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PHOTODEGRADATION OF BIODEGRADABLE
POLYMER COATINGS BASED ON POLYLACTIDE AND
POLYCAPROLACTONE

Purpose. Comparison of the photodegradation resistance of polylactide and polycaprolactone
coatings depending on the nature of the polymer and the film-forming method.

Methodology. Aqueous dispersions were obtained by emulsifying a polymer solution in
dichloromethane, followed by removal of the organic solvent, washing, and concentration. Films from the
dispersions were formed by applying them to a metal substrate, followed by heat treatment until a continuous
coating was formed.

To assess changes caused by UV irradiation, the water contact angle and surface energy were
determined, and the IR spectra of the films were analyzed. The features of film formation were analyzed, and
the melt flow index of polylactide and polycaprolactone granules was determined to assess a possible
relationship between the polymer’s rheological characteristics and the particle coalescence temperature.

Findings. It was found that under the influence of UV irradiation, the surface of both polymers rapidly
becomes hydrophilic. For films prepared from solutions, after 8 hours of irradiation, the contact angle
decreased from 74+3° to 24+3° for polylactide and from 85+3° to 40+3° for polycaprolactone. For coatings
formed from aqueous dispersions, the corresponding values changed from 79+3° to 33+3° and from 58+3° to
43+3°. According to IR spectroscopy data, an increase in the area of the carbonyl peak shoulder in the 1700—
1690 cm™ region was observed, which is associated with the accumulation of carboxylic acids as
photooxidation products. It was shown that coatings formed from aqueous dispersions exhibit slightly higher
resistance to UV radiation compared to films obtained from solutions.

Originality. The relevance of the study stems from the need to combine the environmental benefits of
biopolymers with sufficient operational stability of coatings under the influence of external factors,
particularly ultraviolet radiation.

The practical value of this work lies in establishing the influence of the coating formation method on
their resistance to UV aging, which can be utilized in the development of biodegradable polymeric materials
with specified performance properties. The results obtained can be used to justify the choice of a method for
forming biodegradable coatings with predictable resistance to photoaging.

Keywords: biopolymer coatings; photooxidation; aqueous dispersions; film formation; contact angle;
surface energy; IR spectroscopy.

Introduction. Petrochemical-based plastics, which have become a staple of modern living,
are characterized by their durability, resilience to degradation, and, in many instances, their single-
use nature. These characteristics contribute significantly to the global volume of municipal solid
waste. Projections indicate that by the year 2050, global oil consumption for plastic production will
have increased by 20% (Narancic et al., 2020), and the amount of plastic entering the environment
will reach 1.3 billion tons (Lau et al., 2020).

Moreover, a significant proportion of greenhouse gas emissions, approximately 50%, are
directly attributable to the manufacturing process of conventional plastics (Huang et al., 2025). In
contrast, the production of bioplastics has been shown to result in a reduction of emissions by 14%
to 62% (Chen et al., 2023).

In this context, the transition to bioplastics is becoming increasingly important to reduce the
carbon footprint and ensure biodegradability. Of particular interest within the field of biopolymers
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are polylactic acid (PLA) and polycaprolactone (PCL). PLA is a highly promising biopolymer that
has demonstrated significant commercial viability. It is distinguished by its low density, cost-
effectiveness, and optimal balance of flexibility and rigidity (Wu et al., 2023). PCL is distinguished
by its high biocompatibility, biodegradability, and good elasticity, which are attributable to its low
glass transition temperature (Mokoena et al., 2025; Dwivedi et al., 2019).

The combination of these characteristics renders PLA and PCL promising materials for the
formation of bio-coatings, including those using aqueous dispersion systems (Belletti et al., 2021;
Calosi et al., 2024).

Concurrently, the implementation of bio-coatings is associated with a number of limitations.
The eco-compatibility of such materials, particularly their biodegradability, does not always align
with the requirements for long-term operational stability. For practical application, the material must
maintain its integrity, adhesion, and functional properties throughout its specified service life, while
its degradation must occur in a controlled manner (Glaskova-Kuzmina et al., 2021), preferably after
the end of its use. In this regard, achieving an equilibrium between durability and biodegradability
constitutes a pressing challenge in the contemporary context (Jahangiri et al., 2024).

Despite the growing popularity of biopolymer coatings, the issue of their service life remains
under-researched. For PLA, the preparation of coatings from aqueous dispersions has been the subject
of study Belletti et al. (2021), but their resistance to UV radiation has not been addressed. Most studies
on PLA and PCL have been conducted independently of one another, notably in the works of Copinet
et al. (2004) and Vukoje et al. (2022). However, no comparative analysis of the UV resistance of
coatings made from these materials by applying solutions and aqueous dispersions was found in the
available sources.

The objective of this study is to comparatively analyze the photodegradation resistance of
coatings based on polylactide and polycaprolactone, obtained from solutions and aqueous
dispersions. Also, a direct experimental comparison with melt-processed films was not included in
the present study, since its main objective was to compare coatings formed from polymer solutions
and aqueous dispersions.

Materials and Methods. In this study, PLA 4060D and PCL CAPA-6503 were used as
polymers. The PLA 4060D grade was selected due to its amorphous structure (glass transition
temperature of 55-60 °C), which improves its suitability for use in films. PCL CAPA-6503 was
selected as a biodegradable thermoplastic polyester due to its excellent processability and ability to
form flexible semi-crystalline materials. Its low glass transition temperature (—60 °C) ensures high
flexibility and stability in film form. Dichloromethane was used as the solvent for PLA and PCL.

The procedure for preparing PLA and PCL dispersions was identical and consisted of the
following steps. In the first step, sodium dodecyl sulfate (0.21 g) was dissolved in distilled water
(53.6 g). Next, 50 g of a 5% PLA or PCL solution in dichloromethane was gradually added to the
solution. The each PLA and PCL solution was mixed with the sodium dodecyl sulfate solution using
a disperser at a speed of 27,000 rpm for 2 minutes. The next step was the gradual removal of
dichloromethane, which was carried out on an rotary evaporator. The water bath temperature was
40 °C. To accelerate the removal of dichloromethane, a mild vacuum of up to -0.5 atm was created.
After 4 hours of distillation, the resulting dispersions were cooled to room temperature and dried
under vacuum in static conditions for an additional 2 hours. The next step was to wash the PLA and
PCL dispersions to remove sodium dodecyl sulfate. To do this, water and dispersion particles were
separated by centrifugation at 13,500 rpm for 20 minutes. The process was repeated 3 times, replacing
the water remaining after centrifugation with distilled water. To concentrate the PLA dispersion for
rapid water removal, a vacuum drying oven was used at 40 °C and full vacuum. Then, PCL and PLA
particles from an aqueous dispersion were deposited onto a metal substrate using a coater with a gap
width of 100 um and dried at room temperature. In the next step, the metal substrate with the deposited
sample was heat-treated until a continuous transparent film formed.
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UV irradiation of the samples was conducted in accordance with ASTM International (ASTM
D 4329) using a 250 W UVC fluorescent lamp. The samples were exposed for 8 hours at 60 £ 5 °C.
Optical microscopy images were obtained on a Konus Academy optical microscope usinga UCMOS
1300 digital camera (Sigeta Optics) and ToupView software. Chemical analysis was performed using
FTIR spectroscopy in ATR mode (IRSpirit, Shimadzu). For water contact angle and evaluation
surface tension values were used contact angle goniometer (BGD-190, Biuged Precision Instruments,
Guangzhou, China) with parameters 5 pL drop volume, 10 different positions on the sample surface.
The melt flow index was determined for samples in accordance to the 1SO 1133-22 procedure.

Results and Discussion. The main stages of the process of forming a polycaprolactone film
from dispersions are shown in (Fig. 1). During drying at room temperature, a dry, uniform layer of
polymer microparticles (Fig. 1a) with a thickness of 120-150 um was formed. This layer was heated
on a heating plate at a rate of 10 °C/min. Fig. 1b shows the phase boundary of the material discrete
particles a continuous film with air inclusions. The coalescence of particles is due to the fact that as
the temperature rises to 60 °C, the interaction between particles intensifies due to surface forces,
resulting in a significant number of particles deforming and beginning to coalesce, forming a film
(Belletti et al., 2021). At this stage, small particles coalesce first, while larger particles and aggregates
remain visible on the surface (Fig. 1c). At this stage, the film is not fully transparent. To complete the
formation of a continuous coating, including the coalescence of larger particles and aggregates, the
thermal treatment temperature was increased to 80 °C and maintained for 5 min (Fig. 1d).

C

Source: developed by the authors of this study based on the findings of experimental research.
Fig. 1. Optical microscopy of film formation from PCL dispersion particles:
a) 25 °C; b) 50 °C; ¢) 60 °C; d) 80 °C

The experiment revealed that the initial contact angle for films produced from dispersed
particles is abnormally low, at approximately 40-45°. After rinsing the film with clean warm water,
the contact angle returns to the typical range for polycaprolactone and polylactide of 60-80° (Fig. 2).
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a b
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Source: developed by the authors of this study based on the findings of experimental research.
Fig. 2. Initial contact angles of films:
a) PLA solution; b) PCL solution; c) PLA dispersion; d) PCL dispersion

This may be due to the presence of residual sodium dodecyl sulfate (SDS) remaining after the
dispersion stage (Tzitzinou et al., 1999). During the thermal sintering of the particles, the surfactant
likely migrates to the surface of the film, which leads to a decrease in the contact angle.

The effect of heat treatment itself on surface hydrophilization has not been confirmed, since
the films obtained from the solution did not show a decrease in the contact angle even after 30 minutes
of heat treatment under similar conditions.

