integrity control, Logging, Backup of results, Secure export of results

Conclusions

1.Information sources were analyzed and a theoretical basis was collected.

2. Modern mathematical models were studied and selected for use in the
application.

3. Information protection objects were identified, the main threats were analyzed,
and basic security measures were developed.

4. A feasibility study for the development of a software application was conducted,
the cost of development and the optimal option were determined.

5. The application development process was described.

6. The software application was developed and tested.
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7. The results for various data were analyzed.
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MOJIEKYJISIPHO-TEHETUYHA JIA'HOCTHKA TA
INHEPCOHAJII3OBAHA PEABLJIITAIIA AITEU I
HIJJITKIB 3 AMEJTOI'EHE30M HEJOCKOHAJIUM

Jlepuenko Japuna OJuiekcanapiBHa
CTYJEHTKA 1-ro Kypcy cTOMaTOJIOTIYHOIO (haKyIbTETy
[IBH3 «KuiBchkuii MEAMUHUN YHIBEPCUTET)

€na Mapuna CepriiBHa
PhD, nonent, [IBH3 «KuiBchkuit MeTuuHUN yHIBEPCUTET

AKTyanbHicTb. AMmenoreHe3 HejockoHanuii (AH) — cnagkoBe 3axBOprOBaHHS
emauni 3 nomupenictio 1:700-1:14000 [1,2]. Tpanuuiitna knacudikania 3a Bitkonom
0a3yeThCcsl Ha KIIHIYHOMY (eHOTHNl Oe3 ypaxyBaHHS MOJIEKYJSIPHOI OCHOBH, IO
00OME)Ky€e MOXJIMBOCTI JIarHOCTHKM Ta MPOTHO3YBAaHHS MEpPeOIry 3axBOPHOBAaHHA.
CexBenyBaHnHss HactynHoro mokomiHHS (NGS) peBodolioHI3ye 11arHOCTHUKY,
BUSIBJISIFOYM HEBIJIMOBITHOCT] MK T€HOTUIIOM Ta (PEHOTHUIIOM, 10 KPUTUYHO BaXKIJIUBO
JUTSl IepCOHaNI3allli JIKyBaHHS.

Mera nocaimkenns. Oninntu epextuBHictb NGS s Bepudikaiii popm AH ta
PO3pOOHUTH AJITOPUTM TEPCOHAJI30BaHO1 peabimiTarmii AITEH 1 MIIJIITKIB Ha OCHOBI
BUSIBJICHUX T€HOTHITIB.

Marepianu Ta mMetoam. [IpoBeneHO cHCTeMaTHUYHUM aHATI3 JIITEparypu 3 0a3
nanux PubMed, Scopus, Web of Science, Google Scholar (2020-2025 pp.). Bkiatoueno
myOJikaIii moa0 MOJEKyIspHO-reHeTHYHuX MexaHi3miB AH, NGS-miarHoctukw,
KJIIHIYHUX MPOSBIB Ta METOJIB JIIKYBaHHS JITe Ta miamiTKiB. Kpurepii BKIIOUCHHS:
JTOCHIDKeHHST  MoJiekyJisipuux ocHoB  AH, 3actocyBannHs NGS, KIJIiHIUHI
XapaKTEPUCTUKU FT€HETUYHHUX (POPM, CydacHi MIAXO01 10 JIarHOCTUKH Ta peadiniTarii.
AHaJli3 MpPOBOJMBCS METOJAMHU CHUCTEMAaTUYHOIO CHUHTE3Yy, MOPIBHSUIBHOTO aHali3y
Te€HOTHUIT-(DEHOTHUIT KOPEJISILI Ta KpUTUYHOT OLIIHKY JOKa30BO1 0a3u.

Pesyabtarn. EdextuBnicte NGS-giarHoctuku cranoButh 60-75% s
TapreTHux mnaHened Ta  80-85% a4 MMOBHOEK30MHOT'O/TIOBHOTEHOMHOIO
cexkBeHyBaHHs [4,8]. Haifuacrime Bepudikyrorbest myTariii B reHax AMELX (15-20%),
FAMS3H (10-15%), ENAM (5-10%) ta MMP20 (3—5%); nureHHe yclaJKyBaHHS
MOSICHIOE 15-20% aTUIIOBUX (hEeHOTHTIIB. FAMS83H-acomiiioBanuit
rinokanbiudikoBanuit AH mae nHaimBuame mporpecyBaHHs (BTpaTa OKIIO31HHOI
BUCOTH 110 5—7 pokiB). MyTariii B renax AMELX ta ENAM tiepeBa)xHO 3yMOBIIIOIOTh
rinomnactTuyHi  GopMu, UYYyTIHMBI 10 MaJOIHBa3MBHUX aJre3WBHUX METO/IIB.
3acTocyBaHHs U(POBUX MPOTOKOMIB (BHYTPIIIHOPOTOBE ckanyBaHHs, CAD/CAM)
ckopouye yac jikyBaHHs Ha 30—40% [12,13]. llenTpanizoBaHi MyJbTUAUCIUILTIHAPHI
MEpEeXi 3MEHIIYIOTh IHTEpBal «IlarHO3—JIiKyBaHHsS» 3 12-18 nmo 2-3 wicsiiB,
I1JIBUIITYOYH SKICTh )KUTTS MalieHTiB Ha 75%.
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BucHoBku. [HTEerpaiis cekBeHyBaHHs HACTYMHOro mokoiiHHsA (NGS) y KIIiHIYHY
NpaKkTHKy 3abe3nedye TOYHY MOJCKYJSpHY [iarHOCTHUKY, TEHOTHII-acOIliioBaHe
IIPOTHO3YBaHHS Ta pO3pOOKY MEPCOHANI30BaHUX AITOPUTMIB JikyBaHHs [4,13]. BikoBi
IIPOTOKOJIU peadimiTallli MaloTh aJIalTyBaTUCS 3 YpaxyBaHHIM '€HETUYHOTO MTPOQLITIO:
aKTUBHE paHHE BTPyUYaHHs MoKaszaHe npu FAMS3H-acorniioBanux nedekrax, TOAl K
KOHCEpBAaTUBHI MAXoAu — I rinomactuuaux ¢opm [10,11]. BrnpoBamkenHs
IM(PPOBUX TEXHOJOTIN Ta CIEMiaTi30BaHUX MYJbTHIUCIHUIUIIHAPHUX MEPEXK 1CTOTHO
MOKpAIIy€e KIHIYHI pe3yibTaTh Ta SIKICTh KUTTA AITeH 1 miumiTkiB 13 AH.

Kiio4oBi cjioBa: amesnoreHes HEJOCKOHAINN, CEKBEHYBAHHS HOBOTO TIOKOJIIHHS,
MOJICKYJISpHA  J[IaTHOCTHKA, TIEPCOHATI30BaHA  CTOMATOJIOTIS,  TeailaTpUYHA
peabimitamisi, 1M@POBUNA MPOTOKON, KOPENSIis TeHOTHUI-PEHOTUII, TUTCHHE
yCIaKyBaHHS.
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IHTEJEKTYAJIBHA BJACHICTD SIK YMHHUK
THHOBAIIIMHOT' O PO3BUTKY OB'EKTIB
HA®PTOTA30BOTI'O KOMILIEKCY: POJIb

YHIBEPCUTETCBKOI HAYKH TA TH)KEHEPHOI
OCBITH

Jopomenko KOuis IBaniBHa
KaHIUJAT TEXHIYHUX HAYK, JTOIEHT
IBaHO-®paHKIBCHKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET HA(TH 1 ra3y

CydacHuil pO3BUTOK Ha(TOra3oBOro KOMIUIEKCY YKpaiHM BHU3HAYA€THCA
HEOOXIJTHICTIO TEXHOJIOTIYHOI MOJEpHI3alli BUPOOHUYUX MPOLECIiB, MUPPOBOI
TpaHchopmarlii miJIpPUEMCTB, BIPOBAKEHHS 1HHOBAI[IWHUX PIllIEHb Ta 3MIIHEHHS
EHEPreTUYHOi Oe3MeKu JepikaBu. Y MICISIBOEHHUN MEPioJi OCOOIMBOI aKTyadbHOCTI
Ha0yBa€ CTBOPEHHS BIJIACHUX KOHKYPEHTOCIPOMOXKHUX TEXHOJOTIH Mg 00'€KTiB
BUJI00YTKY, TPAaHCIIOPTYBaHHsI, 30€piraHHs Ta peajizailii ByrjieBOAHIB. 32 TAKUX YMOB
IHTEJIEKTyallbHa BJACHICTh CTa€ HE JIMIIE IHCTPYMEHTOM MPaBOBOTO 3aXHUCTY
PEe3YyJIbTATIB IHTEJNCKTYyaIbHOT JISJIBHOCTI, a 1 BAXKJIMBUM YMHHUKOM 1HHOBAIIMHOTO
PO3BUTKY TMIJANPUEMCTB, MIJABUIICHHS 11X TEXHOJOTIYHOI HE3aJleHOCTI Ta
KOHKYPEHTOCIPOMO>KHOCTI.

VY nonepeaHbOMY AOCHIIKEHHI aBTOpaMHU MPOaHAII30BaHO CydacHl MiAXOAH A0
VIOpaBIIHHS 1HTEJICKTYyaIbHOIO BJACHICTIO y HadTOra3oBiii ramysi, MNpPOBEICHO
010;1i0MeTpUYHMIM aHaJi3 MDKHApOAHUX HAYKOBHX ITyOJsiKaiiiii Ta oOIpyHTOBAaHO
[UKJIIYHY MOJIEb YIPaBIiHHSA 00'€KTaMH 1HTENEKTyalbHO1 BiacHocTi [1]. OTpumani
pe3yabTaTH CTaJIM MIAIPYHTAM JJIS TIOJIAJBIIIOTO OCMHUCIICHHS POJIl YHIBEPCUTETCHKOT
HAayKd Yy CTBOPEHHI IHHOBAIIMHMX TEXHOJIOT1M Ta iX BIPOBAKEHHI Ha 00'€KTax
Ha(TOra30BOr0 KOMILIEKCY.

AHaJi3 CBITOBUX JOCIIKEHb CBITYUTH PO MOCTYMOBY TpaHCHOPMAIIitO T1IXOiB
70 yIOpaBJIHHS IHTEJIEKTYyaJlbHOI BJIACHICTIO. SIKIIO paHillle OCHOBHA YyBara
MPUAUISIIACS TIEPEBAKHO MUTAHHSAM TATCHTYBaHHS OKPEMHX TEXHIYHUX PIIICHB, TO
ChOTOJHI MPIOPUTETHUMHU HAMpsIMAMU € KOMIUJIEKCHE YIPaBIiHHSA TE€XHOJIOTTYHUMH
akTUBaMH, LHUQPOBi3alis BUPOOHUITBA, PO3BUTOK TpaHCPEPY TEXHOJOTIMH,
KOMepIIianizaiisi pe3yabTaTiB HayKOBUX JOCTIIKEHb Ta MOCHJICHHS B3a€EMOJIT Mixk
YHIBEpCUTETAaMH 1 TPOMUCIOBUMH MIATPUEMCTBAMHU.

3a3HayeH1 TeHACHIIIT MATBEPHKYIOTHCS aHATITHYHUMHU MaTepiaiamu BcecBiTHBOT
opranizamii iHTenekryansHoi BiacHocTi (WIPQO), €Bponeiicbkoro maTeHTHOTO
BimomctBa (EPO) Ta Mixnaponnoro enepretuunoro arenrcrBa (IEA), sxi
B1JI3HAYAIOTh 3pOCTaHHS POJIi TEXHOJOTIYHUX aKTUBIB, ITU(pOBiI3allii BUPOOHUIITBA Ta
KoMepLiamizamii  pe3yJbTaTiB  HAyKOBUX  JIOCHIDKEHb Yy  3a0e3MedeHHI
KOHKYPEHTOCTIPOMOKHOCTI TAIPUEMCTB [2—4].

Jlii y3aragbHeHHs B3a€EMO3B 13Ky MIK YHIBEPCUTETCHKOIO HAYKOI0, TH)KEHEPHUMHU
po3poOkamMu, 00’€KTaMU  IHTEJIEKTyaJbHOI BJIACHOCTI Ta  MiANPUEMCTBAMU

118



MINING AND OIL AND GAS TECHNOLOGIES
INTERDISCIPLINARY DISCOURSE: THE LATEST THEORIES, IDEAS AND
DEVELOPMENTS

Ha(TOra30BOr0 KOMIUIEKCY JOIIBHO MOJATH 1HHOBAIIHY €KOCHUCTEMY Y BHIJISII
CTPYKTypHOi cxemu (puc. 1). Bona BimoOpaskae mociiI0BHICTb IEPEXOTy B HAYKOBOT
imei Ta MPUKIAIHUX OCHIHKCHb 0 CTBOPEHHsI MATEHTIB, HOY-Xay, MpPOTpaMHUX
MPOAYKTiB, iX TpaHcdepy y BHPOOHUIITBO Ta OTPUMAHHS E€KOHOMIYHOTO e(]eKTy.
Takuit miaxig gae 3MOTY PO3TJSIIATH 1HTENEKTyallbHY BJIACHICTH HE SK OKpEeMUH
pe3yJIbTaT HAyKOBOI AISUIBHOCTI, a SIK €JIeMEHT Oe3MepepBHOIO UKy 1HHOBAIIHHOTO
PO3BUTKY 00’ €KTIB HATOTa30BOI'0 KOMILICKCY.
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Pucynoxk 1. [HHOBaIliiiHa €KOCUCTEMA CTBOPEHHSI Ta BIPOBAKEHHS 00'€KTIB
IHTEJIEKTYyaJIbHOI BIIACHOCTI J1J1s1 HA()TOra30BOT0 KOMIUIEKCY
Jlxepeno pucyHka: aBTOpChbKa po3po0OKa Ha OCHOBI pe3yJIbTaTiB TOCTIHKEHHS [1].

[IpencraBiiena cxema IEMOHCTPYE, IO IHTEJIEKTyalbHa BJIACHICTh € HE KIHIIEBUM
pe3yJIbTaTOM HAYKOBO1 JISJIBHOCTI, a BaXXJIMBOIO CKJIaJ0BOIO Oe3MepepBHOTO
IHHOBALIMHOTO TpoLecy, SKUW 3a0e3neuye B3a€MO3B'SI30K MK YHIBEPCHUTETCHKOIO
HAYKOI0, BHPOOHHUIITBOM Ta MOIAJIBIIIUM PO3BUTKOM TEXHOJIOTIH.

AHJIOTIYHUN MIAX1J A0 PO3TJISAY 1HTEIEKTYalbHOI BJIACHOCTI SIK CTPATETIYHOIO
pecypcy 1HHOBALIHOTO PO3BUTKY MIANPUEMCTB Ta HAYKOBUX YCTaHOB BHUCBITJIIEHO Y
CyYaCHUX MDKHAPOJHUX 1 BITYM3HSIHHUX JOCITIDKCHHSX, MPUCBSYCHUX MUTAHHSIM
VOpaBIiHHS ~ TEXHOJOTIYHUMHU  aKTHBAaMHM Ta  KOMepIlami3aiii  pe3yJibTaTiB
IHTEJICKTyaJIbHOI JTiSITBHOCTI [2, 5].