In this regard, during sample preparation prior to measuring the contact angle, it was decided
to rinse them with warm water and dry them in an oven at 40 °C.

The film-forming process of polylactic acid films differed from PCL only in the characteristic
temperatures of the film-forming processes and was studied in detail by us in O. Myronyuk et al.
(2025). In particular, for unplasticized PLA, the onset temperature of film formation is 110 °C, and
the formation of a continuous film (final removal of entrapped air bubbles) is 160 °C. In principle,
film formation from such dispersions is similar to the formation of films from aqueous polymer
emulsions, but requires additional heating after water evaporation.

It is known that film formation from aqueous polymer dispersions occurs through the
sequential evaporation of the dispersion medium and the coalescence of polymer particles under the
action of capillary forces (Brock et al., 2010). The determining parameters of this process are both
the value of the capillary pressure (determined by the size of the capillaries between the particles)
and the softness of the polymer particles, their ability to deform (Semerdzhiev et al., 2024).
Accordingly, a hypothesis was formulated regarding a probable correlation between the ratio of
polymer viscosity and the minimum temperature of their film formation.

To test this hypothesis regarding a possible correlation between the melt flow index (MFI)
and the particles’ ability to coalesce (Voogt et al., 2019), MFI measurements were conducted for
polylactide and polycaprolactone pellets (Fig. 3).

12



ISSN 2786-5371 print; ISSN 2786-538X online Ximiuni ma diopapmayesmuuni mexnonozii

Texnonozii ma insrcunipune, T. 27, No 1, 2026

Technologies and engineering, Vol. 27, No. 1, 2026 Chemical and Biopharmaceutical Technologies

7 )pLA i
25 . ; /7]pc
7_
< =
g 20 1 £ g4
o o
— i
o S5
X 15 4 x
[ (]
©
£ 2a-
2 =
& 10 S
= 4=
= =
(]
= =2
5] ]
1_
0
180 200 220 100 120 140 160 180

Temperature, °C Temperature, °C

Source: developed by the authors of this study based on the findings of experimental research.

Fig. 3. Melt flow index of PLA and PCL pellets

It was expected that a higher MFI, as an indicator of greater melt fluidity, would correspond
to a lower film-forming temperature. However, the results did not confirm this relationship. For PCL
at 180 °C, the MFI value was lower than that for PLA, at 5.87 versus 8.26, while the film-forming
temperature of polycaprolactone is lower than that of polylactide. For PCL, film formation begins as
early as 60 °C (30 sec), but to ensure complete fusion of all aggregates, the temperature was increased
to 80 °C (10 sec). For PLA, film formation begins at 110 °C (60 sec), and the film becomes fully
transparent at 130 °C in 30 sec.

One possible explanation for this discrepancy is that particle coalescence occurs
predominantly not in the temperature range corresponding to the viscoelastic state, but in that
characteristic of the highly elastic plateau. As described in Man and Russel (2008), the particles
deform, filling the free volume, accompanied by surface diffusion of the mobile segments of the
polymer chains. In this case, the determining parameters are the elastic modulus of the particle
material at a given temperature and their “stickiness”, which is due to segmental mobility.

Degradation of films under UV light. To compare the effects of UV irradiation on the surface
of the films, the water contact angle was measured. The results of the study (Table 1) indicate that
under the influence of UV radiation, the surface of both polymers rapidly becomes hydrophilic (Koo
& Jang, 2008), with PLA being more sensitive to UV radiation than PCL.

Table 1
Change in the water contact angle of PLA and PCL films
as a function of UV irradiation duration

Sample Water contact angle, | Water contact angle, | Water contact angle,
°(0 hours) ° (4 hours) °(8 hours)
PLA, solution-based film 74+3 58+3 24+3
PCL, solution-based film 853 763 40+3
PLA dispersion-based film 79+3 56+3 3313
PCL, dispersion-based film 58+3 56+3 43+3

13

Source: developed by the authors of this study based on the findings of experimental research.
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For films prepared from solution, the initial contact angle of PLA was 74+3°, and that of PCL
was 85+3°. After 4 hours of UV irradiation, this value decreased to 58+3° for PLA and 76+3° for
PCL, and after 8 hours — to 24+3° and 40£3°, respectively. A similar pattern was observed for films
formed from dispersed particles. The initial contact angle for PLA was 79+3°, and for PCL, 58+3°.
After 4 hours of irradiation, both samples had a contact angle of 56£3°, and after 8 hours, this value
decreased to 33+3° for PLA and 43° for PCL.

Change in surface energy. The hydrophilization of PLA and PCL polymer films is primarily
attributed to an oxidation process involving ultraviolet light quanta and oxygen molecules (or ozone),
which, upon interaction with surface micromolecules, lead to the formation of a set of polar groups —
ranging from unstable hydroperoxides in the initial stages of the process to relatively stable carboxyl
groups that accumulate on the surface. Consequently, these groups increase the growth of the polar
component of surface energy, the wettability by polar liquids, and, in particular, water (Koo & Jang,
2008).

Fig. 4a shows that under UV irradiation, the surface energy of both polymers increases at a
rate of approximately 1.8-1.9 times after 8 hours of irradiation. PCL has a lower initial surface energy
and, consequently, a lower surface energy after irradiation as well.

The same trend is observed when coatings are obtained from polymer dispersions, but for
them the overall rate of energy increase is lower, as is the resulting value after 8 hours of irradiation.

Also noteworthy is the difference between the surface energy values for soluble films and dispersions
after 4 and 8 hours of irradiation.
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Fig. 4. Change in surface energy as a function of UV irradiation duration:
a) films formed from solutions; b) films based on dispersed particles

For films prepared from a solution, the rate increases significantly after 4 hours of irradiation,
whereas for those prepared from dispersions, it remains nearly constant.

This difference can be explained by the fact that films formed from a solution in
dichloromethane are characterized by a denser packing of macromolecules and a smaller number of
structural defects and amorphous interparticle boundaries, which reduces scattering and shielding of
UV radiation and promotes more efficient photodegradation. At the same time, films from aqueous
dispersions have a heterogeneous morphology with interparticle boundaries and residual stabilizers,
which can partially absorb or scatter UV radiation and slow down degradation (Tzitzinou et al., 1999).
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IR spectroscopy. The primary mechanism of polylactide photooxidation involves the
photolysis of the ester bond, followed by radical chain scission via the Norrish Il mechanism and the
formation of hydroperoxides, which subsequently decompose to form carboxyl and unsaturated
groups (Olewnik-Kruszkowska et al., 2015). At the same time, given the significantly higher intensity
of the absorption bands of the valence vibrations of carboxyl groups compared to the corresponding
vibrations of unsaturated bonds, analysis of this specific part of the spectrum is the most accurate.

The primary mechanism of polycaprolactone photodegradation involves auto-oxidation
leading to the formation of hydroperoxides and subsequent B-cleavage of the macromolecular chain.
In the IR spectrum, this manifests as an increase in the intensity of the carbonyl (~1700-1730 cm™)
and hydroxyl (3600-3200 cm™) groups, as well as a decrease in the intensity of the C—O-C ester
bond bands (Franga et al., 2018).

To characterize the degradation processes based on the analysis of spectra of polymer films
obtained from solutions (Fig. 5), the ratio of the area of the “shoulder” of the main carbonyl peak at
1700-1690 cm™ in the fresh film to that in the film after 8 hours of degradation was used as an
indicator.
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Fig. 5. Changes in the IR spectrum as a function of UV irradiation duration
for solution-cast films
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For polylactide, this value is 1.45, and for polycaprolactone, it is 1.5. This confirms previous
findings regarding the similarity in the photodegradation rates of these materials.

At the same time, for the dispersions (Fig. 6), this coefficient is lower — 1.32 and 1.27,
respectively — which indicates a slight slowing of the oxidation process in this case.
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Fig. 6. Changes in the IR spectrum as a function of UV irradiation duration
for films from dispersions

Overall, the results obtained are consistent with observations of changes in the surface energy
of polymers during photooxidation. It can be concluded that the main reason for this increase is the
accumulation of carboxylic acids, which are produced during the decomposition of hydroperoxides
formed as a result of contact between polymer molecules and atmospheric oxygen (Olewnik-
Kruszkowska et al., 2015b).

Future research in this area should focus on expanding comparisons of various methods for
forming biodegradable polymer coatings, particularly those involving melt-formed films, and on
evaluating the effects of coating thickness, crystallinity, and morphology on their resistance to UV
aging. It is also advisable to study long-term aging under the combined action of UV radiation,
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temperature, humidity, and oxygen, as well as to investigate changes in mechanical properties,
adhesion to the substrate, molecular weight, and biodegradation behavior after irradiation. In future
work, special attention should be paid to the influence of residual stabilizers, surfactants, plasticizers,
and functional fillers on the photooxidation processes of PLA and PCL coatings, which will allow
for the targeted regulation of the balance between operational stability and the materials’ ability to
undergo controlled degradation.