[TpakTiuHO KOXEH 00'eKT Ha(TOra30BOro KOMILIEKCY € JKEPEIIOM CTBOPEHHS
HOBHUX 00'€KTIB 1HTENEKTyalbHOI BJIacHOCTI. J{s1 OypOBHUX YCTaHOBOK 1 CBEp/JIOBUH
TaKUMHU pe3yJIbTaTaMU € HOBI KOHCTPYKIIi OypoBOro o0OJagHaHHS, TEXHOJOTI]
IIEMEHTYBaHHSI, CIIOcOOM 1HTeHcudikallli BUmI00yTKy, ITudPOBI MOJEIl POJOBHUII Ta
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MpOrpaMHi KOMIUIEKCH CYTIPOBOAY OypiHHA. [[7151 yCTaHOBOK KOMITIEKCHOT MiITOTOBKU
HadTH 1 razy akTyaJbHUMH € TEXHOJIOTIi MiJBUINCHHS €(EeKTUBHOCTI Ccerapaiiii,
aBTOMATU30BaHI CUCTEMU KEPYBAHHS TEXHOJOTTUHUMHU IpoliecaMu Ta udpoBi 3acodu
MOHITOPHHTY.

Ha xoMnpecopHHX CTaHIIISAX, MariCTpaJbHUX TPYyOOIPOBOAaX 1 ra30pO3MOIITEHUX
MEpeXax MEepCHEeKTUBHUMHU HampsiMaMUd € CTBOPEHHS I1HTEIEKTYyaJIbHUX CHUCTEM
J1arHOCTUKY OOJIaJIHAHHS, AJITOPUTMIB MPOrHO3YBaHHS TEXHIYHOTO CTaHY, [IU(PPOBUX
Mojienei BI/IpO6HI/I‘—II/IX npouecua CHUCTEM BUSBIICHHS BHTOKIB 1 TPOTrpaMHUX
KOMIUIEKCIB ONTHMI3allii peXKUMiB TpaHCIOpPTyBaHHsS. {7 pe3epByapHHX MapKiB,
Ha(T0o0a3 Ta aBTO3aNpPaBHUX KOMIUIEKCIB BaXKJIMBOTO 3HaUCHHS HaOyBalOTh IU(PPOBI
CUCTEMH KOHTPOJIIO SKOCTI MAJIMBHO-MAaCTUILHUX MaTepialiiB, aBTOMAaTHU3AaIlis OOIKY,
JIOTICTHKHU Ta €HEPTOMEHEIKMEHTY.

TakuM YMHOM, THTENEKTYyalIbHA BIIACHICTh OXOILUTIOE HE JIUIIE TEXHIYHI PIICHHS Y
BUTJISA]I1 BUHAXO/(1B Y1 KOPUCHUX MOJIEJNIEH, a i mporpaMHe 3a0e3eueHHs], 0a3U JaHuX,
udpoOBl TEXHOJIOTI], I1HXKEHEpPHI METOAMKHA Ta OpraHizamiiiHi pilieHHs, o0
3a0€e3Meuy0Th MiABUIIECHHS €EKTUBHOCTI (PYHKIIIOHYBaHHS 00'€KTIB HA)TOTa30BOrO
KOMILIEKCY.

OcobnuBa ponb y (opMyBaHHI Takoro IHHOBAIIMHOTO CEPEIOBHUINA HAJCKHUTh
3aKjaJaM BHIIOiI OCBITH. Y CydyacHId I1HHOBAIIMHIA EKOHOMIIl YHIBEPCUTETU
PO3IIIAIAIOTHCS K KJIIOYOB1 IEHTPU TEHepallii 3HaHb, TpaHchepy TEXHOJIOTIH Ta
(dbopMyBaHHS 00'€KTIB 1HTEJIEKTYyaJbHOI BJIACHOCTI, IO 3a0€3MeUyI0Th B3aEMOJIIIO
HayKH, OCBITH Ta BUpOOHUIITBA [2, 5]. IBaHO-DpaHKIBChKHI HAIIIOHAIBHUN TEXHIYHUI
yHIBEpCUTET Ha(TH 1 ra3y € MPOBIJHUM OCBITHbO-HAYKOBUM LIEHTPOM, SIKHIl IOETHYE
byHaaMeHTalIbHI AOCHIDKEHHS, MPUKIAAHI 1HXKEHEPHI PO3pOOKH Ta MIArOTOBKY
BUCOKOKBaTI(IKOBaHMX (axiBUiB s HIAOPUEMCTB HA(TOra3oBOro KOMIUIEKCY.
HaykoBi MIKOJIM YHIBEPCHUTETY 3A1MCHIOIOTH AOCHIDKEHHS y cdepi OypiHHS Ta
eKCIUTyaTallli CBEpAJIOBUH, TPAHCIOPTYBaHHS 1 30epiraHHs  BYIJIEBOJHIB,
aBTOMATHU3allll TEXHOJOTIYHUX TPOIECIB, HUPPOBOTO MOJICTIOBAHHS POJIOBUIII,
PO3BUTKY MaJIMBO3AMPaBHOI 1HOPACTPYKTYPH, MIIBUILEHHS €HEProe(EeKTUBHOCTI Ta
€KOJIOT1YHO1 O0e3MeKu BUPOOHHUIITBA.

[Momanbmuit  po3sutoxk IOHTYHI' pouinbHOo mnoB'sizyBath 3 (hopMyBaHHSIM
IIJTICHOT 1HHOBAIIIHHOT €KOCHCTeMH, y SKIA pPe3yJbTaTd HAyKOBUX JIOCIHIIKEHb
MPOXOJAUTUMYTh MOBHUN NUISIX B1JI BUHUKHEHHS 1HXXEHEPHOI 1711 0 BIPOBAKEHHS
TEXHOJIOT1] Ha BUPOOHMIITBI. BaXJIMBUMHU CKJTaIOBUMH TaKOi CHCTEMHU € TIPOBEACHHS
MaTeHTHUX JOCIIIKEHb, MPaBOBa OXOpPOHA OO'€KTIB I1HTEJIEKTYaJIbHOI BJIACHOCTI,
CTBOpPEHHS CTapTamiB, y4yacTh y MDKHapOJAHHMX TPAHTOBUX MporpamMax, PO3BUTOK
napTHepcTBa 3 MIANPUEMCTBAMHM Ta KOMepLiai3alis pe3yJbTaTiB HayKOBOi
nisbHOCTI. BogHOUac Mi>kHApOIHA MPAKTUKA CBITYUTD, 1[0 CUCTEMHE BUKOPUCTAHHS
MAaTEHTHOT aHANITUKY Ta YNPABIIHHS MOPTQPEIIMU IPaB IHTEIEKTYaIbHOI BIACHOCTI €
BOKJIMBUM 1HCTPYMEHTOM ITiJIBUIICHHS €(EKTHUBHOCTI 1HHOBAIIMHOI MisUIBHOCTI Ta
TEXHOJIOTIYHOTO pO3BUTKY opraHizamiii [3]. OcobOnuBoro 3HaueHHS HalOyBae
MITOTOBKA 1HXKEHEPIB HOBOT'O MOKOJIIHHS, SIK1 BOJIOAIFOTH KOMIIETEHTHOCTIMH Y cepi
IHHOBAIIIHHOTO MEHEKMEHTY, IMAaTeHTHOI AaHANITHKH, HU(PPOBUX TEXHOJIOTIN Ta
TpaHchepy TeXHOJIOTIMH.
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OTxe, 1HTENEKTyalbHA BJIACHICTh CHOTO/HI BUCTYIA€ HE JIMIIE 1HCTPYMEHTOM
PaBOBOTO 3aXUCTYy pe3yJibTaTiB TBOPUOi MISUIBHOCTI, a W OJHHUM 13 KIIOYOBHUX
YUHHUKIB 1HHOBAIIHHOTO PO3BUTKY 00'€KTiB HaTOra30Boro Komruiekcy. Iloeqnanus
HAyKOBHX JOCIIJKEHb, Cy4acHOi 1H)KEHEPHOI OCBITH, €(EKTUBHOIO YIIpaBJIiHHS
1HTEJIEKTYaJIbHOIO BJIACHICTIO Ta MAPTHEPCTBA 3 BUPOOHUIITBOM CTBOPIOE MEPEAYMOBHU
1 (opMyBaHHSI 1HHOBAIIMHOI €KOCHCTEMH, 3AaTHOI 3a0€3MeUUTH TEXHOJIOTIUHE
OHOBJICHHSI TIJINPUEMCTB, TPUCKOPEHHS TpaHcpepy TEXHOJOTIH 1 IMiABUIIEHHS
KOHKYPEHTOCIPOMOXKHOCTI Ha(hTOTra30BOi ranmy3i Ykpainu. ¥ 1upomy mpoteci [BaHo-
@paHKIBChKUN HalllOHAIBHUN TEXHIYHUN YyHIBEpCHUTET HaTH 1 Tra3zy Mae BCl
NepelyMOBH JUIsl TIOCHJICHHS CBOET poJi SK IIEHTPY TreHepalii 3HaHb, CTBOPEHHS
00'€eKTIB 1HTEJNEKTYyalbHOI BJIACHOCTI Ta BIIPOBA/KCHHS IHHOBAIIWHUX PIllIEHb Y
BUPOOHUIITBO, IO BIAMOBIAA€ CYYaCHUM MIXKHAPOHUM TEHJICHIIISIM PO3BUTKY CUCTEM
YIPaBIIHHS 1HTEIEKTYaIbHOIO BIIACHICTIO Ta IHHOBAI[IHHUMU TEXHOJIOTISIMU [2—5].
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The increasing significance of multimedia communication and audiovisual culture
has contributed to the growing interest in intersemiotic translation within contemporary
translation studies. Originally introduced by Roman Jakobson [1] as the interpretation
of verbal signs by means of non-verbal sign systems, intersemiotic translation extends
beyond traditional linguistic transfer and involves the transformation of meaning across
different semiotic modes. One of the most common forms of intersemiotic translation
is the adaptation of literary works into films and television productions. Such
transformations require not only the transfer of narrative content but also the adaptation
of artistic, stylistic, and emotional elements to the expressive resources of a new
medium.

Despite the growing body of research devoted to intersemiotic translation, scholars
have not yet developed a universally accepted methodology for analysing the
relationship between literary texts and their screen adaptations. One of the central
methodological issues concerns the selection of an appropriate unit of analysis. While
previous studies have frequently focused on individual linguistic elements, symbols,
visual images, or narrative techniques, less attention has been paid to larger narrative
units capable of reflecting the complexity of intersemiotic transformations. In this
regard, the episode appears to be a particularly promising analytical category.

The concept of the episode has long been associated with literary theory,
dramaturgy, and screenwriting studies [2-3]. Although no single definition has been
universally accepted, most interpretations emphasize several common characteristics.
An episode is generally understood as a relatively autonomous and semantically
complete fragment of a literary or cinematic work that depicts a particular event or
a significant moment in the development of a character [3]. Unlike isolated scenes or
individual narrative details, an episode possesses internal coherence and contributes
directly to the overall development of the plot.

Contemporary approaches to narrative construction, particularly those developed
within screenwriting theory, continue to regard the episode as a fundamental structural
component of storytelling. According to these approaches, a narrative consists of a
sequence of interconnected episodes that collectively create dramatic progression and
lead the audience towards the resolution of the central conflict [4].

Episodes can also be classified according to their narrative function. Within the
framework of Freytag’s Pyramid [5], episodes may belong to exposition, rising action,
climax, falling action, or denouement. Expository episodes introduce the characters,
setting, and primary conflict. Episodes of rising action develop tensions and
complications. Climactic episodes represent turning points in the narrative, while
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episodes of falling action and denouement contribute to conflict resolution and
narrative closure. Such classification demonstrates that episodes carry specific
semantic functions and therefore provide valuable material for comparative analysis
across media [6].

From the perspective of intersemiotic translation, however, the episode should not
be viewed merely as a structural narrative unit. Traditional models of dramatic
architecture focus primarily on plot development and conflict structure, whereas
intersemiotic analysis requires attention to multimodal meaning-making processes [7].
Literary and cinematic texts rely on different semiotic resources, which means that the
same episode may be realized through entirely different expressive means.

In literary works, meaning is typically conveyed through the narrator’s discourse,
character speech, descriptions, internal monologues, and various stylistic devices. Film
adaptations, by contrast, communicate meaning through visual imagery, sound, editing
techniques, camera work, colour palettes, music, and actor performance. Consequently,
direct equivalence between literary and cinematic episodes is impossible. Instead,
researchers must investigate how particular narrative functions and semantic elements
are preserved, transformed, omitted, or compensated for during adaptation [6].

For this reason, the structure of the episode in intersemiotic translation studies
differs significantly from its traditional understanding in literary theory or
screenwriting. An intersemiotic approach requires the identification of specific
components that can be compared across media. In literary texts, these components
include the narrator’s language, character speech, descriptions of setting, visual and
auditory characteristics presented verbally, and authorial subtext. In cinematic texts,
comparable components include character dialogue, visual representation of space and
action, sound design, music, and cinematic subtext created through audiovisual means
[6].

The identification of such components makes it possible to compare corresponding
episodes and analyse the mechanisms of intersemiotic transformation. The analytical
procedure may consist of several stages. First, episodes are selected according to
established criteria, including semantic completeness and narrative significance.
Second, corresponding literary and cinematic episodes are identified. Third, the
components of each episode are examined and compared. Finally, the observed
transformations are systematised in order to reveal broader patterns of intersemiotic
translation [6].

The episode offers several methodological advantages as a unit of analysis. First,
it provides clear analytical boundaries. Since episodes usually represent relatively
autonomous narrative segments, researchers can focus on specific events without
losing sight of their broader narrative function. Second, episodes facilitate systematic
comparison between source and target texts. Third, they allow scholars to identify
modifications introduced during adaptation, including omissions, additions,
condensation, expansion, and compensation strategies.

Another important advantage concerns emotional and thematic integrity. Episodes
often function as self-contained micro-narratives with their own emotional dynamics
and thematic focus. Consequently, they enable researchers to examine not only factual
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changes in the adaptation process but also shifts in emotional impact, characterisation,
and thematic emphasis. Furthermore, the episode serves as an effective framework for
analysing multimodal interaction, since visual, auditory, and verbal elements can be
examined within a coherent narrative context [6].

The relevance of the episode becomes particularly evident in the analysis of literary
adaptations. During adaptation, filmmakers frequently modify individual episodes to
accommodate the temporal limitations of audiovisual media or to reflect specific
artistic intentions. Some episodes may be merged, shortened, relocated, or omitted
altogether, while others may be expanded or created specifically for the screen version.
Examining these transformations at the episode level makes it possible to identify the
principles governing the adaptation process and to understand how narrative meaning
1s reconstructed in a new semiotic environment.

In conclusion, the episode can be regarded as an effective and productive unit of
intersemiotic translation analysis. Its relative autonomy, semantic completeness, and
multimodal potential make it particularly suitable for investigating the transformation
of literary narratives into cinematic texts. Although complete equivalence between
literary and film episodes cannot be achieved due to the fundamental differences
between verbal and audiovisual media, the comparison of corresponding episodes
provides valuable insights into the mechanisms of meaning transfer across semiotic
systems. Therefore, the episode may serve not only as a practical analytical tool but
also as a theoretical foundation for the further development of intersemiotic translation
studies.
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MCUXOJOI'O-PEABLIITAIIIMHA JOITIOMOT A
XPUCTUAHCBKHUX KOH®ECIA B YMOBAX
MPOJOBXEHHSA POCIMCHKO-YKPATHCBKOI BIMHU

Y:xBa Biktop OsexkcanapoBuy
eKc-acmipar
KuiBchkuit ctonnunuit yHiepcuteT iMeHi bopuca ['pinuenka

Beryn. B cywacHux yMoBax IMOBHOMAacHITaOHOTO POCIHCHKO-BIHCHKOBOTO
BTOPTHEHHS, YKpaiHa MPOJOBXKYE BIJICTOIOBATH CBOIO HE3AJICKHICTh Ta 3BLILHEHHS
OKymoBaHuX Teputopii 3 Ooky Pocii[l]. B VYkpaini xpuctusincbki KoHdecii
MPOJIOBXYIOTh 3/IIMCHIOBAaTH TJIMOOKE MEPEOCMUCICHHS MICIHHOTO CIyXiHHS [2].
Cranom Ha 2026 pik AymnacTUpCbKa AISUIBHICTH MPOJIOBXKYE IHTErpyBaTUCS 0
3araJlbHOHAIIOHAIBHOT CHUCTEMH IICHXOJOro-peadimiTaiiiHoi gomomoru. Bona
CIpsIMOBaHAa Ha HAJaHHS JyXOBHOI Ta TICHUXOJOTO-peadlmiTalifHol, a TaKoX
COITIaJIbHOI MIATPUMKHU SK BIpSHAM TaK 1 IUBUIBHUM 0co0aM, IO MOCTPaXKTadd Bij
00MOoBUX i, Tak 1 6e3mocepeIHhO BIHCHKOBOCTY>KOOBISIM [2].

MeTow J0C/iIKeHHsI € KOMIUIEKCHE BH3HAYCHHS OCHOBHUX HampsMiB Ta
IHCTUTYLIMHUX  MOJEJCH  ICHXOJOro-peadbimiTaliiHOl ~ JOIMOMOTH  MPOBLIHHUX
XPUCTUSHCHKUX KOH(eCi B YKpaiHl y JUHAMIL BOEHHOTO nepioay [2]. JlocarHeHHs
MeTH Tiepefdadae po3B'A3aHHS TaKUX 3aBlaHb: aHal3 crneudikd MiCiiHO-
peabimiTaniitHol poOOTH peiriiHUX OpraHi3ailiii; JOCIIKeHHS TMHAMIKU CYCH1IbHOT
JOBIPH 10 PEJITIAHUX I1HCTUTYTIB; XapaKTEPUCTUKA OCOOJMBOCTEH 1 MPUHIUIIB
¢ynkuionyBanHa Ciy»0H BICbKOBOI0 KanenaHcTsa [2,3].

MeTtoau gocaigxkenns. s nocsirHeHHst 00’ €KTUBHOCTI pe3yJIbTaTiB 3aCTOCOBAHO
MDKIUCUUTUTIHAPHUA MIAX1JI, MOPIBHSAJIBHUN METOJ, aHalli3, CHHTE3, a TaK0XX METOJ
y3arajbHEHHS COIIOJIOTIYHUX Ta HOPMATUBHO-IIPABOBUX JIAHUX.

PesyabTaTn pociimkeHHs. Sk s 3a3HayaB B Te3ax [1] cmermudika mCHX0JIOTO-
peabumirTamiitHoi pobOTH XpUCTUSHCHKUX KoH(peciit B VYkpaini 0Oe3mocepeaHbo
3yMOBJIeHa 0araTOKOMIOHEHTHOIO TyXOBHO-KOH(ECIMHOI0 MaiTPOI0 CyCHiIbCTBA Ta
0COOJIMBOCTSIMU HAIIOHATBFHOT MEHTAJIBHOCT1 YKpaiHIiB[2]. 3TiIHO 10 COIIOJOTTYHOTO
MOHITOPUHTY TIPOCTEKYEThCS YHIKAJIbHA 3aKOHOMIPHICTh: YKpaiHChKa HaIls
JEMOHCTPYE BUCOKUH PIBEHb BIPH, IO HE 3aBXKAU TPAHCHOPMYETHCA Yy KOPCTKY
IHCTUTYLINHY peniriiiHicTh[2]. OcobmuBo cyTTeBux 3MmiH 3 2023 mo 2026pik He
B110YJIOCS 1 TOMY ITOHA/I TIOJIOBHHA TPOMAJISH IMPOAOBKYIOTH MIATPUMYIOTH TyMKY, IO
JOIMHA MOXe OyTH MPOCTO BIPYHOUOK, HE 1MeHTU(]IKYIOUH ceOe 3 KOHKPETHUM
peniriinuM HanpsMmoMm([2]. Lls TeHaeHiis M Ha ChOTOJIHI OCTAEThCS MEPEBAKAIOYOI0
JUTst OLITBIIOCTI PETiOHIB IEPKAaBHU, 32 BUHATKOM 3aXiJTHOIO MaKpOperioHy|[2].

3 orysiMy Ha 11e, COIIyMHHI TPOCTIP B SKOMY MPHUCYTHI SIK XPUCTUSHChKA IIEPKBa
Y1 MOJIMTOBHUM OYAMHOK, 3 MOTJISAY COLIATbHOTO BUMIPY YKPaiHCHKOTO CYCHUIBCTBA
BUKOHYIOTh POJIb CKOpIIllE CHMBOJIBHOI CHCTEMHU Ta YHIKAJIbHOTO apXETUIIYHOIO
yTBOpeHH:[2]. 3aBAsSKNU CBOEMY OCOOJMBOMY CTaTyCy BOHU BUCTYIAIOTh IIPOCTOPOM
Oe3rekn Ta peryismii CyCHiabHOi CBIIOMOCTI MiJ dYac MacmTabHux Kpus[2].

125



PHILOSOPHY
INTERDISCIPLINARY DISCOURSE: THE LATEST THEORIES, IDEAS AND
DEVELOPMENTS

Ynoponosxk Bcworo mepioga 3 2022 poky BiiiHM LlepkBa mpomoBXKye yTpUMyBaTu
CTab1JIbHO BHMCOKI IMO3MIIT 3a pIBHEM CYCIUIBHOI JOBIpH, IepeOyBaroud B OJHOMY
pedtuHroBoMy psgy 31 30podHuMu Cunamu  YKpaiHM Ta BOJIOHTEPCHKUMHU
cniuTbHOTaMH [2].3BICHO 1O IMiJi BIUIMBOM BOEHHHUX 3arpo3 4YacTKa TPOMAJIsiH, SIKi
BU3HAIOTh ce0e BIPYIOUMMH, 3a3Haja MOMITHOTO 3pocTaHHs (3 68% y J0BO€HHHUIA
nepioa a0 moHana 74%)nin dac BikicbkoBoro crany [2]. Ak 1 B 2023 porii HaOUIbII
BUpaXeHAa JMHamika Oyna 3adikcoBaHa y lleHTpambHOMY perioHi, SKUH 3a3HaB
IHTCHCHUBHMX aTaK Ha MOYaTKy BTOPTHEHHS, IO MiJTBEPIKYE€ KOMIICHCATOPHY Ta
cTaOumi3yl0uy (YHKIIIO PpEemNiriiiHoi Bipu mepen OOMUYYsSM 3arpo3u SKUTTIO[2].
[TpuOnn3HO uYBEPTH OMUTAHUX TPOMAASH 3a3HAYAIOTH, IO BHACIIJOK MEPEHKUTHX
BUIIPOOYBaHb BOHU CTaJIM OUTBIN pemiriiuumMu(2].

AHani3 1yX0BHO-peaOLIITalIiHOT MICli pETIrifHUX CHIJIBHOT BUMArae po3yMIHHS
CTPYKTYpH cycnuibHOro 3anuty[2]. [Ipiopuretnrnmu 3aBaanusamMu s Llepksu i yac
BIMHU IrPOMAaJIIHH BU3HAYAIOTh:

+ HaJIaHHS MEPBUHHOI Ta CIHEI1ai30BaHO1 ICUX0JIOT0-peadiTiTallliHO1 JOTTOMOTH
Ta IYIIEBHOI MIATPUMKH 0C00aM B CTaHI €K3UCTEHIIIMHOT KPU3H,

¢ BCEOIYHY MIATPUMKY Ta onomory 30poinuM Cuiiam Ykpainu;

o COILIAJIbHE CIYXIHHA a caMe: TMpakTUYHE BHUPIMICHHS MaTeplalbHUX
MPOTyKTOBHUX,1 COLIATbHO-MOOYTOBHUX MPOOJIEM IIUBUILHOTO HacelneHHsI[3].

Cepen OCHOBHUX HaIpSIMKIB pealumiTamii Ta MNIATPUMKA ODKEHISIM, Ta
MIEPECENICHIISIM 0COOJIMBE MICIE MOCIIa€ HAAaHHS IPUTYIIKY SIK HA KOPOTKHI Yac- Hid,
JIeHb, JIBA YA Ha JOBTOCTPOKOBH, HANpUKIA[ A0 3aKiHUYCHHS BIMHM, a TaKOX:
pPO3MOAUT MI>KHAPOAHOI T'yMaHITapHOI JOMOMOTH, MIATPUMKA MEAUYHHUX YCTaHOB,
oOnamTyBaHHs O€3MEYHMX YKPUTTIB Ha 0a3l KyJIbTOBUX CIOpPY[, Ta JIOIOMOra B
eBakyallii oci0 13 30H akTUBHUX OoioBux nii[3]. Ilpu npomy mncuxoeMouiiiHy Ta
MOpaJIbHY MIATPUMKY BiJl CBOiX IPOMaJ OTPUMYIOTh MOHA/I MTOJIOBUHA TXHIX MOCTIMHUX
yieHiB[3]. [lonuT Ha MCHUXOJIOTIYHY TOMOMOrY SIK MPOBIIHY (DYHKIIIO peririiiHuX
oprasizaiiii € yHiBepCaJIbHUM JJIsi BCIX BIKOBUX TI'PYIl Ta KOH(MECIMHMX 1HCTUTYTIB
VYkpainn[1,3].

HaliBaxnmuBilIMM ~ PO3BUTKOM  YKPaiHCBKOTO CYCHUIbCTBA CTajia  IOBHA
1HCTUTYIIOHAMI3aIlsl Ta po3roptanHs Cuay:x0m BilicbkoBoro kamesnaHcrpall,3.4]
Oco0OnuBICTh  BIWCHKOBOTO KarleJaHCTBA € T€ 0 BOHO (OPMYETHCS Ha MEXKI
PENITIMHOTO 1 CBITCHKOTO, 3a0€3MeUy0UYH TyXOBHI MOTPeOH BIMCHKOBUX BiJ cojiaTa
710 KOMaHIMpa, 00 K 3a3Ha4al0Th CaMi BIICKOBI: Ha BiifHI HEBIPYIOUMX JIFOJICH HEMAE,
0COOJIMBO TaM Ji€ TMOYMHAETHCS apPTHIEPIUCHKUN OOCTpUT TBOET MO3uIii... Tomy
0e3nocepeIHbO Y 30H1 00i0oBUX 11| 3] peabimiTaiiiHuii BEKTOP AISUIBHOCTI KareaaH1B
IHTErpye y co0i Taki KJIF04OBI KOMIIOHEHTH, SIK:

o MIHIMI3AIsA Ta JIKBIJALIA TOCTPUX MPOSIBIB MOCTTPABMATUYHOIO CHUHIPOMY
(ITTCP) y niaposzainax[3];

e CHCTEMHA B3aEMOJIA Ta Koomepaiis 3 npodeciiHUMU BiIHCHKOBUMU
ncuxosnoramu([3];

e 3/1IICHEHHS NaCTUPCHKOI0 KOHCYJIbTYBAHHS, TyIINAaCTUPChKA OMiKa MOPAaHEHUX
y TOCHITAJISAX Ta CYNpoOBijA ciMel 3arubaux BoiHiB[3].
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Ha 3akoHomaBuomy piBHI perymoBaHHs AisuibHOCTI CiykOu BifICBKOBOTO
KarejJaHCTBA TapaHTy€e YiTKEe JOTPUMAaHHS KOHCTUTYLIMHOTO MpaBa Ha CBOOOIY
cogicri[4]. Karnenanu 311MCHIOIOTH CBOIO MICIIO Ha 3acafaxX piBHOCT1, MDKKOH(pECIiHOT
TOJICPAHTHOCTI,  HENPUITYCTUMOCTI  PENIrAHOrO0  THCKY 4YM  HaB'A3yBaHHS
nepexkoHanb[4]. OkpiM CyTO pemiriiHuxX (yHKI, BOHH BUCTYNAIOTh BaXKIMBUMU
cy0'eKTaMH MOPaJIbHO-TICUXOJIOTIYHOT cTabiizamii Ta (OpMyBaHHS JKUTTECTIHKOCTI
(resilience) ocob0BOTO CKJIaay BIHCHKOBUX[4].

BucHoBku. 3a3HaunMo 10 i Ha choroani Ha 2026pik B yMmMOBax TpPUBAJIOrO
BIMICHKOBOTO KOH(DIIIKTY POJIb TICUXO0JIOTO-PeadblTiTAIfHOT JOTIOMOTH XPUCTUSIHCHKIX
KoH(eciit € cTpaTeriuno BaxnuBowo[4]. LliHHICTE pemiriiHOro YMHHUKA K 1 paHile
noJisArayia, ¥ MoyArae y Moro CnpoMOXXHOCTI BUCTYIATH BHYTPILIHIM PECypcoM IS
MOJOJAaHHS CTPECOBUX CTaHIB, IICUXOJIOTIYHOI JieKoMIpecli Ta QopMyBaHHsA
MO3UTUBHUX JKUTTEBHX OPIEHTHPIB TIPHU I[OMY HE 3aCTOCOBYIOUH JOPOTHX
3aCMOKIMIMBUX JIKIB 4K npenapatiB[4]. [loe1HaHHS THCTUTYLIMHUX CIPOMOKHOCTEN
IlepkBu Ta 3aK0HOJABUYO OGOPMIIEHOTO BIMCHKOBOTO KamelaHCTBA JO3BOJISIE
CTBOPIOBATH €(PEKTUBHI MDKIUCIUIUIIHAPHI MOJENI TCUXOCOIaIbHOI peadiutiTallii,
CIpsIMOBaH1 Ha 30€pEKEHHS MEHTAJIBHOTO 3J0POB'S Ta KOHCOJIJAIII0 YKPATHCHKOTO
CYCHIJILCTBA MEPET OOTUIUSIM TTI00aTbHUX O0€3MeKOBUX BUKIUKIB[1,3].
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COIJAJIBHE IAPTHEPCTBO OPI'AHIB
HAIIOHAJIBHOI NOJIIIII YKPAIHU TA
IT'POMAJICBKOI'O CEKTOPY, SIK IEPEJJYMOBA
E®EKTHUBHOI'O 3ABE3IIEUEHHS ITPAB JIIOJJUHU Y
BOEHHUU YAC

Boaoagumup OuekcanapoBu4 JleMeHTOB,

KaHIUJAT HAyK 3 JeP>KaBHOTO YIIPaBJIiHHS, TOIEHT,

JOTIEHT KadepH ColianbHO-eKOHOMIUYHUX AUCIUIIIIH CyMchKoi ¢iii
XapKiBCHKOT'O HAIIIOHAIBHOTO YHIBEPCUTETY BHYTPIIIIHIX CIIPaB

Oaena AnaroJiiBHa JIyk’ssHuXiHA,

KaHIUJIAT EKOHOMIYHUX HayK, JOIICHT,

3aBilyBau Kadeapu CoriaabHO-eKOHOMIYHUX JucuIuiiH CyMcbkoi i
XapKiBChKOT'O HallIOHAJTBHOTO YHIBEPCUTETY BHYTPIIIHIX CIIPaB

JIronmuina AnartodaiiBaa Iapdgenriii,

KaHIUAAaT €KOHOMIYHUX HAYK,

JOLIEHT KaeapH COLlaIbHO-eKOHOMIYHUX AUCHUILTIH CyMChKOi (i
XapKiBChKOT'O HallIOHAJTBLHOTO YHIBEPCUTETY BHYTPIIIHIX CIIPaB

IMocranoBka npodJjemu. CkiiagHl yMOBU HEBU3HAYEHOCTI TPUBAJIOTO BOEHHOTO
CTaHy B YKpaiHi, Ha)xxajab, MOXYTh BPEIITI PEIIT MPU3BECTH O OOMEXKEHHs abo
MOpPYIIEHHS MpaB JIIOJAUHKU 1 TPOMaJsiHUHA, 3akpimieHux y Konctutymii Ykpainu,
crieriagbHuX 3akoHax YKpaiHu Ta MDKHapOJHUX MPaBOBOBHX akTax [1-5], 1, sk
HaCJI0K, 10 (OPMyBaHHS CUCTEMHOTO CYCITUIBHOTO KOH(MIIIKTY Mi>K OpraHamMu BIIaju,
30KpeMa MPAaBOOXOPOHHUMH OpraHaMH, Ta TPOMAACBKUM CeKTopoM. J[lns Bciei
CUCTEMHU MyOJIIYHOTO YMPAaBIIHHA LI CYCHUIbHUNA KOH(QIIIKT, OCOOJMBO B YMOBAax
BIMHUM, MO>X€ CTAaTH OJIHIEIO 3 TOJIOBHUX MPOOJIEM, HACIIJIKH AKOI MOXYTh OyTH TOCUTb
Herepen0auyyBaHUMHM 1 JeCTaOUTI3yrouMMHU I 30y/J0BaHOI  COIIAJIbHOI  Ta
€KOHOMIYHOI CHCTEM, aJK€ caMme peayii BOEHHOI'O 4Yacy HAMrocTpilie BUMararoThb
KOHCOJIIOBAHOCTI Ta 3TypPTOBAHOCTI YKPAiHChKOTO TPOMAJSIHCHKOTO CYCHUIbCTBA 3
METOI0 BIDKMBAHHS, BIAHOBJIICHHS Ta HEBIIMHHOTO IMOJAIBIIOTO PO3BUTKY, SIK
CYBEPEHHOI 1 He3aJIE)KHO1, IEMOKPAaTUYHO1, COI1aJIbHO1, PABOBOI JEP>KaBH.