Conclusion. It has been shown that the photodegradation rates of polylactide and
polycaprolactone are very similar: the area of the “shoulder” at 1700-1690 cm™*, which is an indicator
of the amount of carboxylic acids products of photodegradation increases by 1.45 for polylactide and
by 1.5 for polycaprolactone after 8 hours of irradiation. This is accompanied by an increase in the
surface energy of these materials from 35 to 70 J/m? and from 30 to 62 J/m?, respectively. It has been
established that films made from dispersions are somewhat more resistant to the effects of ultraviolet
radiation compared to films made from solutions. Thus, for them, the area of the specified “shoulder”
increases only by a factor of 1.32 and 1.27, while the surface energy increases to 64 J/m? for
polylactide and 56 J/m? for polycaprolactone. It has been proven that the ratio of the minimum film-
forming temperatures of the studied polymers does not correlate with the ratio of their melt flow
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OOTOAECTPYKIIA BIOPO3KJIATHUX ITOJIMEPHHUX ITOKPUTTIB HA OCHOBI
HOJIJIAKTHUAY 1 HOJIKAITPOJIAKTOHY

Mema. Ilopiguanus cmitukocmi 00 PomooecmpyKyii NOKPUMMIe HA OCHOBI NONINAKMUOY mda
NONIKANPOIAKMOHY 3ANENHCHO 8I0 NPUPOOU NOAIMEPY MaA CHOCOOY POpMYBAHHS NIIGKU.

Memoouxa. Booui Oucnepcii o0depocysanu MemoooM emyivey8aHHsi PO3UUHY HOAIMEpY 8
OUXTIOpMEMAari, 3 NOOANLUWUM BUOATICHHAM OP2AHIYHO20 PO3YUHHUKA, NPOMUBAHHAM I KOHYEHMPYEAHHAM.
Inisku 3 oucnepciii popmysanu HaneceHHAM HA Memanesy NiOKIAOKY 3 HACMYRHOIO MepMIUHOI0 00POOKOIO 00
VMBOPEHHA CYYIIbHO20 NOKPUTNMIAL.

Mna oyinku 3miH, cnpuyumeHux YD-onpomineHHsM, OYI0 GUSHAYEHO KYmM 3MOUYEAHHS 600010,
nosepxmegy eHepeito, a makoxc npoananizogarno I4-cnekmpu nnigox. Ilpoananizosano ocobausocmi
NIIBKOYMBOPEHH Ma BU3HAYEHO NOKA3HUK MEeKY4OoCmi pOo3Niaey pamysi NOMAAKmuody i noaikanpoiakmoHy
015l OYIHKU MONCIUBO2O 38 A3KY MIJC DEONOSINHUMU XAPAKMEPUCMUKAMU NOIMEPY Ma MeMNnepamyporo
Koanecyenyii 4acmuHoK.

Pezynomamu. Bcmanosneno, wo nio Oicio Y®-onpominenns nogepxus 060x nonimepis ueuoxko
eiopoginizyemucsa. [[ns niigok, OmpuMaHux i3 posuunie, nicisi 8 200uH ONPOMIHEHHS Kym 3MOYYBAHHS
smeHuygascs 3 74+3° 0o 24+3° ona noninakmudy ma 3 85£3° 0o 40+£3° Ons nonikanporaxmony. lns
noxpummie, cghopmosanux iz 600HUX Oucnepciu, 8iON0BIOHI 3navenHs 3miniosanucs 3 79+3° 0o 33+£3°ma 3
58+3° 00 43+3°. 3a danumu I9-cnexmpockonii 6cmano6ieno 3pOCmants NAowi nieya KapOoHiIbHO20 NIKY 6
obnacmi 1700—1690 cym™, wo nos ’si3a1o 3 HaKONUYEHHAM KAPGOHOBUX KUCIOM K NPOOYKMIE (POMOOKUCHEHHS.
Tokaszano, wo nokpummsi, cgpopmosani 3 OOHUX OUCNEPCIll, BUABTAIOMb 0ewo Uy CMIUKIcmb 00 0ii Y-
BUNPOMIHIOBAHHS NOPIGHAHO 3 NILIBKAMU, OMPUMAHUMU 3 POZYUHIB.
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Haykoea nosusna. AxkmyanbHicms 00CHIONCEHHA 3yMOBIeHA HeOOXIOHICIIO NOEOHAHHSL eKOJIO2TYHUX
nepesaz 06iononimepis iz 00CMAMHLOI eKCHIYAMAYiliHOW CMAOITbHICIIO NOKPpUMMmMIE ni0 OIi€H 306HIUHIX
YUHHUKIG, 30KpeMa YIbmpapionemosoeo eUnpOMiHIO8AHHSL.

Ilpakmuuna 3nauumicme pobomu nojsA2aA€ y 6CMAHOBNEHHI 8IIUBY CNOCODY POPMYBAHHA NOKPUMMIE
Ha ix cmitkicmb 00 Y@-cmapinus, wo modce 6ymu GUKOPUCMAHO NIO 4ac po3poOSeHHs OIOPO3KIAOHUX
NONIMEPHUX Mamepianis i3 3a0anumu eKcniyamayiunumu gnacmusocmamu. Ompumani pe3yiomamu MO’Cyms
oymu euxopucmani O0Jisi OOIPYHMYSAHHS 6UOOPY CHOCOOY opmysants OIOPO3KIAOHUX NOKPUMMIE I3
NPOCHO308AHOI0 CIMIUKICIIO 00 POMOCMAPIHHS.

Knrouoei crosa: biononimepni nokpummsi;, pOmMoOKUCHEHHS, 600HI OUCNEPCIl; NIIBKOYMBOPEHHS, Ky
3MOUY8aHHs, nogepxuesa enepeis,; 14-cnexmpockonis.

21



ISSN 2786-5371 print; ISSN 2786-538X online Ximiuni ma diopapmayesmuuni mexnonozii

Texnonozii ma insrcunipune, T. 27, No 1, 2026
Technologies and engineering, Vol. 27, No. 1, 2026 Chemical and Biopharmaceutical Technologies

https://doi.org/10.30857/2786-5371.2026.1.2
Received: 10.02.2026 || Anarodiii JAHUJIKOBHUY, Onena OXMAT

Revised: 05.03.2026 || Kuiscwvxuii HayionansHull yHieepcumem mexnonoz2iti ma ousainy, Yxpaina

Accepted:  09.04.2026

®OPMYBAHHS EJACTUYHOI IKIPH JJIs1 B3YTTS
YK 675.92.027:675.2

Mema. Iliosuwenns eracmuynocmi wKipu O 6epxy 63ymms ULIAXOM GUKOPUCTIAHHS 6 Npoyecax
000Y01108AHHA-HANOBHIOBAHHS eH3UMIE 2IOpoimu4HOl Oii.

Memoouka. Y 0ocniodcenni 3acmocosano mMemoo ACUMempuyHoi 6axpomu Oisl KOMNIEKM)BAHHS
00CHIOHUX napmil 3pasKie ma ix nooanvuty epmeHmamusHy 00poOKY eH3UMAMU 34 KOHMPOLbOBAHUX
memnepamypHux ymos. Egpexmusnicmv cmeopenns enacmuunoi cmpykmypu OyiHIOGANU WIISIXOM AHALI3Y
NPYHCHO-NIAACMULHUX GLACMUBOCINET WKIPSIHUX MAMEPIANI6, iX XIMIYHUX Ma PI3UKO-MEXAHIYHUX NOKAZHUKIE.

Pezynvmamu. J[ocniodceHo naue umpam eH3umie Ha NPYICHO-NIACMUYHT IACTNUBOCTNT WKIPAHUX
Mamepianie ma eusHaveni ix gizuxo-ximiuni enacmugocmi. Bcmanoeneno, wjo Haudinbui eqhexmuerull nIug
Ha NIOSUWEHHS eIACMUYHOCTE HANIBHAOPUKAMY SUAGTAE CYMIUL eH3UMIE 2I0POIMuUYHOl il 30 ONMUMATLHOT
sumpamu 0,2% 6i0 macu uaniegpabpuxamy. 3acmocysanus 00CHOHOI MEXHON02IT 0036018€ OMPUMAMU
enacmudHULl WKIpAHUtl mamepian i3 MeHwioro sxcopcmricmio Ha 33—47% ma euwum 00 €EMHUM BUXOO0OM HA
5,3% nopisnano 3 munosoro mexuonoziero. Takoxic cnocmepieacmvcs 30iMbUIEHHS 8UXO0Y NAOWE 20MO8OI
wikipu Ha 5,1-6,7% npu oOHouacHomy 3meHuenHi sumpam Ximiunux peacenmis Ha 27,0%.

Haykoea moseusna. Bcmanoeieno xapaxmep 3aieHCHOCMI RPYICHO-HAACHUYHUX Ma  Di3uKo-
MEXAHIYHUX B61aCMU8OCHell WKIPAHO20 Mamepiany 6i0 6udy ma KOHYeHMpayli eH3UMHUX pedceHmis,
BUKOpUCTAHUX 0715 IX 00poOKU. [J06e0eHO cunepeemuyHuUll eheKm BUKOPUCAHHA CyMIWT eH3UMi6 Ha cmaodii
PiOUHH020 030001eHHs 05 naacmuixayii cmpykmypu oepmu.

IIpakmuuna 3nauumicms. Po3pobieHO pecypcoowjaoHy mexHono2ilo eUpOOHUYMEa enacmudHux
WIKIpsAHUX mamepianie 011 gepxy e3ymms. Ompumani pe3yipmamu MoxiCymov Oymu SUKOPUCTHAHI 075l
PO3pobIeHHs HOBUX MEXHONOTI GUPOOHUYMBA WIKIP UUPOKO20 ACOPMUMEHTNY.

Knrouoei cnosa: wuanispabpuxam xpomosoco 0yOnenHs; eH3umHe 00pobaeHH:, 000YON08aAHHS,
HANOBHIO8AHHS, CUHMAH-MAHIOHA KOMNO3UYIS, 81ACTNUBOCHI].