OTxe, mepenyMoBOIO €(PEKTUBHOTO 3a0e3MeueHHS TpaB 1 CBOOOHA JIOAUHU 1
rpOMaJiTHAMHA y BOEHHUN Yac MOXE CTaTh MIIHE COIllaJibHEe TMapTHEPCTBO
MIPaBOOXOPOHHUX OpraHiB, 30kpema opraHiB Hamionansnoi momimii Ykpainu Ta
IPOMAJICKKOTO CEKTOpPY, fAKE IIHCHO TOTEHIMHO 37aTHE 3amo0irTd BHUHHUKHEHHIO
KOH(IIKTHUX CUTYaIlllil B CyCHIJIbCTBI, 3TJIAIUTH 1X COIllalibHI, MOJITUYHI, EKOHOMIYHI
HACJIJAKW, BHUPIIIUTH CYNEPEUKH, aJeKBATHO 3pearyBaTd Ha O€3IEKOB1 3arposw,
TyMaHITapHI 3alUTH MOCTPaXKAAJIOr0 BiJl BIMHM HACEJICHHS, COI1aJIbHOGKOHOMIYHI,
30KkpemMa 1H(paCTPpyKTypHI, OCBITHI, MEIUYHI TOIIO MOTPEOW rpomai, Ta, BPEIITI,
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MIPUBECTH TIPEACTABHUKIB BIaJH (MPABOOXOPOHIIIB, MOJIIEHCHKIX) Ta TPOMaJICHKOCTI
(rpoMajICbKUX, BOJIOHTEPCHKUX, OJIArOAIMHUX OpraHi3alliif, OKpeMHX TpoMasH) 10
CTaJIOTO B3a€EMOPO3yMIHHSI, CTINKOTO KOHCEHCYCY Ta €()eKTUBHOI CHIBIIpalll B paMKax
COITIaJILHOTO TIApTHEPCTBA CyO’€KTIB CPOPMOBAHOTO B YMOBaX BIMHH HE3JIAMHOTO
IPOMAJITHCHKOTO CYCIIIBCTBA.

AHaJIi3 ocTaHHIX Jocaigxenb i myoaikaniii. [Tutanas popmyBaHHS Ta PO3BUTKY
COIAJIbHOTO MapTHepcTBa opraHiB HarionansHOT nmomiiii YKpaiHu Ta rpoMajchbKoro
CEKTOpY, SIK IEPEeyMOBU €PEKTUBHOTO 3a0e3MeUeHHs MpaB JIOJUHN Y BOEHHHM Yac,
aKTUBHO JIOCITIDKYETHCS BITUM3HIHUMHU HAyKOBISIMH, SK OJHA 13 CKJIQJ0BHX
e¢(peKTUBHOTO BIJHOBJCHHS Ta CTaJOr0 pPO3BUTKY KpaiHu. BaxnmBi acnektu
COIIAIBHOTO TIapTHEpCTBa opraHiB HarioHnansHOT mominii YKpaiHu Ta TpoMagchbKoro
CEKTOPY MO0 3a0e3MeUeHHS IIPaB JIOINHNA B YMOBaX BOEHHOTO YacCy BUCBITIIIOIOTHCS,
30KpeMa, TAKMMHM YKpalHCBKMMHU YyudeHMMH sK: A. bopeiiko, B. Jlemenrtos, O.
Jlyx’ssuuxina, C. Buransiino, P. Kooko, JI. ITapdenrtiit, FO. Ilepepna, 1. llymino [6-
15].

OTtxe, npobnema GopMyBaHHS Ta PO3BUTKY COIIaJIbHOTO MapTHEPCTBA OpPraHiB
HamionaneHoi modmimii YkpaiHu Ta TPOMAJCBKOTO CEKTOpPY, SK MepeayMOBU
e(eKTUBHOTO 3a0€3NEeUeHHs MpaB JIOJUHU Y BOEHHUHN 4Yac, NOTpedye MOoAalIbLUIOro
JOCIIJKEHHSI Ta HAYKOBOTO OOIPYHTYBaHHSI B KOHTEKCTI JUHAMIYHOTO B1JHOBJICHHSI
Ta CTIAKOTO COIIaIbHO-€KOHOMIYHOT'O PO3BUTKY KpaiHH.

MeTo0 HaykoBOI mpami € JOCHDKEHHS Ta akTyali3allis COI1aJbHOTO
napTHepcTBa opradiB HamioHansHOi mominii YKkpaiHu Ta rpOMajiCbKOro CEKTopy, SIK
nepenryMoBH e(heKTUBHOTO 3a0e3MeUeHHs TPaB JIFOANHN Y BOEHHHI 4ac.

Buksiaa ocHOBHOro Marepiajy. YMOBU HEBU3HAYEHOCTI BOEHHOTO CTaHy, SKi,
HaXkajib, CIPSIOTh NPOSBaM BUMYIICHHX OOMeXeHb (200 HaBiTh MOPYIIEHb) MpaB
JIOJMHU 1 TPOMAJSHMHA B YKpaiHI MOXYTh MOCTYNOBO C(HOPMYBATH CHCTEMHHI
CYCHUIbHUI KOH(JIIKT MI>)K OpraHaMH BJIaJH, 30KpEMa IPABOOXOPOHHUMHU OpPTraHaAMH,
Ta TpOMaAsSHAMH, TPUYMHU BUHUKHEHHS SIKOTO € KOMIUIEKCHUMH Ta 4YacTo
JATEHTHUMHU 1 MaIOTh, SIK MPABHUJIO HACTYMHHUM CKJIaa: 1) 0OMEeXEHICTh MaTepiaIbHHUX,
(GiHaHCOBUX Ta IHIIUX pecypciB (IpU pO3MOALTT OOMEKEHUX PECypcCiB CTYMiHb
B32€EMO3AJICKHOCTI PI3KO 30LIBIIYEThCS 1 Oynb-sIKI BIAMIHHOCTI IIJIEH OKpEMUX
COIIAIbHUX TPYI CTalOTh OYEBUIHINIUMH, a HEOOXIAHICTh AUIMUTH PECYpCU Maiike
HEMUHYYE BEJle JI0 PI3HUX BUJIB KOH(DIIKTIB); 2) CTPYKTypa CHCTEMH 3a0XOUYCHb
(KOHGIIKT MOXKE BUHUKHYTH B TUX BHIIaJIKaX, KOJIM CUCTEMA 3a0X0YEeHb nepeadadae
BUHArOpOAYy pe3yJbTaTUBHOCTI OKpeMOi TIpynu abo ocodu, a He 00’ €KTUBHOI
pPE3yIBTATUBHOCTI Ta 3alMTIB BCiX opraHizaiiii abo oci0); 3) BIAMIHHOCTI B LUIAX (Y
Mipy MOTJIMOJICHHS CIeliaiizaiii OKpeMHUX CTPYKTYp T'POMaJITHCHKOTO CYCHIJIbCTBA,
BOHM YacTO MOYMHAIOTH MEpeciigyBaTH pi3HI LI, O[O0 MOXE MNOPOAMTH Pi3HI
OUIKYBaHHSl y MOTEHUIMHMX COLIAJIbHUX MapTHEPIB); 4) B3a€MO3aJIECKHICTh 3aBIaHb
(MOXJMBICTh KOH(IIIKTY ICHY€ CKpi3b, /1€ OJHA JIOJuHa a0o Tpyma 3alexarb Y
BUKOHAHHI 3aBJaHb BiJ] 1HIIOI JIOAUHU a00 TPyMNH); S5) BIAMIHHOCTI B ySIBJICHHSX 1
IIHHOCTSX (YSIBJICHHS PO CUTYAIIIIO0 3aJICKUTH Bij OaKaHHS JOCSITHEHHSI IEBHOT METH,
TOOTO 3aMiCTh TOTO, 00 00’ EKTUBHO OI[IHUTH CUTYAIlil0, BUKJIMKH, 3alIUTH, TOTPEOH,
MpoOJIeMH, JTIOAU MOXKYTh PO3TJISIIATH TUIBKU Ti MOTJISIAHA, aIbTEPHATUBU 1 aCIEKTU
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cUTyalli, siki, Ha iX AYMKY, COpPUSTIHMBI I Tpynu abo ocobuctux motped); 6)
BIJIMIHHOCTI B CIPUUHATTI (OKpEeMl1 OpraHizailii mo-pi3HOMY CIPHUHMAIOTh CKJIaJIOBI
peaabHOi JISTIBHOCTI MijJ] BINIMBOM OararbOX YWMHHUKIB, IO MOXKE IMPHU3BECTH 0
BUHUKHEHHS KOHQIIIKTY); 7)  BIJIMIHHOCTI B MaHep1 NMTOBE/IIHKH 1 )KUTTEBOMY JIOCB1JIi
(BIIMIHHOCTI B TIOBEIIHIII HA OCHOBI1 JJOCBIZY TaKOK MOXXYTh 30UIBIIUTH MOYKJIMBICTh
BUHUKHEHHS KOH(IIKTY Yyepe3 CTEPEOTUITHICTh MOIJISIIIB, 3aCHOBAHUX Ha JIOCBil); 8)

HE3a/I0BUTBHI KOMYHIKaIlli (moraHa mnepenada iHdopMalii MK COLlaIbHUMU
napTHepamMu Moxe OyTH SIK MPUYUHOIO, TaK 1 HACTIAKOM KOH(DIIKTY); 9)  pi3Hi
TUMYacoOBI TOPU30HTHU (THMMUYACOBI MEPCHEKTUBU 1 HENOJIK 4Yacy HaJae BIUIMB Ha
NPIOPUTETH 1 1€pAPXII0 LJIEH, 110 MEePECIITYIOTHCS PI3HUMH 0cob0ami 1 rpynamu); 10)
3aNeKHICTh YMPABIIHIIB BiJl 3HAHb MPALIBHUKIB (OCKUIBKH YOPAaBIIHII 4acTO HE
BOJIO/IIIOTh TEXHIYHUMU 3HAHHSIMU, HEOOX1AHUMU JIJIs1 YCIIIIHOTO KEPIBHUIITBA, BOHU
BUMYILEHI 3aJI€KaTH B1J] 3BUYANHUX MPALIBHUKIB).

[lepeniueHi NpUYUHU MOTEHIIHHO MOXKYTh 3aBaAUTH (OPMYBAHHIO Ta PO3BUTKY
€(eKTUBHOTO COIIaJIbHOTO MAapTHEPCTBA IPABOOXOPOHHUX OPraHiB, 30KpeMa OpraHiB
HarionanpHoi moumiiii Ykpainu Ta rpoMajicbkoro cekTopy B cdepi 3a0e3redeHHs npas
JIOJIMHUA Y BOEHHUM 4Yac, a/pke MaroTh AK (DYHKIIIOHANbHI (ITO3UTHUBHI 3a CBOEIO
MIPUPOJIOI0), TaK 1 quchyHKIIOHaNbHI (HeraTuBH1) Hachiaku. [llono ¢pyHKITIOHATEHUX
HACJIKIB, TO IX MOKJIMBO JIEKUJIbKA — OJMH 3 HUX TOJIATAE B TOMY, 110 TpoOIeMa MOXKe
OyTH BUpIlIEHA TAKUM IIJISTXOM, SIKUI MPUAHATHUM JUIsI BC1X COIIaIbHUX MAPTHEPIB, 1,
B pe3yibTaTi, BCl CTEHKXOJAepH OUIbLIE BIAYYBATUMYTh CBOK NPUYETHICTH 0
BUPILIEHHSI KOHKPETHOI Mpo0JIeMH; 1HIIMI — B TOMY, 10 HNapTHEpU OyayTh OLiblie
pO3TalloBaHi A0 CIiBOpalli, a HE O aHTArOH13My B MaOYTHIX KOH(PIIKTHUX CUTYALIIsIX
(uepe3 KOHGIIKTH collalibHI MAPTHEPU MOKYTh MPONPALFOBATH TOTEHI1MHI TPOOIEeMHU
y BUKOHAHHI 1€ JO TOro, SK pIlIeHHs TMo4YHyTh BuUKOHYBatucs). Illomo
TUC(YHKIIOHAIBHUX HACHIJKIB: SKIIO0 KOH(MJIIKTOM HE YMPaBJsUIM a00 YMpaBIsUIH
Hee(EKTUBHO, TO MOXKYTh YTBOPUTHUCS HACTYITHI JUC(YHKIIIOHABbHI HACTIIKH, TOOTO
YMOBH, IO 3aBaKalOTh JOCSITHEHHIO CIIJIBHOI METH OINEPATUBHOTO pearyBaHHs Ha
BUKJIMKMA BIMHM B paMKaxX BIJIHOBIIOBAIbHUX (TYMaHITApHUX, COIIAJbHUX,
1HOPACTPYKTYPHUX, EKOHOMIYHMX, MaTepiayibHUX, (PIHAHCOBUX TOIINO) TMPOIIECIB:
HE3aJI0BOJICHICTh MOCTPAXKJIATIOr0 BiJl BIMHU HaceJeHHs (MICIIEBOTO Ta BHYTPIIIHBO
MepeMIIeHNX 0ci0) OTPHUMAHOI0 JIOIMIOMOTOK a00 IMOCIYroK Ta OOMEKEHHSM YH
MOPYIICHHSAM JIEIKUX IIpaB 1 CBOOOJ, MOTaHUMN COIIAJIbHUN PE30HAHC, 3HUKEHHS
COLIIAJIbHOI AaKTUBHOCTI Ta MPOAYKTUBHOCTI TMpalll HACEJIEHHS,; MEHIIUA CTYIiHb
CHIBIpalll COLIAJIbHUX MapTHepiB (opraniB HaiioHansHOT MoOMiMii Ta TPOMaaChKOTO
CEKTOpY) B MaOyTHLOMY; 30LJILIIIEHHS] BOPOXKOCTI MI>K KOH(PIIKTYHOUMMHU CTOPOHAMHU
— Bmagor0 (opraHamMM JEep>KaBHOI BJIagd Ta MICIIEBOTO CaMOBPSIyBaHHS,
MIPABOOXOPOHHUMH OpraHaMH) Ta COIIAJIbHO-BIAMOBIIATBHUM Oi3HECOM (IpiOHUM
6i3aecom (DOII), cepennim 6i3Hecom (mianpuemcrBamu, TOB), Benukum 613HECOM
(KpymHi ~ TIAOPUEMCTBA, KOPIOpaIiil) pa3oM 3 TPOMAICHKUM  CEKTOPOM
(TpOMaZiCbKUMHU,  BOJIOHTEPCHKUMH, OJIATOMIMHUMHU  OpraHi3aIlisiMd, OKpPEMUM
IPOMAJICHKUMH aKTUBICTAMH) B Mipy 3MEHIICHHS MIKCEKTOPabHOI B3aeMOIIl 1
npodeciitHoi KOMyHIKaIlli Mi>k HUMH [7].
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OueBuIHO, 110 C(HOPMOBAHICTH 1 PO3BUHYTICTh COLIIATLHOTO MapTHEPCTBA PI3HUX
JIEp’)KaBHUX, HEJIEP)KaBHUX Ta FPOMAJICHKUX THCTUTYIIH 3 pi3HUX Tally3eil eKOHOMIKU
Ta CYCIUIBHOTO JKUTTS, TPYN HE3AJIEKHUX E€KCIEPTIB, TPOMAJCHKUX Ta MIKHAPOIHUX
opraHi3alliif, MpeJCcTaBHUKIB OI3HECOBUX KiJI, K1 HamararoThCcsi 00’ €qHATH BIIACHI
peCypcH, MOXIIMBOCTI, 3yCHJIJISI HABKOJIO OE3MEKOBUX, T'YMaHITapHUX, COIIaJbHUX,
€KOHOMIYHHMX TOIIO MPOOJeM Ta 3alUTIB MOCTPaKIAJOro Bij BIMHM HACEJIEHHS Ta
noTped OKPEMHUX TEPUTOPIATILHUX TPOMaJI, Ma€ BUZHAUYAIILHUN XapaKTep AJid POLECiB
BIIHOBJICHHS Ta PO3BUTKY KpaiHU B YMOBaX BiiHU Ta JAa€ 3MOTYy €(heKTHBHO BU3HAYATH
1111, 00’€KTUBHO OIIIHIOBATH HasIBHY pecypcHy 0asy aiisi 3a0e3neyeHHs CyCHIIbHUX
nmoTped Ta aepxkaBHuUX iHTepeciB. Came Take 3piie Ta XUTTE3JATHE COIIAIbHE
MapTHEPCTBO, Ha JyMKY aBTOPiB, Ma€ TOTEHIan TpaHcopmairii BCIET CHCTEMH
MyOJIIYHOTO YOPABIIHHS Ta MOXE HNPUBECTH 10 (OpPMYyBaHHS HOBOI CHUCTEMU
YVIOPaBIIHHSA CYCHIJIBHUM JKUTTAM, SIKa OyJe 3aly4yaTH O CHIBIpall THX KIHOYOBHUX
IpaBIIiB, sIK1 BJIACHE 1 yTBOPIOIOTh TOPU3OHTANIBHY MAPTHEPCHKY CKIIAIOBY [9].

Peanizaiis 1i€i HOBOT cCTEMH YIIPABIIHHS CYCIIIBHUM XKUTTSIM, HOBO1 Ty OJI14HOT
MOJITUKU, Ma€, Ha JyMKYy aBTOpIB, BIAOYBATHCS IUISIXOM IIUIECTIPSIMOBAHOTO
BTpY4YaHHs Biaau (OpraHiB JE€p»aBHOI BIaJH, OPTaHiB MICIIEBOTO CAMOBPSITyBaHHS,
MIPaBOOXOPOHHUX OpraHiB, 30Kpema opraHiB HarioHanbHOI MOMilii) B 1CHYIOUY
COLlJIbHY TMpPaKTUKy. Take BTPyYaHHA CHOPSAMOBaHE Ha 3MiHY COIlaJbHO-
€KOHOMIYHOTO CTaHy HYKJICHHHUX COILIAJIbHUX (LIUTbOBUX) TPYII, 1 MOKE B1IOyBaTUCS Y
dopmi He nume ykaziB llpe3unmenta YkpaiHu, NMOCTaHOB ypALYy, PO3MOPSTKEHbD,
Haka3iB 1 JOPYYCHb BIAMOBIIHUX MIiHICTEPCTB, BIJIOMCTB, YCTaHOB, OpraHi3aIliii 4u
OpraHiB MICIICBOTO CaMOBpPSAyBaHHS, a I IUJIbOBUX KOMIUIEKCHUX COIIaJbHO-
€KOHOMIYHMX MporpamM Ta CHUCTEMHHMX CoLlialbHUX MpoekTiB. I1{ogo mpoekTiB y
nyOiyHIA cdepl B yMOBax BOEHHOI'O 4Yacy, TO BOHHM, Ha JyMKY aBTOpIB, MalOTh
peasli3oByBaTUCh SIK KOMIUIEKCH B3a€MOTIOB’S3aHUX  JIOTIYHO-CTPYKTYPOBAHUX
3aBJIaHb 1 3aX0/I1B, YIIOPSIAKOBAHUX Yy MacIITadl yacy, 0 CIpsIMOBaHI Ha PO3B’sI3aHHS
HaWBAKJIMBIINIUX TPOOJIEM BITHOBJICHHS Ta PO3BUTKY KpaiHM (OKpPEMHX PETiOHIB,
aJMIHICTPAaTUBHO-TEPUTOPIAILHUX OJIMHUIIb, TEPUTOPIAILHUX TpPOMaJ, Taly3en
€KOHOMIKH, TMIJMPUEMCTB Ta TMIANPHEMIIIB, OpraHizaiii, yCTaHOB, OKPEMHX
MOCTPAKIAIHMX TPOMAJISH (MICIIEBUX MEIIKAHIIB Ta BHYTPIIIHBO MEPEMIIIIEHUX OCi0),
1 MaroTh 3AIMCHIOBATHCS B yMOBax OE3MEKOBUX PHU3MKIB Ta 3arpo3, HarajabHUX
T'YMaHITapHUX 3aMUTIB, B TOMY YHCIII 010 3a0€3MeYeHHs Ta peai3allii mpas JIIOAUHH
1 rpOMaJITHUHA, (PIHAHCOBUX Ta IHIIUX PECYpPCHUX OOMEXKEHb Y BHU3HAUYEHI TEPMIHU
OMEepPAaTUBHOIO Ta CTPATETIYHOTO pearyBaHHs Ha BUKJIUKM BiiiHH [10].

OcoOnuBICTIO  COLIAJILHOTO  MapTHEpPCTBA IMPABOOXOPOHHUX  OpraHiB  Ta
IPOMAJICBKOTO CEKTOPY y MyOJiuHii cdepl B yMOBA€ BOEHHOTO 4acy € PO3B’s3aHHS
npoOseM, sKi BHHECEHI Ha MOpSAOK JeHHUM Ta ¢opmaiizoBaHi (omucaHi) y
BIJIMOBIJIHUX JOKYMEHTaX — MporpaMax, KOHLEMLISIX YW cTpareriix y ¢dopmi
CTpaTeTIyHUX MPIOPUTETIB UM 3aBAaHb. Lle Mae 3acagHuyve 3HAYEHHS U1 PO3POOKU
CHUTBHUX IS 3a3HAYEHUX COIIAIbHUX IMApPTHEPIB MPOEKTIB, OCKUIHKUA TOJIOBHOIO
MIJCTABOIO IS iX PO3pOOKM CHOTOJIHI € HASBHICTH OE3MEKOBUX, T'YMaHITapHUX,
cormiaibHUX (OCBITHIX, MEIMYHUX TOIIO ), EKOHOMIUYHUX MPOOJIEM, 3aIuUTIB, MOTPEO
BCIX TpoMaj YKpaiHu (MOCTpakaaaux, IpuGppoHTOBUX (€ BETyThCS aKTUBHI OOWMOBI
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Aii Ta TpoMaj], BU3HAYCHUX, SIK TEPUTOPii MOXKIMBUX OOMOBUX [ii), TEOKYIIOBAHUX,
NpUAMaYUX BHYTPIIIHBO TMEPEMIIIEHUX OcCi0 Ta peloKOoBaHHMM Oi3HEC) Ta BCIX
IpOMaJIsIH KpaiHu, MOCTpaXAaIMX BiJ BiMHU. | 11 CHiIbHI COLiaibHI IHIIIATUBH Y
nyOJIiuHINi cdepi, Ha rITuOOoKe IepeKoHaHesl aBTOP1B, MaIOTh Peali30BYBaTUCh B TICHIM
He juiie (opMajbHIM, a ¥ pealbHIN, «MOJIbOBIM» Koomepalli MiX COIiaTbHUMHU
napTHepaMu — opraHamu HartionansHO1 mmosini 1 rpomMaackkicTio [11].

[Ilomo ynpaBiiHHS COIiaIbHUM MAapTHEPCTBOM OpraHiB HallioHanbHOI mosmini Ta
IPOMAaJICBKOTO CEKTOpY, TO BOHO, OYEBHIHO, Ma€ IPYHTYBaTHCh Ha BHUKOPHCTaHHI
3HaHb, HABUYOK, METOMIB 1 3ac00IB IS 3aJI0BOJICHHS MOTpeO 1 OakaHb KIHIIEBHX
OeHediIiapiB COMiaIbHUX MPOEKTIB IPH JOCITHEHHI MiCli, METH, 3aBJIaHb BIIOBITHUX
CHUIBbHUX COIIIAIbHUX TPOEKTIB. 3aJOBOJCHHS LUX OaxaHb 1 MOTped oO3HAYa€e
3a0e3MeueHHs] 0alaHCy KOHKYPYIOUMX BHMOI J0: BHYTPIIIHBOTO CEPEJAOBHIIA
COLIAIBHOTO MAapTHEPCTBA (3MICTY, TEXHIYHUX 1 TEXHOJOTIYHUX pIIIEHb), Yacy,
pecypciB, BapTOCTI 1 SIKOCTI; 3aIlIKaBJICHOCT] Ta BKJIIOUYEHOCTI COILlaIbHUX MapTHEPIB
Ta KiHIeBUX OeHedimiapiB 3 pIi3HOMAHITHUMU TOTpedaMu ¥  OYIKyBaHHSIMH,
171eHTU(IKOBAaHUMU Ta HE1ACHTU(PIKOBAHUMH BUMOTAMH TOIIO.

OTxe, colialibHe MapTHEPCTBO opraniB HarioHanpHOT MOiIii Ta rpoMaicbKoro
CeKTOpy (TpOMaJChKUX, BOJOHTEPCHKUX, OJIaroJiiMHUX OpraHizaiiil) B yMoBax
BOEHHOTO 4acy — 1€, Ha JJyMKY aBTOpiB, O€3MMOBOPOTHUH MPOIIEC IHCTUTYIaTi3allli B
MIPOrPaMHO-LIILOBUN (POPMAT JIAT1THOTO Ta TYPOOTIMBOTO BTPYUYaHHS BJIa iy (OpraHiB
JepKaBHOI BJIaay BJIaJWd Ta OPTaHIB MICIIEBOTO CaMOBPSIyBaHHS dYepe3 CUCTEMY
MIPAaBOOXOPOHHUX OPraHiB) y COLIaJbHY IMCHICTb, CIPUYUHEHY BIHHOIO, 3 METOIO
PO3B’sI3aHHS LIJIOTO CIIEKTPY O€3MEeKOBUX, TYMAaHITAPHUX, COLIAIbHUX, EKOHOMIYHUX,
MPaBO3aXMCHUX MPOOJIEM YyKpaiHCBKOTO cycmiabcTBa. llpu mpoMy B ymoBax
00OMEXEHOTO Yacy Ta pPecypciB, OKpPECICHHMX BIWHOI, MalOTh CTBOPIOBAaTUCS Ta
BIPOBA/KYBATHUCS B MKUTTS CIUJIbHI YHIKaJIbHI NPOAYKTH Ta MOCIYTH, B TOMY YHCII
11010 3a0€3MEeYEHOCT] Ta Peasiz0BaHOCTI MpaB 1 CBOOO I JIFOJMHU 1 TPOMAJTHUHA, SIK1
HE PO3pOOIISIIUCS paHille Ta BIAPIZHATUMYTHCS BiJl ICHYIOUMX aHaJoriB [13].

BucHoBku. IlizcymoByroun 3a3HauMMoO, 11O HEOOXIJHICTH OIEPATHBHOTO Ta
CTPATETIYHOTO pearyBaHHS Ha PI3HOMAHITHI BUKJIMKA BOEHHOTO 4Yacy B KOHTEKCTI
BIJIHOBITIOBJIbHUX TIPOIIECIB, BU3HAYMJIA AKTYyaJbHICTh COIIAJIBHOTO MapTHEPCTBA
opraniB HamionanapHoi momirii YKpaiHu Ta rpoMajicbKOrO CEKTOpY, sIK OCHOBHOI, Ha
JTYMKY aBTOPIB, IEPEIyMOBU €(PEKTUBHOTO 3a0€3MEUEHHS MpaB JIOJAUHA Y BOCHHUN
yac, AK€, Ma€ BEIUKUA MOTeHI[lal woa0 epeKTUBHOI peanmizauii B ¢dopmari
BEJIMKOMACIITA0OHUX CHIJIBHUX COLIIAIbHUX MPOEKTIB, Mepe0ayarounX BIPOBAIKEHHS
Ta aKTUBHE 3aCTOCYBaHHS HOBUX MPOEKTHO-OPIEHTOBAHUX 1HHOBALIMHUX TEXHOJIOT1H
Ta MEXaHI3MIB peai3allii CKJIaJHuX, 0araTOKOMIOTEHTHUX, CTPATETIYHUX IlIJIeH,
MOB’SI3aHUX 13 3aJIy4YEHHSM 1 BUKOPUCTAHHSM 3HAYHMX NApPTHEPCHKUX PECYpPCIB,
peanbHOi, MOTYKHOI Ta MJIEBOI MIXKCEKTOPaJIbHOI, MIKBIZIOMYOi, MIXraay3eBoi
KooIrepartii.