Beryn. Enactuuni mikipu 3aBIsKu KOMITIEKCY iX CHeIiaabHUX (i3UKO-XIMIYHUX, TITIEHIYHUX
Ta IHIIMX BJIACTUBOCTEH KOPHUCTYIOTHCS IIMPOKUM IIOMMTOM B PI3HUX Taly3sfX HApPOIHOTO
rOCIIOAapCTBa BPaXxOBYIOUH iX BUCOKY €KOJIOTTYHY Oe3medHicTh. [Ipu bOMy CIOKHMBHI BJIaCTUBOCTI
HaTypaJbHUX LIKip 0OYMOBIIOIOTH BHCOKHI MOMUT HacedeHHA. Lle cTocyeThes X BUKOPUCTaHHS y
IIBEHHIM, MeONeBi Ta IHMMX o0macTax BUPOOHWYOI mismbHOCTI. [Ipm dYomy y B3yTTEBiH
MPOMMCIIOBOCTI IIKIPH MiJBUIICHOT €MaCTUYHOCTI KOPHCTYIOTHCS OCOOJMBO BHCOKHM ITOITHTOM
HACEJICHHs, 110 OOYMOBIIOE iX BUKOPUCTaHHS IpPH BUTOTOBJIEHHI B3YTTS CAaMOro ILIMPOKOTO
ACOPTUMEHTY. Y LbOMY BIJIHOLICHHI Taki MIKIpU MOXYTh OyTH OTpPHUMaHI BHACTIIOK MOLIYKY
e(DEeKTUBHUX XIMIYHUX pEarcHTIB 1 PO3POOJICHHS TEXHOJIOTIH PaIliOHAIBHOTO iX BUKOPUCTaHHS Y
MIKipSTHOMY BHPOOHUIITBI. 30KpeMa, I1e CTOCYETHCS O10JIOTTYHO aKTHUBHHUX 1 )KUPYBaJIbHUX PEAarcHTIB
Ta JO01yO0I0BaIbHO-HATTOBHIOBAIHHIX KOMITO3HITIH.

JUis miIBUIIEHHS PYXJMBOCTI BOJOKHUCTOI CTPYKTYPH IIKIpU NpH 30epekeHHI BHCOKUX
(hi3uKO-MEeXaHIYHUX BJIACTUBOCTEH JOCIITHUKAMH PEKOMEHIYETHCS BUKOPUCTOBYBATH y TEXHOJOT11
il BUTOTOBJICHHS peareHTH HaTypajbHOI 1 CHHTETWYHOI mpupoau. Hampukian, Ha crafii JTy>KHOTO
00pOOJIEHHST KOHCEPBOBAHUX INKYp CylIb(iOM HATPifO 1 TIAPOKCHIOM Kajbllifo aBTopamu [1]
BCTAaHOBJICHO €(EKTUBHE BHUJAJIECHHS HECTPYKTYPOBAaHMX IHTPEHI€HTIB JE€PMH, 30KpeMa
roJTicaxapuiB 1 MPOTEOITIKaHIB, 3aBASKA €H3UMHIN periaparanii cupoBunu [2]. Hocmigauku [3]
3ayBaXKyIOTb, 1110 BUKOPUCTaHHS ()epMEHTHOT 0OpOOKU OKPIM TEXHOJOTIYHOI €()eKTUBHOCTI CIPHSIE 1
MMOKPAIIECHHIO EKOJIOTIYHOTO acleKTy 0oO0poOku HarypainbHOi mkipu. Ha cranmii 3He3omtoBaHHS
HmKipsHOro HamiBhaOpukary aBTOpu [4] pEKOMEHIYIOTh BHUKOPHUCTOBYBATH O1OJIOTIYHO AaKTHUBHI
peareatu Lithudac LI Novo Bate WB, a npu 3HE:KUPIOBaHHI JJIs1 BUJAJICHHS KUPOBHX PEUYOBHH —
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TyXHI Jina3sdw Ta iX CyMmilli 3 JY)KHUMH mporeazamu. ABTopu [5] mig ruractudikamii mkip
BUKOPHUCTAIN MOIU(]IKOBaHE MaJIbMOBE MAacCjIO Ta KPEMHIEBY CIOJYKY, MOJEKYIU SKOi MICTSThH
KIHLIEBI T APOKCUIIbHI TPYIH 3 HACTYITHOIO iX eTepuQiKalliero MaleiHOBUM allbAETiAoM 1 OicynbdiToMm
HaTpito. BukopucTaHHS KOJIAr€HOBUX TOJIMENTHIB, OTPUMAHMUX 3 BIAXOIIB IIKIPSHOTO
BUPOOHMLITBA, Y AYOUJIBHHX IpoOIecax TAaKOX CIPHSIE OTPUMAHHIO M SIKOi, €IaCTHYHOI IIKIpH 3
BHCOKOIO MApONpPOHUKHICTIO [6]. Bimomo [7] BuKOpHCTaHHS KOMITO3UIl aHionHoro tumy Coripol
ALF Ha oCHOBI JeIMTHHY y BHPOOHHMITBI IIMPOKOTO ACOPTHMEHTY eNacTHMYHUX wikip. Llei
MoIHu(iKaTOp BOJOKHUCTOI CTPYKTYPH Ma€ HU3bKY B’SI3KICTH Ti 3a0e3Medye CTIMKICTh OTPUMaHUX
IIKip A0 CBiTHa 1 Temmeparypu. Y poOoTi [8] BCTaHOBIEHO MiABHMINEHHS MPY>KHO-TUIACTHYHUX
BJIACTUBOCTEH IIKIpH B PE3yJIbTaTi BILUIUBY KOTOJIIMEPiB HA OCHOBI aKpUJIOBOI KHCIIOTH B IIpoIiecax
nonyOmtoBaHHs. ABTopamu [9] ITOCHIPKEHO BIUIMB Ha CTPYKTYPY 1 BIACTHUBOCTI HIKIPHU JUIS BEPXY
B3YTTs MOMIAaKpHIOBOTO 1 MenamiHnodopmanbaeriqnoro cuHTaHiB RS3 Ta LF187. Bcranosneno
e(eKTUBHIIIUI BIIIMB Ha (i3UKO-MEXaHIYHI MOKAa3HUKHU MIKipu cuHTany RS3 yxe npu iforo Butpari
2,0% wmacu HamiBpabpukary, a npu BUTpaTi 4 % 301IbIIYEThCS BUXiJ TOBIIMHU LIKIpH Ha 5,5%.
EnactuuHi mkipu, OTpuMaHi 3 BUKOPUCTAaHHSAM HAaHOKOMIIO3HUIIIl HAa OCHOBI MOHTMOPWJIOHITY 1
nomakpmwioBoi kuciotu [10, 11], xapakTepu3yrOThCs IiJIBHIIEHOIO OPIEHTAIIEI0 BOJOKHUCTOT
CTPYKTYpH. 3aCTOCYBaHHS HAHOKOMIIO3UTIB Yy BHPOOHHMITBI HATypalbHOI IIKIpH HE TUIBKU
MPU3BOAUTL J0 TOKPAIIEHHS iX €IacTHYHOCTI Ta (PI3MKO-MEXaHIYHUX BJIACTUBOCTEH, aie 1
3a0e3mneuye mepexiy 10 Tak 3BaHUX <«3ejeHux» TexHojorii [12, 13]. BukopucranHs mpupomHux
BHCOKOJIUCTIEPCHUX CHJIIKAaTiB, MOAM(IKOBAHWX aKpWIOBHMH monimMepamu [14], 3abe3neuye
30epexeHHs e(PeKTy pOo3AIIEHHS] BOJOKHUCTOI CTPYKTYPH LIKipH MICI]Isl 3HEBOAHEHHS 1 MiABUIILYE ii
MPYXHO-TUIACTUYHI BIAaCTUBOCTI. OTXKe, aHai3 HAyKOBO-TEXHIYHOI JIITEpaTypu MiATBEPIKYE, IO
CydacHI CTparerii peryioBaHHS NPYKHO-TJIACTUYHUX BJIACTUBOCTEH IKipu Oa3ylOThCs Ha
KOMIUIEKCHOMY BUKOPHCTaHHI 010JI0T1YHO-aKTHBHUX CIIONIYK Ta XIMIYHUX peareHTiB. be33zanepeunum
€ Te, IO C€H3WMHI MpernapaTd € HaWOLIbIl €()EKTUBHUMH Yy IMATOTOBYMX Ta TMEPeIAyOMITHHUX
npouecax. [Ipore moreHmian ix 3aCTOCYBaHHsS Ha 3aKIIFOYHUX CTaAisIX PIIMHHOTO O3700JIOBAHHS
3QIMIIAETHCS  HEIOCTAaTHRO BHUBYCHHM, IO OOYMOBJIIOE€ HEOOXIAHICTH JOCIHIDKEHHS BIUIUBY
(bepMeHTIB Ha CTPYKTYpHI 3MIHH JAepMH A1 (GOpPMYBaHHS HEOOXiTHHX (hi3UKO-MeXaHIYHUX
XapaKTEPUCTHK €IACTHYHUX MIKIPSHUX MaTepiaiB.

ITocTanoBka 3aBaaHHA. MeToro poOOTH € MiJBUIIECHHS €IAaCTHYHOCTI HIKIPU VIS BEpXY
B3YyTTs IIIIXOM BUKOPHUCTAHHS B MpOIecax JAOAYOITIOBaHHS-HAIIOBHIOBAHHS €H3UMIB T1IPOJITUYHOT
aii. JInsg nporo peanizoBaHi HACTYMHI 3ajadi: JOCIIJKEHHS BIUIMBY BUTpAaT €H3MMIB Ha IMPYKHO-
IJJACTUYHI BJIACTUBOCTI CTPYKTYpPOBAHOTO MIKIpsSHOTO HamiB(abpukary; ¢opMyBaHHS €IaCTUYHOT
MIKipY Ui B3YTTS; BU3HAUCHHS (PI3UKO-XIMIYHUX BJIACTUBOCTEH EH3MMHO-00pOOIEHOrO
HariBpaOpuKkary, BU3Ha4YeHHS (PI3UKO-XIMIYHUX BJIACTUBOCTEH OTPUMAHOTO IIKIPSHOTO Marepiaiy.