B ocHOBy comianpHOTO mapTHEpCTBa opraHiB HarionanbHOi momirii Ykpainu ta
IPOMAJICKKOTO CEKTOPY B YMOBaX BOEHHOTO 4acy, Ha JYMKY aBTOPIB, MAarOTh OyTH
MOKJIAJIeHl, B Tepuly dYepry, 3aluTd 1 MOoTpeOM BIANOBIIHUX LUIBOBUX TPyl B
KOHKPETHHUX JisIX 1 pe3yJibTaTax, peani3allis SKuX Ma€ TapaHTyBaTUCh JOTPUMAHHSIM
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BXJIMBUX MPUHIUIIB, 3AaTHUX 3a0€3MEUNTH 3aXUIICHICTh Ta pPeaTi30BaHICTh MpPaB 1
CBOOO/I JIIOAWHY 1 TPOMAJITHUHA: KPUTEPIi Ta MPOLETypU MPUNUHATTS PIIICHb MAlOTh
BU3HAYATHCSI Ha KOXHOMY €Talll CIUIBHOI JiSTbHOCTI COIllaJIbHUX IapTHEpPIB
(BKJIFOWAIOYM OCHOBHI BHMOTHU JI0 1H(oOpMAaIlli Ta KpUTEPIiB OLIHKH SKOCT1); 3MiHA
€TaIliB CHUIBHOI JISUTBHOCTI Ma€ BIAOYBAaTHCh 3a MPOTPECUBHUM IMPUHITUIIOM — JIJIs
YCHIIIHOTO BUKOHAHHS HACTYIHOTO e€Taly HEOOXIHO VCIIIIHO 3aKIHYUTH
HOTIEPEIHIHN; 3aBEPIICHHS KOXKHO1 (pa3u CIUIBHOI JISUTBHOCTI Ma€ 03HA4YaTH CTBOPEHHS
MIPOMIXKHOTO a00 KiHIIEBOTO MPOMYKTY (IIOCIYTH); Ma€ BiOYBaTHCh CHCTEMATHYHUAN
MOHITOPHHT 1 OIlIHKA pe3yJbTaTiB Ha BCIX €Tamax CIUIbHOI MIsJIbHOCTI (KokHa ¢aza
Ma€ 3aBEPIyBATHCS KOHTPOJIBLHUM 3aX00M).

OTxe, Ha JyMKy aBTOpPiB, CTBOPEHHS ONTUMAIBHUX YMOB €()EKTUBHOTO
COIIaJIbHOTO MapTHEPCTBA opraHiB HalioHanbHOI nosinii YKpaiHu Ta rpoMajichbKoro
CEKTOpY IIOA0 peaiizailii mpolecy NepeTBOPEHHS CIUIbHUX AiM B JIIEBUN pe3yJibTarT,
BpPaxoBYIOUH cnenu(iKy 3a3HAYEHHMX COLIAJIBbHUX MapTHEPIB, MOTPeOye: BUPIIIECHHS
KOMILJIEKCY 3aBllaHb 3 BHU3HAUYECHHS OCHOBHUX 3allIKaBJIICHUX CTEUKXOJIEPIB, 1XHIX
noTpeO Ta iHTepeciB (MepeadaueHuit aHali3 3aliKaBJIEHUX CTOPIH TICHO MOB’SI3aHUH 3
aHaJIi30M MpoOJieM, a NPUpPOLy MpoOJEM MOXKHA JIOCTEMEHHO 3PO3YMITH JIMILE
OLIIHUBIIIH MOTPeOU KiHIIeBUX OeHedimiapiB); popMynroBaHHS 1€1 CIIJIBHUX JT1H 1100
BUPIIIEHHS 1/IEHTU(]IKOBAaHUX TPOoOIeM; OOTPYHTYBaHHS MPOMIDKHUX MPOJIYKTIB SIK
3ac001B JTIOCSTHEHHS PE3yJIbTaTy Ta KIHIIEBUX MPOAYKTIB K OYIKYBAaHOTO KIHIIEBOT'O
pe3yJbTaTy; y3roKeHHs (POKYCHUX MPOOJIEM 1 IJIeH CHIBHUX A1 31 CTpaTeTTYHUMU
MplOpUTETaMU 3alUTIB KIHUEBUX OeHe(iliapiB COLIAJBHOIO MAapTHEPCTBA, aIKe
coliajJbHe MapTHEPCTBO opraHiB HarioHanbHOI modinii YKpaiHM Ta TpoOMaJiChKOTo
CEKTOpY, CaMe SIK MepeyMoBa e)eKTUBHOTO 3a0€3MeYCHHS TIPaB JIIOUHU Y BOCHHUHN
yac, 3aBXAU Mae€ nepeadayaTd  y3ro/KEHICTh LUIeH (Hal[lOHAJIbHUX, CEKTOPATIbHUX,
pPEriOHaNIbHUX, MICIEBUX) Ta JIOTIYHOI CTPYKTYpHU CHIBIpall; IUIAHYy CHUIbHOI
JISUTBHOCTI 3 pecypcaMu 1 BUAATKaMU y po3pi3l MPOTHO30BAHUX PE3YJIbTATIB; IUIAHY
CHUTBHUX [ 3 OpPTaHi3aliiHOI0 CTPYKTYPOIO Ta MOKJIMBOCTSIMUA BUKOHABIIIB; TUTAHY
CHUTBHUX 1 1 MOHITOPUHTY; OO’€IHAHHS 1 KOOPJWHAIII BCIX 3aJisTHUX CHUCTEM
MapTHEPCHKOI CIIBMPAIll B €IMHY CUCTEMY Ta 3a0e3nedeHHs mpodeciiHOol KOMYHiKaIlii
MDXK COIIaJIbHUMH MapTHEPAMHU.
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In recent years, the collectibles market (numismatics, antiques, paintings, furniture,
etc.) has been actively moving into the realm of e-commerce. To implement this trend,
online stores that are already familiar to all of us are used [1]. The specificity of
collectibles lies in their uniqueness and the lack of a stable market price. That is why
the auction mechanism is still the most objective pricing tool. The development of a
specialized platform that combines the functions of an online store and auction trading
in real time 1s an urgent task to ensure the convenience, transparency, and security of
transactions.

An auction is a sales event where potential buyers place competitive bids for assets
or services in an open or closed format. Auctions are popular because buyers and sellers
believe that they will get a good deal by buying or selling assets. In an open format, all
participants know about the submitted bids. In a closed format, auction participants do
not know about other offers. Auctions can be held live or on an online platform. The
asset or service in question is sold to the highest bidder in an open auction, and usually
to the highest bidder in a closed auction.

An online auction is an auction conducted over the Internet that allows users to sell
or buy goods and services online [2]. Online auctions allow sellers to reach a larger
audience in different locations and geographical regions. There are many different
types and formats of online auctions, including English ascending auctions, Dutch
descending auctions, and first-price sealed-bid auctions. Online auctions, also known
as virtual auctions, are similar to traditional auctions and typically involve multiple
bidders. They last from one to 10 days, with the seller being able to set the time limit
for the auction. Other advantages of online auctions include greater accessibility and
the potential for a large number of sellers and bidders, which contributes to the
development of large online businesses [2].

The object of the study is the process of e-commerce and online bidding in the
segment of collectible and unique goods.

The subject of the study was the methods and tools for developing a web platform
for auctioning collectible items using the Java language and the Spring Boot
framework.

The purpose of the work is to design and develop an information system "Online
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store of collectible items with an integrated auction system", which provides
automation of the process of displaying lots, conducting real-time bidding and
managing orders.

The above led to the following tasks that had to be solved when developing this
software:

1) analyze the subject area and existing analogues, for example, Violity, eBay and
other auctions for collectible items;

2) justify the choice of a technology stack for software development, for example,
Java, Spring, PostgreSQL, WebSocket;

3) design the database architecture and the scheme of interaction of system
components.;

4) develop a mechanism and implement an auction algorithm (bid processing,
security issues, auction completion timers);

5) develop a user interface and test the system.

Analyzing the subject area and existing analogues, for example, Violity, eBay and
other auctions for collectibles, the authors came to the following conclusions:

1) the versatility and scale of the world-famous online auction eBay is a benchmark
for every e-commerce platform. Its advantage is a huge user base. However, for a
collector this often becomes a minus due to the problem of "sniping". This is when
users, that is, auction participants, place a bid in the last seconds of the auction, which
does not give other participants time to respond.

2) the problem of this online auction is the lack of narrow expertise. It is difficult
to find specific parameters, for example, the condition of a coin on a special Sheldon
scale) in a standard search;

3) the analogue that most meets the authors' expectations for Ukrainian collectors
is the online auction Violity [3].

We made an attempt to improve this online auction. For example, the “Antisniper”
function was released. If a bid is made in the last seconds, the auction is automatically
extended by 5-10 minutes. This increases the final price of the lot and disciplines the
participants, equalizing their chances of winning.

A forum and discussion of events at the auction are offered. Each lot has a chat
where experts can point out a fake or clarify details. This is critical for the antiques
market.

Based on the analysis, it was concluded that although existing platforms have
powerful functionality, they are either too universal (eBay) or have an outdated
interface (Violity). The designed system on Java and Spring Boot, as we believe,
combines a modern implementation of digital products UI/UX, speed thanks to
WebSockets technology, and specialized tools for evaluating collectibles.

The developed software should be divided into client and server parts, which
should effectively cooperate with each other to achieve the expected result. The server
side is responsible for connecting to the database, receiving and sending requests to
both the client and the database. To do this, we will divide the client into controllers
and modules. The client side is responsible for displaying data and reading it.
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Special attention is paid to financial security and data integrity when developing
the proposed software. Within the framework of this study, a mechanism for secure
transactions using modern payment gateways and two-factor authentication methods
has been implemented.

As a result of the analysis of the subject area, the key features of the collectibles
market were identified and the shortcomings of existing platforms were identified.
Based on the conducted study, a detailed list of functional and non-functional
requirements for the system was formed. The choice of the Java and Spring Boot
technology stack [4] as the most reliable solution for implementing high-load auction
systems was justified.

Based on the results of the analysis, the architecture of the information system
under development was developed based on a multilayer pattern. A database structure
was designed to ensure the integrity of information about lots and bids. The use of use
cases and class diagrams allowed formalizing the interaction between the Frontend and
Backend components, as well as laying the foundation for the implementation of real-
time trading mechanisms.

During the software implementation, a functioning web application was created. A
security system based on JWT tokens (JSON Web Token) [5] was implemented and
instant data updates were configured via the WebSockets protocol. The testing
confirmed the correctness of the auction algorithms and the system's resistance to
invalid data, i.e. information that does not comply with the specified rules, formats, or
system restrictions. The result was a software product ready for deployment and
operation.

The scientific novelty of the project as a whole lies in improving the algorithm for
processing bids in real time to minimize delays during peak loads on the auction
system. In addition, it was decided to include in the plan the use of the WebSockets
software tool for instant bid updates and the Spring Security tool for protecting
financial transactions.
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MEPEBAI'Y TA HEJOJIKH MIKPOCEPBICHOI
APXITEKTYPH ITPU PO3POBII TIPOI'PAMHOI'O
SABE3INEYEHHA

AnpapiiioBuy bornan MukosainoBuy

37100yBay BUIIIOi OCBITH

IBaHO-PpaHKiIBCHKUN HAI[IOHATFHUIN TEXHIYHUN yHIBEpCUTET HAPTH 1 rasy,
VYkpaina

AHoTaliA

VY po0oTi JOCHIHKEHO 0COOJIMBOCTI BUKOPUCTAHHS MIKPOCEPBICHOI apXITEKTypH
1] 4ac po3pOoOKU CyYaCHOTO MpOrpamMHOro 3abe3nedeHHs. PO3risiHyTO NpUHUHUIN
noOyJJOBM MIKPOCEPBICHHX CHCTEM, iX II€peBard Ta HENOJIKA TOPIBHSIHO 3
MOHOJIITHOIO  apXiTekTyporo. [IpoaHanizoBaHO MOKJIMBOCTI MacuITaOyBaHHS,
HE3QJIE)KHOTO PO3TOPTaHHS KOMIIOHEHTIB Ta TMIJBUINEHHS BiJIMOBOCTIMKOCTI
MporpaMHUX MPOAYKTiB. Bu3HaueHO OCHOBHI MpOOJEMU, sIKI BUHMKAIOTH IIiJ[ Yac
MPOEKTYBAHHS Ta MIATPUMKH MIKPOCEPBICHUX CHUCTEM.

KarouoBi ciaoBa: MikpocepBiCHa apxXIiTeKTypa, IporpamMHe 3a0e3ledeHHs,
MacmTaboBaHICTh, PO3IMOALICHI CUCTEMH, IIPOTpaMHa 1HXKEHEPisl, BeO-TEXHOJIOT].

BBenennst

Po3BuToK 1H(GOpMALITHUX TEXHOJIOTIM MNPU3BOAUTH 10 MOCTIMHOIO 3POCTaHHS
CKJIaAHOCTI mporpaMHux cucreM. CywacHi BeO-IOAATKM Ta KOPIOPATHBHI
iHQopMaIiiiHI CUCTEMU TOBHMHHI 3a0e3nedyBaTH BHCOKY IPOJIYKTHUBHICTD,
Oe3nepepBHY AOCTYIHICTh CEPBICIB T4 MOKJIUBICTh IIBUIKOTO BIPOBAIKEHHSI HOBUX
¢bynkuii. TpaguiiiHui miaxia 10 po3poOKU MPOrpaMHOro 3a0e3MeUeHHsl y BUTIIAI
MOHOJIITHOT apXITEKTYPHU HE 3aBXK/H JI03BOJIsA€ €(HEKTUBHO BUPINIYBATH TaKl 3aBIaHHS
[1].

MOHOMITHI CUCTEMHU CKJIAJAIOTHCS 3 €IMHOTO MPOrPAMHOTO 3aCTOCYHKY, B SIKOMY
BCl KOMIIOHEHTH TICHO TOB'SI3aHI MIXK CO0010. 31 30UIBIIEHHSM PO3MIPY MPOEKTY
YCKJIQHIOETbCA HOT0 MIATPUMKA, TECTYBaHHS Ta OHOBIEHHA. byab-sika 3MmiHa
OKPEMOT'0 MOJIYJIsl YacTO NOTpeOy€e MOBTOPHOTO PO3TOPTAHHS BCI€T CUCTEMH.

OmHuM 13 Cy4YacHUX MIAXOAIB A0 TOOYJIOBM MPOTPaMHOro 3a0€3MEUCHHS €
MIKpOCEpBICHa apXxiTekTypa. BoHa mepenbadyae po3moil CUCTEMH Ha OKpemi
HE3aJIe’KH1 CEPBICH, SIKI B3aEMO/JIIIOTH MK CO00I0 uepe3 mepexeBi inTepdeiicu. Takuii
M1IX11 IHPOKO BUKOPUCTOBYETHCS 1] 4aC PO3POOKHU CYyHaCHUX BUCOKOHABAHTAXKEHUX
1H(OpMAIIHUX CUCTEM Ta BEJIMKUX MPOTrpaMHUX MPOAYKTIB [4].

Merta Ta 3a7a4i J0CJILKEHHSA

MeTtoro mochiKeHHS € aHajli3 mepeBar Ta HeJI0IIKIB MIKPOCEPBICHOI apXiTeKTypH
MiJ] 9aC CTBOPEHHS IPOTrPAMHOTO 3a0€3MeYeHHS.

JI1s1 MOCATHEHHS ITOCTaBJICHOI METH HEOOX1THO BUPIIIMTH TaKi 3a1adi:

e JIOCTIAWTH MPUHIIUIN MTOOYIOBU MIKPOCEPBICHUX CHCTEM;

e BU3HAYUTU OCHOBHI NIEPEBarv BUKOPUCTAHHS MIKPOCEPBICIB;
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e TIpOAHaTI3yBaTH MPOOJIEMHU Ta HEMOIIKUA JAHOTO MAXOAY;

e TIOPIBHATH MIKPOCEPBICHY Ta MOHOJITHY apXiTEKTYPH;

e BCTAHOBUTH c(epu ePEeKTUBHOTO 3aCTOCYBAaHHS MIKPOCEPBICIB.