Marepiagu Ta MeToaM J0CaizKeHHsl. Y poOOTI BUKOPHCTAHO WIKIpSHHUNA HamiB(aOpukar
BEJIMKOI poraToi Xy1o0u XpoMOBOTO JTyOJICHHS, OTPUMaHUH 31 IIKYP MOKPOCOJIEHOTO KOHCEPBYBAaHHS
— Omuka mMacoro 18 Kr 1 suTiBKM Jerkoi macoro 13 xr, Topmuuoro 1,4 mm ta 0,9-1,1 MM BiAIOBIIHO.
Sk 0610JIOTIYHO aKTHMBHI PEareHTH BUKOPHUCTAHI €H3WMHU TIAPONITHYHOI Mii, BUIUICHI 3 KYJIbTYpP
Bacillus subtilis i Aspergillus awamori [15], BiamoBinHo eH3um-1 i en3uM-2. EH3uM-3 € cymimiiio
eH3uMIB 1 1 2 B3ITHX y piBHUX J0JAX. JIJIS TOCHIPKEHHs BIUIMBY €H3UMIB Ha MPY>KHO-TUTACTHYHI
BJIACTUBOCTI CTPYKTYypOBaHOro HamiB(abpukary ocHoBHMMHU crionykamu xpomy (III), Buxopucrani
3pazku po3mipom 10x18 cm 3 meHTpanbHOI MIISHKK HamiBpaOpukaTy MmKyp Owdka. 3pa3ku
00pobmsuIMch mapTisiMH, TiAiOpaHuMH 1Mo 16 mMTyK 3a METOJ0M acuMeTpuuHoi Oaxpomu [16], y
na6oparopaoMy 6apabani 06’ emMom 10 1v° pw iforo o6epransi 3i mBuaKicTio 18-20 x™. Criouarky
3pa3ku HeifTpanizyBanu 10 pH 5,4 pozunHom ¢opmiaty i 6ikapOoHaTy HATPIIO MPH CITiBBITHOLICHHI
1/1 3 HactynauM nipoMuBaHHsAM. [Ipu iboMy TemmniepaTypy Bou miaBuInyBaau a0 75 °C BiAMOBIIHO
70 YMOB €H3MMHOT0 0OpOOJICHHS 3a CIIBBiAHOIIEHHS Boaa/HamiBhadbpukat 1,5/1,0 ynponosx 10-
15 xB 3a TpuBanocti 06pobaenns 17—-20 xB. Crifg 3ayBakuTH, 110 BUOpaHa TeMIieparypa o0poOaeHHs
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HamiBpalOpukary OOyMOBJIEHAa TEMIEpaTypor0 HOro TifpOTepMiuHOI CTIMKOCTI 3 BpaxyBaHHSIM
TEMITepaTypHOI 3aJIeKHOCTI TMPOIECIB CTPYKTypyBaHHs. KOHTpoibHUMH Oyiu HEWTpasi3oBaHi i1
00po06JIeHI KUPYBATBHUM PEareHTOM 3pa3Ku HamiBhaOpHKary.

PesyabraTu aociaizkeHHs1 Ta iX o6roBopeHHsi. Pe3ynbpratu MOCHIIKEHHs BIUIUBY BHTpAT
SH3UMIB Ha IPYXHO-TIACTHYHI BIACTUBOCTI CTPYKTYpOBaHOTO HariB(habpuKkary HaBeneHi Ha puc. 1,
Ha SIKOMY KOPCTKICTh 1 MEXKY MIITHOCTI IIKIpsSIHOTO HamiB(abpukary BimoOpakaroTh KpuBi 1-3 1 4—6;
eHzuMam 1, 2 1 3 Hanmexarhb BiAMoBigHO KpuBi 1, 4; 2, 5 Ta 3, 6. SIk BUIHO 3 OTpUMAHUX JaHUX TpPU
301JIBIIICHH] BUTPAT €H3UMY- | JKOPCTKICTh HamiBpaOpuKaTy 3HUIKYETHCS, @ HOTO MeXa MIITHOCTI MPH
[IOMY JIOCSITa€ eKCTPeMalibHOTO 3HaueHHs 3a BuTparu 0,2% macu HaniBpabpukary. PazoM 3 Tum 1i
MOKa3HUKH HamiBpaOpukaTry 3MIHIOIOTHCS AHAJIOTIYHMM YWHOM OUIBII IHTEHCHBHO TIPH
BUKOPUCTaHHI €H3UMY-2. MakcuMaiabHEe 3HIMKEHHS JKOPCTKOCTI Ta MiJBUIICHHS MEXI MIITHOCTI
BIIMOBIAHO Yy 2,2 pa3u 1 Ha 11,2% cnocTtepiraeTbest MpH 3aCTOCYBaHHI eH3uMY-3 3 BuTparoio 0,2%.
OTtxe, HalOUIbII e(QEeKTUBHUN BIUIMB Ha MIiJBUILEHHS €JAaCTUYHOCTI HamiB(paOpUKaTy BUSBIILE
€H3UM-3 32 ONTUMAaJIbHOI HOr0 BUTPATH.

K, cH op, MIla
42 22
38
34 20
30
26 18
22

3

18 C O 16

0 01 0,2 0,3 04 0,5

Burpara en3umiB, % macu HamniBpaOpHukary

Puc. 1. 3anexnicTb (i3nKo-MexXaHiYHMX BJIACTHBOCTEH
HIKIPSIHOro HaniB(adpuKaTy Bil BATPAT eH3UMIB

JI1st TOPIBHSJIBHOTO aHaJIi3y BIUIMBY €H3UMIB 1 )KUpPYyBaJdbHOTO peareHTy Trupon DL (dipma
Tpymiuiep, HiMeuunHa), 1110 BUKOPUCTOBYETHCSI Y TEXHOJIOTI] MPOMHUCIOBOIO BUPOOHHIITBA IIKIp,
MIPOBEICHO JOCIIKEHHS (DI3UKO-MEXaHIYHUX BIACTHMBOCTEH 3pa3KiB OTPUMAHOTO HarliBpaOpukary
(puc. 2).

3 HaBEeICHOTO pHCYHKAa BHJHO, IO NpPH ONTHUMaJbHIA BUTpaTi CH3UMIB aJIEKBATHO
3MIHIOIOTHCS] MEXa MIITHOCTI Op Ta BUAOBKEHHS IIPH PO3PUBI & 3pa3KiB IIKIPSHOTO HamiBpaOpHukary
111 TPhOX €H3UMIB. [IpH 1IbOMY SIK IS Op, TAK 1 4TS & 00pOOIICHI €H3UMaMU 3pa3Ky HamiBhadpHukary
MaloTh BUIIl MTOKAa3HUKU MOPIBHSHO 13 3pa3kamMu, 0OpOOJICHUMHU TITBKH KUPYBUIBHUM PEarcHTOM.
Pazom 3 TM eH3UM-3 103BOJISIE OTPUMATH 3pa3KH 3 IMiIBUIIEHOIO MIITHICTIO Ha 17,6% 1 BUIOBKEHHIM
npu po3puBi Ha 23,8% MOPIBHAHO 3 KOHTPOJIBHUM BapiaHTOM, L0 CBIIYUTH MPO CYTTEBO BUILY HOTO
IacTUgiKaliifHy 1110 Ha CTPYKTYPY LIKIPSIHOTO HamiBpaOpHKary.
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Puc. 2. 3anexnicTb Meski MiHOCTI MIKipsiHOro HanmiBgadpukarty
Ta I0r0 PO3PUBHOI0 BHA0BKEHHS BiJl BUILY €H3UMY

Jnst popMyBaHHS HIKIpSHOTO HamiBpaOpHUKaTy y PiIIUHHOMY 03700I0BaHHI BUKOPUCTAHO
MOJIOBUHKU CTPYKTYpOBaHOTO HamiBpaOpukary 3 siiBKkd Jerkoi. IIpomec #oro piauHHOTO
03700/TIOBAaHHS TIPOBOJMIIM y TMiABiCHOMy 6apabani ¢ipmu 06’emom 0,39 M3, Texnomoriuxe
00po0IeHHs HEUTpasli30BaHOTO HaMiBpaOpHuKaTy BUKOHYBAIM IPU 3MEHILIEH1# BUTpari Boau Ha 33%
1 Temmeparypi TexHoJoriyHoro po3uuHy 71-75°C. B mnomamemomy mporiec 00poOseHHS
HamiBdalOpukary npoBoauiau 3a Temreparypu 50-53 °C 3 BHKOPUCTaHHSM BIJIOBITHOTO CKIATy
HANOBHIOBAIHHO-)KHPYBALHOT KOMIIO3HIIIT 3aJI€5KHO BiJI BapiaHTy 00poOneHHs (Tadum. 1).