Pe3yabTaTn nocaigkeHHs i ix 00roBopeHHs

MikpocepBicHa apXiTeKTypa 0a3y€eTbcsl Ha IMOI1J11 TPOTPaMHOI CHCTEMH Ha OKpeMi
CepBICH, KOXKEH 3 SIKUX BIJIIIOBIJIA€ 3a pealti3allito meBHoi 0i13Hec-pyHkKiii. Taki cepBicu
MOXKYTh BUKOPHUCTOBYBATH BJIaCHI 0a3u JaHUX, OyTH HAlMCAaHUMH PI3SHUMU MOBaMHU
porpaMyBaHHS Ta PO3TOPTATUCS HE3aJIEKHO OJUH B 0AHOTO [1].

OpHi€r0 3 TOJOBHUX TEpPEBar MiKPOCEPBICIB € MAacIITa0OBAHICTh. Y TpaauIliiHIN
MOHOJITHIM cucTemi Ansi 30UIbLIEHHS MPOAYKTUBHOCTI HEOOXITHO MaciiTadyBaTu
BECh 3aCTOCYHOK. Y BHIIAJIKy MIKpPOCEPBICIB MOKHA 30UIBIITYBATH PECYPCH JIMIIE IS
TUX KOMIIOHEHTIB, 5Kl BiJ4yBalOTh HalOUIblle HaBaHTaxeHHsA. lle mo3BoMsE
e(eKTUBHIIIE BUKOPUCTOBYBAaTH CEPBEPHI PECYypCH Ta 3HI)KYBATH BHUTPATH Ha
iHbpacTpykTypy [2].

[Ile onHI€I0 BaXIMBOIO IMEPEBArol0 € HE3aJeKHE PO3TOPTaHHSA CEPBICIB.
Po3poOHHMKHM MOXYTh OHOBJIIOBATH OKPEMHUM KOMIIOHEHT 0e3 HeOoOX1JTHOCTI
MOBTOPHOI'O 3amycKy Bciei cuctemu. Lle 3Ha4HO crpolnye npouec BHOPOBAIKEHHS
HOBUX (DYHKIIIH Ta BUMIPABIECHHS MOMUJIOK.

MikpocepBicHUN MiAXiJl TaKoX IMO3UTHBHO BIUIMBAE€ HA OpraHizailiio podoTu
KoMaHu. Pi3H1 rpynu po3poOHHKIB MOXYTh IMpAIlOBaTH HaJ OKPEMHMH CepBiCaMu
HE3aJIE’)KHO OJHA BIJ ojHOI. e migBuIly€e MpOoyKTUBHICTh KOMAHAN Ta IMPUCKOPIOE
MPOLIEC CTBOPEHHS MTPOTPAMHOIO NPOAYKTY [2].

BaxnuBOIO XapaKTEpUCTUKOIO MIKPOCEPBICHOI apXITEKTypH € I1JIBHILEHA
B1IMOBOCTIMKICTb. Y pa3l BAHUKHEHHS MPOOJIEM B OJTHOMY CEPBICI 1HILI KOMIIOHEHTH
CHUCTEMHU MOKYTh MIPOJOBKYBAaTH (DYHKIIIOHYBATH. 3aBISIKH [IbOMY 3HIKYETHCS PU3HK
MOBHOTO MPUIMHEHHS POOOTH MPOTPAMHOTO 3a0€3MeYCHHS.

Pa3zom 13 mepeBaramu icHye HHM3Ka HeAoJiKiB. OJHUM 13 HUX € CKJIQJHICTh
aZAMIHICTpYBaHHS. 3aMICTh OJJHOTO 3aCTOCYHKY HEOOX1/THO MiATPUMYBATH JECATKHA a00
HaBITh COTHI OKpEMUX cepBiciB. J[Jist 11bOT0 MOTPIOH1 JOATKOBI 3aCO0M MOHITOPUHTY,
JIOTYBaHHA Ta aBTOMATHU3aIli1 MpoIeciB po3ropTanus [3].

[le onHiero mpobOIEMOIO € B3aEMO/IISI MIXK CepBicaMu uepe3 Mepexxy. Ha BiamiHy
B1JI MOHOJIITHUX CHUCTEM, JIe OOMiH JaHUMH BiOYBA€ETHCS BCEPEAMHI OJTHOTO MPOIIECY,
MikpocepBicu B3aemo1itoTh yepe3 HTTP-3anutu, API a6o 6pokepu nosimomiiens. Lle
MOK€ TPU3BOJIUTH 1O IOJATKOBUX 3aTPUMOK Ta YCKIIQTHIOBATH 3a0e3MEUYCHHS
IUTICHOCTI TaHuX [4].

Oco06mBO1 yBaru notpedye nutaHHs Oe3neKu. Bennka KiIbKICTh TOYOK B3a€MOIT
MDK cepBicaMu 30UIbllly€ TMOTEHLIMHY MOBEpXHIO aTaku. ToMmy HEOOXigHO
BUKOPUCTOBYBATH Cy4YacCHI MEXaHI3MM aBTeHTHU}IKaIll, aBTopu3allii Ta mudpyBaHHA
TaHHX.

Jlst po3ropTaHHS MIKPOCEPBICHMX CHCTEM YacTO BUKOPHCTOBYIOTHCS CydYacHI
KOHTEWHEpPHI TEXHOJOorli Ta 3aco0u opkecTpailli cepBiciB. BoHM 103BOJISIOTH
aBTOMATHU3YBATU TPOILIEC YIPABIIHHSI CepBiCaMU Ta 3a0e3MeuyBaTH iXHIO CTaOUIbHY
poOOTYy HaBITh IPU BUCOKMX HaBaHTAXKEHHSIX [3].
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[TpoBenenuii aHai3 mokasye, 10 BUKOPUCTAHHS MIKPOCEPBICHOI apXiTEKTypH €
HaWOIIBII JOUUIBHUM JJIS BEJIMKUX Ta CEPEHIX MPOrpaMHUX CHUCTEM 13 BUCOKHMH
BUMOTaMHM J0 MacIITaOOBaHOCTI Ta HAAIHHOCTI. /{711 HEBEIMKHUX MPOEKTIB MOHOJIITHA
apXITEKTypa YacTO 3AIMIIAETHCS OUIBII MPOCTUM Ta €KOHOMIYHO BUT1THUM PIIIIEHHSIM.

BucHoBku

Y pesynbTaTi NPOBENEHOTO JOCIHIJKEHHS BCTAHOBIICHO, IO MIKPOCEpBICHA
apXiTeKTypa € OJHHUM 13 HAWIMEpPCIEeKTUBHINIUX MIAXOAIB A0 PO3POOKH Cy4acHOTO
nporpaMHOro  3abesnedyeHHa. Bona 3a0e3meuye BHCOKY MAacIITabOBaHICTh,
HE3aJIe)KHICTh KOMITOHEHTIB, THYYKICTh OHOBJICHHSI Ta MiJBUIICHY B1IMOBOCTIHKICTb
CHCTEM.

Pa3oM 13 TUM BHKOPUCTaHHS MIKPOCEPBICIB CYHNpPOBOIKYETHCA 301IBIICHHSIM
CKJIQHOCT1 aJMIHICTPYBAaHHS, TECTYBaHHS Ta MIATPUMKU 1HQpacTpykrypu. Tomy
BHUOIp apXITEKTYpPHOTO MIAXOAY IMOBUHEH 3/A1MCHIOBATHCS 3 ypaxyBaHHSM MacIITa0y
MPOEKTY, TOCTYITHUX PECYPCiB Ta BUMOT J0 TPOTPAMHOT CHCTEMHU.

TakuM YMHOM, MIKpOCEpBICHA apXITEKTypa € €(PEKTUBHUM IHCTPYMEHTOM JJis
CTBOPEHHS BEJIMKUX PO3IMOAUIEHUX CUCTEM, OJIHAK il BIIPOBAKEHHS IOBUHHO OYyTH
TEXHIYHO T4 EKOHOMIYHO OOTPYHTOBAHUM.

Cnmucok Jgireparypu

1. Newman, S. (2021). Building Microservices (2nd ed.). O'Reilly Media.

2. Richards, M., & Ford, N. (2020). Fundamentals of Software Architecture.
O'Reilly Media.

3. Microsoft. (2025). .NET Microservices Architecture for Containerized
Applications. Microsoft Learn. https://learn.microsoft.com

4. Fowler, M. (2014). Microservices. Martin Fowler.
https://martinfowler.com/articles/microservices.html

140



TRANSPORT
INTERDISCIPLINARY DISCOURSE: THE LATEST THEORIES, IDEAS AND
DEVELOPMENTS

TEOPIi JEKAPBOHI3ZALIII MOPCBKOI'O
TPAHCIIOPTY. 3ACTOCYBAHHS TEOPII
COINOTEXHIYHUX MNEPEXO/IB

3axap4yenko Jleonin JleonizoBuy,
acIripaHT
Harmionaneuuit TpancnopTHuil YHiBepcUTeT

AHoTanisi. Y cTarTi JOCHIIKYEThCS TMPOIEC AeKapOOHi3allii TII0O0aIBHOTO
MOPCBKOTO TPaHCHOPTY Kpi3b MPU3MY TeOpli COIIOTEXHIYHMX MepexojiB (Socio-
Technical Transitions) Ta ii 6a30B0i Moies11 — OaratopiBHeBoi kKoHienii (Multi-Level
Perspective, MLP). 3HMWXEHHS aHTPONOT€HHOI'0 HAaBAaHTAXEHHS Ha KIiMaT Yy
MOPCBKOMY  CEKTOpPl BHUXOAUTh 3a MEXl CyTO I1HXEHEpPHOI MOJAEpHi3alil
IpOIYJIbCUBHUX KOMIUIEKCIB. Lleli mpomec KOHIENTyami3yeTbes SK CKIaJAHUN
KOEBOJIIOLIMHUIM Tepexid, [0 BUMAara€ CHUCTEMHOI pekoHdiryparii MarepiaibHO-
TEXHIYHUX, HOPMATHUBHO-NIPAaBOBUX, (IHAHCOBUX Ta IOBEJIHKOBUX MapaJurm
rJI00aJIbHOTO CYJTHOIUTABCTBA. Y pOOOTI AOCTIIKEHO MPUPOY IHCTUTYIIIHHOT 1HEPITIi
YUHHOTO COI[IOTEXHIYHOTO pPEXHUMY, 3yMOBJEHY (EeHOMEHaMu "BYIJIELIEBOIO
3amukanHa" (carbon lock-in) Ta "3anekHOCTI Bif momepeaHboro po3BUTKY' (path
dependency). Sk nieBuid 1HCTPYMEHT JECTPYKUIi 1€l 1HepUii OOIPYHTOBAHO
KOHLIETILIFO CTPATEriyHOro YIMpaBIiHHA TeXHOJoriyHuMu Himamu (Strategic Niche
Management), 30kpema uepe3 IHCTUTYT "3eJICHHX CyIHOIUIaBHUX KOPUIOPIB".

KurouoBi ciioBa: gexapOoHi3alisi, MOPCHKHUI TPAHCTIOPT, TEOPisl COLIOTEXHIYHUX
nepexoAiB, OararopiBHeBa konuenimiss (MLP), ByrieneBe 3aMHKaHHS, 3€JIEHI
kopuaopu, Well-to-Wake, Teopis moaMcMHXpOHHOT ONTUMI3ALLII.

Beryn. ['moGansHuii Mopchkuil Tpancnopt, 3a0e3neuytoun moHan 80% oOcariB
CBITOBO1 TOPTIBIl, € KPUTUYHO BAXJIMBOI JAHKOI MDKHAPOIAHOI E€KOHOMIKU W
BOJIHOYAC TOTYXKHUM JKEPEJIOM aHTPOIOTEHHOTrO HaBaHTaXeHHs Ha Oiocdepy,
reHepyroun 0im3bko 2,8% 3aralbHOCBITOBUX BUKHAIB MapHukoBux rasiB (I1I) [1].
[Tepernsan Crparerii Mixkaapoanoi mopcbkoi opranizamii (IMO) mono ckopoueHHs
BukuiB [1I" Bu3HauMB Oe3ayIbTepHATUBHUI BEKTOP PO3BUTKY raimy3l — JOCSTHEHHS
YUCTUX HYJIbOBUX BUKUAIB (Net-Zero) no ado 6mmzbko 2050 poky [2].

Hwuxue HaBeIeHO OTJIsi] HOBITHIX T€OPil, TEXHOJIOTTYHUX PO3POOOK Ta KOHIICTIIIH,
o (GopMmyrTh MalOyTHE Oe€3ByIJelneBoro cyaHoriaBcTBa. CydaCHUN HayKOBHI
MIJIX1J] BUXOAUTH 3a MEXI MPOCTOi 3aMIHM BUKOIHOTO TajiMBa 1 pO3IJIsAac
JeKkapOOHI3aliI0 Yepe3 MPU3MY KUTbKOX CUCTEMHUX TEOPIi:

- Teopis comiorexHiyHux nepexoxaiB (Socio-Technical Transitions): Po3rmsinae
JIeKapOOHI3aIlil0 MOPCHKOTO CEKTOPY HE MPOCTO AK 3MIHY TEXHOJIOTIHN (mepexia 1o
CY/IHOIUUJIABCTBAa 3 HYJIHOBHUM pPIBHEM BUKHJIB IMAPHUKOBHX Tra3iB), a SK TIHOOKY
nmepeldyoBy  «peXKHUMY»  (TEXHOJIOTIYHUX, IHCTUTYIIHHUX, EKOHOMIYHHX Ta
COITIOKYJIBTYPHUX  €JIEMEHTIB  TJIO0aJhbHOI  MOPCHKOi ~ CHCTEMH  TOPTIB,
CYIHOOY/IIBHHKIB, TOCTAYaJIbHUKIB MajuBa, peryisTopi). [IpoananizoBano penomen
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«BYTJIEIEBOTO 3aMHUKaHHs» (carbon lock-in) Ta «3amexHOCTI Bif Tpaektopii» (path
dependency) cyyacHOr0O MOPCBHKOTO COIIIOTEXHIYHOTO pexxkuMy. OOIpyHTOBAHO POJIb
cTpareriyHoro ympasiiHHs Himamu (Strategic Niche Management) Ta cTBOpeHHs
«3eJIEHUX KOPHUJIOPIB» K IHCTPYMEHTIB IOJOJIAaHHS CHUCTEMHOI 1HEpIii Traiy3i, sKa
YUHUTH OIIp 3MiHaM [3].

- Konmermis «Big xomucku g0 morunm» (Well-to-Wake, WtW): Haykosa
CIIUJIbHOTA HaroJsrae Ha nepexondl no kouuemnmdii WtW [4].Konnenuis WtW sBisie
coboro moBHY OI1iHKY xkutTeBoro 1ukiy (Life Cycle Assessment, LCA) manusa, sika
iHTerpye nBa mocimimoBHi etanu: Well-to-Tank (WtT) (BumoOyTox cupoBwHH, ii
TPaHCTIOPTYBaHHS, MepepoOKa, CUHTE3 Ta IUCTpuOyIis mo cymHa) i Tank-to-Wake
(TtW) (ekcmyarariss manuBa O€3MOCEPEIHRO B  CYJHOBHUX CHEPreTHYHHX
ycTaHoBKax). be3 BmpoBaKeHHS IIi€l paMKH JeKapOoHizalis (JIoTy pPHUBHUKYE
MEPETBOPUTHUCS HA TPOLIEC «EKCHOPTY BUKUIIIB» 3 MOPCHKMX OaceiHIB y Ha3eMHI
MIPOMUCIIOBI CEKTOPU, TOOTO MEPEHECEHHS TOYKU BUKHIIB.

- Teopist moauCUHXPOHHOI onTuMizallii: yHIaMeHTalIbHA 17Iesl Teopli MmoJiArae B
MO/I0JIaHH]1 JIOKAJIbHUX ONTUMYMIB 3apajdl JOCSITHEHHS TJ00aTbHOTO CHCTEMHOIO
MiHIMyMy BUTpaT eHeprii. Teopis mnependadae OJIHOYACHY ONTHUMI3alil0 TPhOX
B3a€MOIIOB'SI3aHUX PIBHIB MPUUHATTS pIlIEHB: MPOCTOpoBa cuHxpoHizaiia (Weather
Routing), yvacoBa cunxponizaiia (Speed Optimization), eHepreTU4Ha CUHXPOHI3aIIs
(Power Management).

JleTanpHilie MpoBeAEeMO OIJsiA Teopii comioTexHiyHux mnepexoaiB (STT).
Tpaguiiiauii  1HXEHEPHO-TEXHOJOTIYHUN  MIAXiJA  po3risgae  AekapOOHI3aIliio
CYJIHOIUIABCTBA JIHINHO: SIK 130JbOBaHy pO3pOOKY albTEpHATUBHUX MAJIMB (3€JICHUN
amlak, METaHoJI, BOJIEHb) a00 MIJBUILIEHHS eHeproePeKTUBHOCTI cyAeH. [IpoTe Takuii
MOTJISA] ITHOPYE TIMOOKY B3a€EMOIOB'S3aHICTh MOPCHKHUX TEXHOJIOTIHN 13 MOPTOBOIO
iHpaCTPyKTypoto, TJIO0ATPHUMHU  JIAHIIOTAMH  TTOCTa4aHHs, PETYISATOPHUMU
IHCTUTYIISIMU, TNpaKTUKaMd (IHAHCYBAaHHS Ta NPO(EeCciiHUMU KOMIETEHIISIMU
MODSIKIB. Y 3B'A3Ky 3 IIMM BHHHUKAa€ TOTpeda B 3ay4eHHI MIKIMCHUILTIHAPHUX
COIIIOJIOTIYHUX Ta €KOHOMIYHUX TEOPii, cepesl SKUX MPOBITHE MICIE MOCiIae Teopis
comiorexHiyHux mepexoaiB (Socio-Technical Transitions Theory), po3pobiena @.
I'inicom, P. Kemnom Ta . Illorom. [3, 5]. Bona mo3Bojsie KOHIENTYyalli3yBaTH
nekapOoHizaiio (IoTy SK HEJIiHIWHY, CHUCTEMHY TpaHchopMallio TII00aIbHOTO
Maciraoy.

3actocyBanHns Teopii STT 1o nexkapOoHizalii MOPCHKOTO TPAHCIOPTY € OJJHUM 13
HaWMONYJIAPHIIIUX Ta HAUTUTIAHIIIKUX HAIPSIMKIB Y CYy4aCHOMY MIKIUCHUILIIHAPHOMY
muckypci. e nigxin (po3pobienuii TakumMu BueHuMH, ik Openk ['inc, Pene Kemn ta
Moxan I1I0T) 1OBOMHTS, IO MEPEXijl HA EKOJIOTiUHE CYIHOMIABCTBO — II¢ HE IPOCTO
3aMiHa JW3€JLHOIO0 JBWUTYHAa Ha aMiadyHui 4Yu MeTaHoJioBui. lle pamukanbpHa
nepedy1oBa BCI€T TJI00ATIBHOI CUCTEMH, SIKa BKJIIOYAE TEXHOJOTI, paBuiia, PUHKOBI
MeXaH13MH, IHPPACTPYKTYPY Ta JIFOJACHKI 3BUYKH.

Teopiss cOLIOTEXHIYHUX TEPEXOIIB TPYHTYeTbCS Ha ©a30BOi MoaeNmi —
6araropiBueBoi koHreniii (Multi-Level Perspective, MLP), sika sixka niuTh cUCTEMY
Ha TPH PIBHI: MaKpO-, ME€30- Ta MIKpO-.
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Biamosinno 1o Teopii MLP, mepexin BimOyBa€eThCs HE TOII, KOJIU 3’ SIBISETHCS HOBA
TEXHOJIOTIS B HiIll, a KOJU TUCK 3 00Ky JaHAmadTy (Hampukiam, >KOPCTKI BYTJIEHEBl
nojgaTku abo KIIMaTW4YHI KatacTpodu) 30iraerbcsi B dYaci 3 BHYTPINIHBOIO
JecTabiaizali€ero pexxuMy (Hapukiia, Hoaoposkyands HadTu, mTpadu 3a BUKUINA) Ta
TEXHOJIOTIYHOIO 3PLTICTIO HINIEBUX pillieHb. e BiIKpuBa€e «BIKHO MOXKJIMBOCTE JIJIs
IIPOPUBY 1HHOBAIIIH Y SJIPO peKUMYy [6].

1. Makpo-piBenb - ComiorexHiunuii ganamadr (Socio-technical Landscape).lle
30BHIIITHE CEPEIOBHINE, KE 3MIHIOETHCS IyKE TIOBUIHHO, aJIe MAa€ KOJIOCATbHUMA THCK.

Y cydacHOMYy MOpPCBKOMY JUCKypci Janmamadrt mpeactasienuit [lapuzbkoro
KJIIMAaTHYHOIO yTOA0I0, To0ansHuM nomupeHHsM cranaaptie ESG (Environmental,
Social, and Governance), I{ii cramoro po3sutky OOH Ta mocuieHHsIM CyCHiIbHOTO
3alUTy Ha EKOJIOTIYHY BIAMOBIIATIBHICTh O13Hecy. JlanamadT 4MHUTH MOCTIMHUI
JIOBFOCTPOKOBUN THUCK HAa YMHHUN TEXHOJOTIYHUM PEXKHUM, CTBOPIOIOYHM B HBOMY
TPIUIMHYU Ta BHYTPILIHIO HAIIPYTY, 3MYIIYIOYM HOr0 3MIHIOBAaTH IIpaBUia IPH.

2. Mezo-piBenb - CouiotexHiunuii pexum (Socio-technical Regime). Pexum €
IEHTPAJIbHUM €JIEMEHTOM aHali3y 1 sBIs€ €000 CTabUIbHY, KOAU(pIKOBaHY
CTPYKTYpPY IIPaBUJI, MPAKTUK Ta IHCTUTYIIIH, K1 MITPUMYIOTh )KUTTE3/IaTHICTh YMHHOT
TEXHOJIOT14HOI cucteMu. CydacHUN MOPCHKHI COITIOTEXHIYHUN pexuM 0a3yeTbcs Ha
BUKOPUCTAHHI BaXXKOTO JHU3EJIBHOrO TMajuBa (MasyTy) Ta BHYTPIIIHBOCITHOBOI
1H(MpacTpyKTypH, 1110 hopMyBasiacs MOHAJ CTOIITTS.

Ile nomiHaHTHI TmpaBWia, MNPAKTUKH, IHPPACTPYKTypa Ta I1HCTUTYLII, SKI
3a0€3MeuyIoTh CTaOUIbHICTh cucTeMU. CydyacHUM MOPCHKHI PEKUM € HaA3BUYAHO
IHEPTHUM 4Yepe3 J1Ba B3a€MOMOB's13aH1 (PEHOMEHH:

Byrneuese 3ammkanHg (Carbon Lock-in): KOTHITMBHI pPYTHHH MOPCHKHX
1HKEHEPIB, CTAaHAAPTH Kiacu(IKal[iiHUX TOBAPUCTB, YMHHI mpaBuia Oesneku IMO
(mampukian, koaekc IGF) Ta foricTuyHi ajropuTMu ONTHUMI30BaHI TiJT BUKOITHE
nanuBo. bynb-sika pajaukaibHa 1HHOBAIllS CTUKAETHCS 3 CHUCTEMHHM OIOPOM IIE€T
THCTUTYIIHOT apXiTeKTypH [7].

3anexHicTh Bin momnepenuboi TpaekTopii (Path Dependency): >kutTeBmii 1uKI
KOMEPIIIHHOTO CyJiHa CTaHOBUTH 25—30 pOKiB, 1110 KOHCEPBYE TEXHOJIOTTUHI PIIICHHS
Ha JCCATWIITTS Brepea. KamiTaqomiCTKICTh aKTHBIB CIOHYKAa€ CYJIHOBIIACHHKIB
MaKCUMI3yBaTH €KCIUTyaTallio HasiBHOT iH(pacTpykTypH [8].

3. Mikpo-piBenb - Texnomnoriuni Himi (Technological Niches). Himi €
«1HKyOaTopamMu» paguKaJbHUX 1HHOBAIIM, 3aXUIIEHUMHU BiJ MPSMOIO0 PUHKOBOIO
THUCKY 3a JIONOMOTOK JEp>KaBHUX CyOCHii, BEHUYpPHOrO KamiTaly 4Yd HayKOBHUX
rpanTiB. Came TyT 3aKJIaJar0ThCs MePelyMOBH MailOy THROTO TEXHOJIOTTYHOTO YKIIaIy.

Y MopchKii 1HAYCTpil MPUKIaAaMHu HIII € MUIOTHI MPOEKTU CYACH Ha 3eJIEHOMY
MeTaHou (30kpeMa, iHimiaTuBu kommadii A.P. Moller - Maersk), nepii 3amoBiieHHS
JIBUTYHIB Ha aMmiaKy, TECTOBE BIPOBAKCHHS KOPCTKUX BITpuiI-Kpui (Wind-Assisted
Propulsion Systems, WAPS), a Takox mokanbHI 3aKpuUTi €KOCHCTEMH, TaKi SK
MOBHICTIO eJIeKTpU(IKOBAHE MMTAPOMHE CIIOTyUYeHHS B KaboTaxkHux Bojgax Hopgertii [§].

CydJacHi HayKoOBi CTaTTi (HApUKJIad, Tpaill AoCHiTHUKIB 3 iHCTUTYTY MISTRA7,
UCL Energy Institute un Tyndall Centre) BUKOPHUCTOBYIOTh KiJbKa BaXJIHBUX
CYMDKHUX KOHLEMIIN COLIOTEXHIYHUX MEPEXOIIB:
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- CuiseBomomist  (Co-evolution): TexHomnoris He MOXe pO3BUBaTHCS 0O€3
OJIHOYACHOI 3MiHM 1HCTUTYLIN. [lepexin Ha BOJEHb BUMara€ He MPOCTO CTBOPEHHS
BOJIHEBOI'O JBHUTyHA (TEXHOJIOTis), @ ¥ CTBOPEHHS MDKHAPOIHUX CTAHAAPTIB HOTO
OesmeyHoro OyHKepyBaHHS (IIpaBO), HOBHX Tapu(HHX CITOK (EKOHOMiKa) Ta
NepeniaroTOBKU MOPSIKIB (collialibHa cdepa).

- [Ipobnema «Kypku ta Aitus» (The Chicken-and-Egg Dilemma) Lle knacuunmii
comiorexHiyHuM Tynuk: CyJHOBIACHUKHU HE 3aMOBJIISIIOTH CY/IHA Ha 3€JICHOMY aMiaKy,
TOMY IIIO B MOpPTax HeMae iH(pacTpyKTypu i Horo 3ampaBku. [loptu He OyayrOTh
TepMiHAIM JJI1 amiaky, TOMY IO HEMa€ CyJeH, ki 0 Horo kymyBanu. EHepreTuysi
KOMITaHii He BUPOOJISIFOTH 3€JICHUI aMiaK y MPOMHUCIIOBHX MacIITadax, TOMy 1110 HEMae
c(hOpMOBAaHOT'O PHHKY 30YyTYy.

Teopiss mepexo/iB MPOMOHYE BUPIMICHHS uYepe3 «YTpPaBIiHHS CTpaTeriyHUMU
Himamu» (Strategic Niche Management — SNM) depe3 MexaHI3M 3€JICHHX
cyaHomiaBHux kopuaopiB (Green Shipping Corridors) [5]. 3eneni kopuaopu — 1e
KOHKPETHI, reorpadiyHo 0OMeKeH1 TOProBeabH1 MapuipyTu (Hanpukiaa, [llanxait —
Jloc-Anmxenec a6o Porreppam — CiHramyp), Ha SKMX KOAmiIii Jep>kaB, MOPTIB,
CY/IHOBJIAaCHUKIB Ta BHPOOHHUKIB MajMBa CHIILHO M CHHXPOHHO 3HIKYIOTh PU3UKHU
nepexofy. Lle 103Bossie MTYYHO KOOPJAMHYBATH MPOIIEC KOEBOJIOIIT TEXHOJOTINA Ta
1H(paCTPYKTYpH, CTBOPIOIOYN YMOBH JIJIs TIOJIAJIBIIIOTO MacIITa0yBaHHs HIIlll HA BECh
TJI00QJIbHUM PEXKUM.

Baxa1uBUM YMHHHKOM JIeCTa01113al111l YMHHOTO COIIIOTEXHIYHOTO PEXKUMY € TaKOXK
PEryJIATOPHI OKU. BKIIIOUEHHS Mi>KHApOIHOTO CyAHOIUIaBCcTBa 10 CUCTEMU TOPTriBIIl
Bukugamu €spornericbkoro Corw3y (EU ETS) ta BnpoBaxenns pernamenty Fuel EU
Maritime BHCTYyNarwTh IITYYHHUMH 1HCTPYMEHTAMH JECTPYKLIi PUHKOBUX MEpeBar
BHUKOMHOTO NajanuBa. BoHW MpruMyCcOBO 3MIHIOIOTh €KOHOMIYHI MpaBujia rpyd ME30pECIB,
poOJIsIuM 1HEPILITHY MOBEIHKY Cy/AHOBJIACHUKIB (piHAaHCOBO 3ryoHO0 [10].

BucHoBok. 3acTtocyBaHHS TeOpii COIIOTEXHIYHUX TIEPEXOJIB JO aHajizy
JekapOoHi3aIli MOPCHKOTO TPAHCIOPTY 3Millye (OKYC HAYKOBOTO JUCKYPCY 3
130JJbOBAHOTO OIIHIOBAHHS TEXHIKO-€KOHOMIYHHMX XapaKTePUCTUK aJbTEPHATHUBHUX
[MaJINB Ha KOMIUIEKCHE JTOCIIHKEHH CUCTEMHHUX B3a€M03B’ 13K1B. OOMEKEHHS BUKHU/IIB
MapHUKOBUX Ta3iB y MOPCBHKIM 1HIYCTpli BUMarae He MPOCTO 3aMiHM MaTepilalbHUX
KOMITOHEHTIB (T€XHOJIOT1#), a TInO0KO01 TpaHcpopMallii COIOTEXHIYHOTO PEKUMY —
Mepersisay MpaBOBUX HOPM, MOJEpHI3aIlli MOPTOBOI 1HOPACTPYKTYpH, 3MiHU O13HEC-
Mozene (¢paxTyBaHHA Ta (OPMYBaHHS HOBUX KOTHITUBHUX MapagurMm Yy
MeHeKMEHTI. [loganbin MKIUCIUIUTIHAPHI TOCIIKEHHS MalOTh KOHIIGHTPYBATUCS
Ha MOJIENIOBaHHI €(eKTiB KOEBOMIONIi 1HHOBALIMHUX HIII Ta PO3poOIl CTparerii
CUHXPOHHOTO pO3rOpPTaHHS BUPOOHHUYUX TMOTY>KHOCTEH e-manuBa W MOPTOBOI
1H(PACTPYKTYpH B MeXaxX KOHIIEMIIIT 3eJIEHUX KOPUIOPIB.
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