Tabnuysa 1
CkJ1ax HAaNOBHIOBAJIbHO-KMPYBAJILHOI KOMITO3MILII VI PiAMHHOIO 03100, 1I0BAHHS
mKipsiHOro HaniBgaodpukary

3HadeHHs MOKa3HuKa, %, 32 TEXHOIOTIEI0
Pearent - : -
nociiaHoro 1 NOCIIITHOIO 2 JIFOYOIO

Euszum-3 0,2 0,2 0
Kpemuezem A-300 0 1 0
Trupon DL 7 6 7
Relugan D 0 0 2
Trupotan G 2 2 3
KBebpaxo 5 5 6

3 tabnwumi 1 BUIHO, M0 CKJIAJ] KOMITO3UIIINA JOCIITHUX TEXHOIOT1H BIAPI3HAETHCS Bif AIFOUOT
BiaCcyTHicTIO peareHTy Relugan D i cyTTe€BO 3MEHIIICHOIO BHTPATOI0 HAITOBHIOBAJIBLHUX PEArcHTIB.
Pazom 3 TUM po3p00IIeHI TEXHOOT] PI3HATHCS BUKOPUCTAHHAM €H3UMY-3 IPY MiHIMaJIbHOMY BMICTi
1% Ta aepocuiy A-300 (TU U 24.1-31695418-002:2008) 3 po3Mipom MepBUHHUX YacTHHOK 4—-50 HM
y nociiaHii Texnonorii 2 [17].

B nporieci HanmoBHIOBaHHS HariBhaOpuKaT oOpoOIsuIH JKUPYBAJIBHUM peareHToM 1rupon DL
(pipma Tpymmnep, Himeuunna) ynpomosx 30—40 xB, nonomixkuuM cuaTanoM Trupotan G (dipma
Tpymmiep, HimeuuwHa) 1 TaHimamMu eKCTpakTy kBeOpaxo. Ilpm 1boMy Ha moOYaTrkoBid cTamil
piAMHHOTO 03700I0BaHHS WIKipsSHOro HamiBpaOpukaTy B pe3yabrari B3aemonii HaHO-SiO2 3
IHTpEIIEHTaMU KOMITO3HIIIT BiJOYBAETHCS 3MEHIIECHHS PO3MIpYy 4YacTHHOK KpemHezemy A-300 ta
MiABUILEHHS iX XiMi4HOT akTUBHOCTI [ 18]. 3aBepuryeThcst 00poOIeHHs 3pa3KiB (iKcalli€lo peareHTiB
y CTPYKTypi HamiBhabpukary npu 3HWKEHHI pH poO0ov0oro po3unHy arOMOKaTIEBUM TayHOM JI0

25



ISSN 2786-5371 print; ISSN 2786-538X online Ximiuni ma diopapmayesmuuni mexnonozii

Texnonozii ma insrcunipune, T. 27, No 1, 2026
Technologies and engineering, Vol. 27, No. 1, 2026 Chemical and Biopharmaceutical Technologies

4,0-4,2 3 HaCTYMHUM MTPOMHUBAHHAM yIpoAoBX 10 XB. 3a Ji10U0I0 TEXHOJIOTIEIO (DiKCallisl peareHTiB
BUKOHYETHCSI PO3YMHOM MYpPAIIHMHOI KUCIOTH. PiuHHE 03100110BaHHS MIKIPSHOTO HariBpadpukary
3aBEPIIYETHCS CYIIMIBHO-3BOJIOKYBAIbHUMH MTPOIIECAMHU.
®Di3UKO-XIMIYHI MMOKa3HUKU OTPUMAHUX 3pa3KiB BHU3HAYAIM IICIs iX KOHAMIIIIOBaHHS 3a
Metoaukamu [16]. 3okpema, TigpoTepMiuHa CTIHKICTh IIKIPH BU3HAYAETHCS Bi3yalIbHO 33 €(EKTOM
MOYaTKy CKOPOUYEHHS 3pa3Ka Y BOJIHO-TIIIEPUHOBINA CYMIIlI TPH IIBUIKOCTI MOTO HarpiBaHHS 2—
3 °/xB. Ilopucricte HamiBpabpukaTy — 3a BiIHOWIEHHSIM 00’eMy Tmop HamiBpabpukary,
BCTaHOBJICHOT'O 3 BUKOPUCTaHHSM aBialliifHOTO racy, 10 Horo ysBHOTO 00’ eMy; 00’ €MHUI BUXiT — 32
00’eMoM 3pazka, o MictuTh 100 T 61s1Ka; TOBITPOMPOHUKHICTE — 32 00’ €MOM TOBITPS MIPH Pi3HMII
TUCKIB 3 000X 60KiB 3pa3ka 1 klla; (izuko-MexaHi4HI MOKA3HUKU LIKIPHU — 33 JOIIOMOT'OI0 MTpUJIany
I[DKVY-12M 1 po3pusHoi Mamuau Mozem PT-250M 3a mBuakocti aedopmyBaHHs 3pazka 90 Mm/xB.
Buxin miormi HamiBdaOpukaTy BUMIpIOBaIH Ha eIeKTpOHHIH MammuHi Moneni 07179/P1 ¢ipmu Svit,
UYexis. Pesynbratn Bu3HaueHHS (Di3UKO-XIMIYHHMX BJIACTUBOCTEH OTPUMAHOTO IIKIPSHOTO MaTepiaiy
3a po3pOOICHOI0 TEXHOJIOTIEI0 HaBeIeH] B Ta0M. 2.
Tabnuys 2
@i3uKo-XiMiYHi BJACTHBOCTI IIacTH(iKOBAHOI0 IIKIPAHOI0 MaTepiaxy

3HaueHHs MOKa3HMUKA 32 TEXHOJIOTIEI0
IToxa3zumk . . -

JOCIimHOIO 1 | mocmigHOo 2 | A1F0Y0I0
MacoBa Jactka, %:
— BOJIOTH 13,7 14,1 13,9
— TOJIMHHOT PEYOBHHH 68,9 68,1 67,7
— 30JIH 6,5 7,6 6,7
— okcuny xpomy (III) 4,1 4,0 4,3
— PEYOBHH, 110 EKCTPAryIOThCS OPTaHIYHUMH 6,4 6,7 7,4
PO3YMHHUKAMH
— 3B’s13aHi OpraHivyHi TyOnIbHI pEYOBUHU 13,8 13,9 14,7
Temneparypa 3BaproBaHHs HamiBpaOpukary, °C 113,0 113,0 111,0
006’ eMHUH BUX1J HIKIPH, cm®/100 T TP 234,0 239,0 227,0
[TopucTicTs 3paskiB, % 57,0 55,0 49,0
TTOBITPONPOHHUKHICTB, cM>/(cM>/cM?-TO1.) 253,0 249,0 237,0
Me>xa MIITHOCTI TTpH po3TaryBanHi, MIla 21,7 225 21,3
Binnocne BunoBxeHHs npu HaBaHTaxkeHH1 10 MIla, % 39,0 37,3 21,0
BigHocHE BUIOBXKEHHSI IPH PO3PUBI, %o 61,0 60,0 57,0
XKopcrtkicth mkipstHoro HamiBdadpukary, cH 19,0 21,0 28,0
Buxiza muomi mkipsiHoro marepiainy, % 105,1 106,7 100,0

Sk cBiguaTh ofepXaHi JNaHi 3a XIMIYHUM CKJIagoM c(hHOpMOBAHMN WIKIpSHUNA MaTepial
MPAaKTUYHO HE BIIPI3HIAETHCS BiJ 3pa3KiB, OTPUMAHHX 3a MJIIOYOI0 TEXHOJOTIE. 3a TPYKHO-
IUTACTUYHUMH  BJIACTMBOCTSAMHU JOCHIDKEHUH IIKIPSHUNA MaTepial IepeBakae 3pa3Kd Jit0voi
TexHouorii. OcoOIUBO 1€ CTOCYETHCS PO3PUBHOTO BUIAOBKECHHS MPH MiHIMAIbHIN HOTO YKOPCTKOCTI,
II0 CTPUSE MiIBUIIEHOMY BHXO/Y IJIOIII IIKIPSHOTO MaTepialy BHACTIIOK €(peKTHBHO POBEIEHUX
CTPYKTYPHHUX TPOIIECIB Y €H3UMHO-00p00OIeHOMY KoIareHi aepmu i (ikcarii ii eeMeHTiB y 00’ emi
HamiBpabpukaty. OTXKe, 3a KOMIUIEKCOM (I3UKO-XIMIUHUX 1 eKCIUTyaTalliiHUX IOKa3HUKIB
JOCIIDKEHUH TIKIPSAHUNA MaTtepian, chOopMOBaHUK 3a PO3POOJICHOI TEXHOJIOTIEID BIAMOBIIAE
BUMOTaM JI0 LIKIp AJIsl BEPXY B3YTTS 1 MDKHAPOJHOTO CTAHAAPTY CHCTEM YIpaBIiHHA sKicTi0 «ISO
9001:2008».

BucnoBku. JlocnipkeHo mnpouec (GopMyBaHHS HIKIPSHOTO MaTepiaqy 3 BUKOPHCTaHHSAM
€H3MMIB TiIPOTITHYHOI ii. BCTaHOBIEHO 3a/1eKHOCTI JKOPCTKOCTI 1 MIITHOCTI BiJl BUTPAT €H3HMMIB.
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OntumanbHUN MacTH(IKaUiHHUNA BIUTMB HA CTPYKTYPY IIKIPSIHOTO MaTepiany CHOCTEPIraeThCsi mpu
BUKOPUCTaHHI cymimni eH3uMiB 3a Butpatu 0,2% macu HamiBpaOpukary. [Ipu oMy oTpumaHwmii
HamiB(haOpHKaT XapaKTepPU3YEThCS 3HIKEHHSM >KOPCTKOCTI 1 MiJBUINEHHSIM PO3PUBHOI MIITHOCTI
BignosigHo Ha 20,0 1 11,0% mnopiBHAHO 31 3pa3kamu HeoOpoOJIeHHMH eH3uMaMu. Po3pobieHa
TEXHOJIOTiS JJa€ MOYIJIMBICTh OTPHUMATH €JIaCTUYHUM MIKIPAHUI MaTepial MEHIIOi dKOPCTKOCTI Ha 33—
47% 1 Bumoro o6’emHoro Buxony Ha 5,3%. 3a komriekcoM (I3MKO-XIMIYHMX BJIACTHBOCTEH
OTPUMaHUN IMIKIPIHUM Marepian 3a PO3pOOJCHOI0 TEXHOJOTIEI XapaKTEPH3YEThCS 3MEHIIECHOIO
BUTPATOI0 XIMIYHUX peareHTiB Ha 27,0% mnpu 30uIpIIeHOMY BHXOAY Horo mioul Ha 5,1-6,7%.
OtpuMaHi IIKIpH 32 KOMIUIEKCOM EKCIUTyaTallifHUX 1 TEXHOJIOTIYHMX BJIACTMBOCTEH BiNMOBiTae
Bumoram JICTY 2726-94na mkipu nns BepxXy B3yTTa. EH3uMHE 0OOpOOJIEHHS MIKIPSHOTO
HamiB(haOpuKaTy XpoMOBOro IyOJieHHS MOXe OyTH e(EeKTMBHO BHUKOPHCTAHO IIPU PO3POOJICHHI
IHHOBAIIMHUX TEXHOJIOTI BUPOOHHIITBA €JIACTUYHMX IIKIPSIHUX MaTrepiajliB Il BUTOTOBJICHHS
BUPOOIB MIMPOKOTO aCOPTUMEHTY. B monanpiiomy gociijkeHHs Mae OyTH CIpsIMOBaHE Ha ONTUMI-

3aIlii0 CKJIaTy J10TyOI0BAIbHO-HAITOBHIOBAILHUX KOMITO3HUIIIA 32 YMOBH BUKOPUCTAHHS €H3UMIB.
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PRODUCTION OF ELASTIC LEATHER FOR FOOTWEAR

Purpose. Improving the elasticity of leather for shoe uppers through the use of hydrolytic enzymes in
the retanning and filling processes.

Methodology. The study employed the asymmetric fringe method to assemble experimental batches of
samples, which were then subjected to enzymatic treatment under controlled temperature conditions. The
effectiveness of creating an elastic structure was evaluated through the analysis of elastic-plastic properties,
chemical, physical and mechanical indicators.

Findings. The effect of enzyme dosage on the elastic-plastic properties of leather materials was
investigated, as were their physical and mechanical properties. It was found that a mixture of hydrolytic
enzymes at an optimal dosage of 0.2% of the semi-finished product's mass was most effective in increasing its
elasticity. Using the experimental technology enables the production of elastic leather with 33-47% lower
stiffness and 5.3% higher yield than standard technology. There was also an increase in the yield of finished
leather area by 5.1-6.7%, with a simultaneous reduction in chemical reagent consumption by 27.0%.

Originality. The nature of the dependence of the elastic-plastic and physical-mechanical properties of
leather materials on the type and concentration of enzymes used to treat them has been established. The
synergistic effect of using a mixture of hydrolytic enzymes at the liquid finishing stage to plasticize the dermis
structure has been demonstrated.

Practical value. A resource-saving technology has been developed for producing elastic leather
materials for shoe uppers. The results obtained can be used to develop new technologies for producing a wide
range of leathers.

Keywords: chrome-tanned semi-finished product; enzymatic treatment; retanning; filling; syntan-
tannin composition; properties.
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AEPOBHA BIOPO3KJIAIHICTD IVIIBKOBHUX

YK 628.35:678.012 INOJIMEPHUX MATEPIAJIIB HA OCHOBI KPOXMAJIIO
TA TIOJIBIHIJIOBOI'O CIHUPTY AK EKOJOI'TYHO
BE3NEYHOI AJIbTEPHATUBU JJIsI IAKYBAJIBHHUX
MATEPIAJIIB

Mema. Memorwo pobomu € excnepumeHmanivhe GUHAYEHHs. CIMYNeHs KiHyegoi aepobnoi bionociunoi
PO3KAAOHOCHI NIIBKOBO20 NONIMEPHO20 MAMEPIANY HA OCHOGI CYMIULI KPOXMANO Ma NONIGIHII08020 CNUPMY
(IIBC) y macoeomy cnigsionowienni 25:75 y 800HOMY cepedosuuyi MemoooM 3aKpumozo pecnipomempa
8I0N0BIOHO 00 8UMO2 MIdICHAPOOH020 cmandapmy 1SO 14851:1999.

Memoouka. /[ocniodxcenns npogoounucs MemoooM 3aKPUMO20 MAHOMEMPUUHO20 pecnipomempd
Sapromat D12 (Voith, Himeuuuna) sionosiono oo ISO 14851:1999 (EN ISO 714851:2004). 3acanvha
mpuganicms mecmy - 99 0i0; ananiz npoeooumvCs Ha NPoMidcHomy emani (43-ms 0oba). Peaxyiuni ¢pnaxonu
o0b'emom 510 mn 3 06'emom pioxoi gpasu 164 mn inkybysanuce npu memnepamypi 30°C ma ammocghepromy
mucky 1010 ella. Akmuenuti myn micokoi cmanyii 0I0ON02TYHO20 OYUWEHHS CIMIYHUX 800 SUKOPUCMANU 5K
inoxyniom. Tecm exmouas 12 gnaxonie: 2 konmponvuux (onaux, F2), 2 ¢hnaxonu 3 emanounum mamepianom
(mixpokpucmaniuna yemonosza, Fs), 8 docnionux ¢hraxonie iz mecmosum mamepianom (Fs). Teopemuumny
nompe6y 6 xuchi (ThOD) po3paxosysanu 3 elemMenmuo2o ckiady KOMNOHEHMIB 3a YOPMYN0I0, HABECOCHOIO Y
Jlooamxy A 0o I1SO 14851:19909.

Pesynomamu. Pospaxosani sunawenns ThOD: ons kpoxmamo (CsHi0Os), — 1185 me/e, ona IIBC
(C2H10), — 1818 me/e, onsa cymiwi 25:75 — 1660 me/e. Cepeone 3navenns ons onanxy na 43-my 000y cxkiano
8,3 me/n, wo € npuiinamuum 6ionosiono 0o eumoe n. 10 cmandapmy. Emanonnuii mamepian (yenronosa)
nokaszae cmynins Gioposkaiadnocmi 61-68%, wo niomeepoxcye eanionicme mecmy. Tecmosuii mamepian
(xkpoxmanv/[IBC 25:75) npodemoncmpyeas cmynino aepodnoi 6iodeepadayii 6i0 38,4% oo 55,7% ons
ocHo6HOI 2pynu 3paskie (¢naxonu 5, 6, 9-12). Jlae-paza o mecmogo2o mamepiany cmanosuia OIU3bLKO
1,4 006u, wo cymmeso kopomuie noOPiBHAHO 3 Yena030w0 (~7-8 0i6).

Haykosa Hoseusna. Bnepue euxonano KinbKicHy OYIHKY aepoOHOi OIOpO3KIAOHOCMI NIIBKOBO20
noaimepro2o mamepiany Ha ochosi cymiuti kpoxmanw/I[IBC 25:75 memooom 3axkpumozo pecnipomempa (1SO
14851) y nognomy 99-0ob6oeomy mecmi. Busnaueno Kinemuuui xapaxmepucmuku Oiodezpadayii, 30kpema
mpuganicmy naz-pasu, ¢asu inmencuenoi decpadayii ma naamo 071 KOICHO20 MuUny 3pasKie.

Ilpaxmuuna 3uauumicms. Ompumani Oaui NIOMEEPOJNCYIOMb  CYMMEGUI PIGeHb  AepPOOHOT
bioposxnaonocmi mamepiany Ha ocHogi cymiuti kpoxmans/l[IBC, wo o0Ipyrmosye nepcnekmugHicms tio2o
3ACMOCYBAHHA 5K €KOJIO2IMHO 0e3NeyH020 NaKy8albHO20 Mamepiany GION0GIOHO 00 BUMOZ CYYACHO20
eK0102i4H020 3aKoH00ascmea €aponeticbkoeo Coro3y ma NPUHYUNIE YUPKYIAPHOL eKOHOMIKU.

Kntouoei cnosa: aepobna 0iopo3kiaouicms; KpoXmaivb, NOMGIHIIOBUI CHRUPmM, 3aAKpUMuULL
pecnipomemp;, 1SO 14851; naxysanvni mamepianu.

Beryn. lopiuHo y cBiTi BUp0oOsieThes moHa 430 MITH TOHH IUIACTUKY, OJM3BKO IBOX TPETUH
SKOTO TICNIA TEepIIOr0 BUKOPHCTAaHHA CTae Bimxomamu. [lakyBambHa Tramy3p 3alMIIA€THCS
HaOIIBIINM CIIOKMBAaYeM CUHTETHYHHX MOJIiMepiB — nepeBakHo nomietuieny (I1E), moninponineny
(ITIT), momictupoiny (I1C) ta momiinixmopuny (IIBX). Ili maTepianu mpakTHYHO HE MiATAIOTHCS
aepoOHOMY MIKPOOHOMY pO3KJIaJaHHIO B MIPHUPOJHUX YMOBAX, HAKOMUYYIOUHCH Y HABKOJIUIIIHEOMY
CepelIoBHUIIl Ha COTHI pokiB [1, 2].

Ha tmi 3poctatouoro perynstopHoro Tucky — 3okpema Jupexktusu €C 2019/904 mono
0JIHOpa30BuX 11acTukiB Ta Permamenty (€C) 2022/1616 mpo BUMOTH 110 MaKyBaTbHUX MaTepiajiB —
y NPOMHUCIIOBOMY Ta HAyKOBOMY CEPEAOBHIII Pi3KO 3pic iHTepec A0 OI0pO3KIAAHUX MaKyBaIbHUX
MarepianiB [3, 4]. OnHUM 13 HAUTIEPCIIEKTUBHIMINX HAMPSAMIB € PO3pOOKa MOJIIMEPHUX KOMITO3UTIB
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Ha OCHOBI HATYPAJIbHHUX Ta CHHTETUYHUX IMOJIIMEPIB, 30KpeMa KPOXMAJIIO Ta OJIIBIHIIOBOTO CIIUPTY
(IIBC) [5].

Kpoxmaib € 01HIM 3 HAMMOINPEHIIINX TPUPOAHUX MOTIMEPIB 1 JIETKO MiITA€THCS MIKPOOHIH
Jerpanaiii 3aBAasKd HAsBHOCTI O-TJIKO3UAHKX 3B's13KiB [6]. [IpoTe y uncToMy BUTIIAII KPOXMaJIbHI
TUTIBKM MAIOTh HEJIOCTATHIO MEXaHI4HY MIIHICTb Ta MiABUIIEHY TirpockomiunicTs. Beenenns I1BC y
MOJTIMEPHY MATPHUIIO 3HAYHO TMOKpaIlye (pi3uKo-MexaHiuHI BIACTHBOCTI MaTepialy — MIIHICTh Ha
PO3pUB, EIIACTHYHICTD Ta Oap'epHi XapaKTEPUCTHKH MpH 30€peKeHH1 IEBHOTO PiBHS 610pO3KIAIHOCTI
[7, 8]. [luTanHsa Mpo peanbHUN CTYMiHb aepOoOHOI 010PO3KIATHOCTI TAKUX KOMIIO3UTIB Y BOJHOMY
CepeIOBHILlI MOTPEOYE CTAHIAPTU30BAHKUX KITbKICHUX JTOCITIIKCHb.

Meton 3akputoro pecmipomerpa (ISO 14851:1999) cepen meromiB KUTbKICHOT OIIHKH
010pO3KJIQIHOCTI TUIACTUKIB € OJHUM 3 HaHOUIbII 1H(QOPMATUBHUX: BiH J03BOJISIE Oe3MepepBHO
PEECTPYBATH CIIOKMBAHHSA KHCHIO MIKpOOpraHi3aMaMu B aepoOHHMX YMOBax 1 Ha IIii OCHOBI
PO3paxoByBaTH CTYIiHb MiHEpaTi3allii TECTOBaHOTO Marepiany [9]. Meroa mmpoKo 3aCTOCOBYEThCS
JUTSI OITIHKH KOMITOCTOBAHMX 1 BOAOPO3YMHHUX MOJTIMEPIB Ta MPUUHITHI SIK HOPMAaTUBHUH Y KpaiHax
€C i Anonii [10].

He3Baxatoun Ha 3HA4YHY KUIBKICTh TyOmikamiii moao (i3uKo-MeXaHIYHMX BIACTUBOCTEH
wiiBok Kpoxmans/[IBC, pesynbratn ctanmaptuzoBaHux 99-1000BHX BHUIIPOOYBaHb iX aepoOHOI
010pO3KJIAIHOCTI METOJOM 3aKPUTOTO PECIipoMeTpa y BIAKPHUTIN JiTepaTypi MPaKTUYHO BIJCYTHI.
BinbIicTh JOCTYMHUX AAHUX CTOCYETHCSI METOIB IPYHTOBOT 1HKYOa1ii a00 CKOpOUYEHUX IPOTOKOJIIB
[5-8]. Lle 3ymoBiIOE aKTyadbHICTH MPOBEACHHS MOBHOIIHHOTO BHmpoOyBaHHs 3a ISO 14851 i
BUSIBIISIE HAYKOBY TIPOTANIUHY, SKii IPUCBSYCHA JaHA CTATTSI.

IlocranoBka 3aBaaHHsi. MeTOO CTAaTTi € BU3HAYCHHsI CTYMNEHS KIHIEBOI aepoOHOT
010pO3KJIaIHOCTI TUTIBKOBOTO Marepiaay Ha ocHOBI cywimi kpoxmans/[IBC y wmacoBomy
chiBBimHOMmIEHH] 25:75 3a pe3ynabTaramu 43-m1000BOr0o (MPOMIKHOTO) BiApi3Ky 99-moboBoro
CTaHJAPTHOTO TECTY METOAOM 3aKpPUTOro pecripomerpa BianosigHo mo ISO 14851:1999, a takox:
po3paxyHOK TeopeTudHol nmoTpedu B kucHi (ThOD) ans KOMIOHEHTIB CyMillli Ta iX MO€IHAHHS,
OIlIHKa KIHETHKH Olomerpanarii (Jar-ga3u, akTUBHOI Jerpajallii Ta miaro); Bepudikallis TecTy 3a
€TaJIOHHUM MaTepiajioM; aHali3 BiATBOPIOBAHOCTI PE3yNbTaTiB MK apaJIeIbHUMHU 3pa3KaMH.

Pe3yabTaTi mocaigsKeHHS.

Ymoeu nposedenns mecmy. TecT mpOBOAUBCS 3 BUKOPUCTAHHSIM 3aKPUTOTO MAHOMETPUYHOTO
pecrmipometrpa Sapromat D12 (Voith, HiMmeyunHa) 3 aBTOMaTHYHOIO PEECTPAII€I0 CHOKUBAHHS
kucHI0. OCHOBHI IapaMeTpu TeCTyBaHHS HaBeleHO y Tabu. 1.

Tabnuysa 1
YMoBH Ta mapaMeTpH NpoBeleHHs pecnipoMerpu4Horo tecty (ISO 14851:1999)
IHapamerp 3HauyeHHS
Meron 3aKkpuUTHH MAHOMETPUYHUMA PECTIIPOMET]
Cranpgapt ISO 14851:1999 / EN 1SO 14851:2004
Jlata movartky / cTaHy 21.02.2024 / 05.04.2024 (43-1s1 m06a)
3aranpHa TPUBAJIICTh TECTY 99 ni6
Temneparypa iHKyOarii 30+1°C
ATMmoc(hepHU THCK 1010 rlla
0O06'em (hnakona / pigkoi ¢azu 510/ 164 mn
BumiproBanbHuMii 1iara3oH npuiamgy 413 mr/n
Kinekictp ¢uiakoniB (6sank / memtonosa / 2/2/8

3pa3oK)

Po3uuH iHOKyITYy

AKTHBHHUI MYJ MiCbKOI CTaHI[ii OUUIIICHHS

CTIYHUX BOJ

Etanonnuii Mmatepiain

Mikpokpucraniuna nemroosa (Fs)
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Pospaxynox meopemuunoi nompeou 6 xucui (ThOD). ThOD po3paxoByBaBcs 3a GOpMYIIOr0
(1) domarky A mo ISO 14851:1999 s pewoBunu CHyCLN,S,PsNa,,O 3 MmosipHOto Macoro M;:

ThOD = 16 X [2¢ + 0,5(h — cl — 3n) + 3s + 2,5p + 0,5na — o] / M,, 1)
ne ¢, h,0,n,s,p, na, cl — KiNbKICTH aTOMIB BIAMOBIAHUX €JIEMEHTIB y (hOPMYJIi pEUOBUHH;
M, — monsspHa maca (r/MoJib).
s kpoxmaiio (CsHioOs), (M, = 162 r/moinb; ¢ = 6, h = 10, 0 = 5):
ThODmknah<nomne = 16 X [2 X 6 + 0,5 X 10 — 5] /162 = 1185 mr/r.
s noniBiaitoBoro cupTy (C2H4O), (M = 44 r/monb; € =2, h =4, 0 = 1):
ThODpv< = 16 X [2 X 2 + 0,5 X 4 — 1] /44 = 1818 mr/r.
Hus cymimn kpoxmains/[IBC y MacoBomy criiBBigHOIIEHH] 25:75:
ThOD,*' = 0,25 x 1185 + 0,75 X 1818 = 1660 mr/r.

Pospaxorani 3nauenns ThOD y3aranpHeHO B TabII. 2.

Tabnauys 2
Teopernuna norpeda B kucHi (ThOD) nyiss koMnoHeHTiB Ta cymini
Marepian Mozekysipia M, r/moab| ThOD, mr/r | Yactka y cyminmi
¢popmyna
KpOXMaJII: (CeHmOs)n 162 1185 25%
[Momnisininosuit cnupr (IIBC) (C2H40), 44 1818 75%
Cymim kpoxmaas/IIBC 25:75 - - 1 660 100%

Kinernka cnoxxuBanHsi KUCHIO. KpuBi KiHeTHKH OloxiMiuHOTO crioykuBaHHs KucHIO (BCK)
11 ycix ¢rakoHiB HaBegeHo Ha puc. 1. KinbkicTs BuMiptoBanb — 159; inTepBan peectparii — 396 xB
(~6,6 roxm).

Tect BrirouaB 12 ¢uakoHiB Tpbox TumiB: O0maHk (F2, ¢umakonn 1-2) — nuine miHepanbHe
CepeloBHINe 3 1HOKYIOM 0e3 TecToBoro marepiany; eranonnuit marepian (Fs, ¢umakonun 3-4) —
MIKPOKpPHUCTAJIIYHA 1LIEJTI0JI03a B MIHEPAIbHOMY CEPEIOBHIII 3 1HOKYJIOM; TecToBHii Matepian (Fo,
¢dmakonu 5-12) — cymim kpoxmans/I[IBC y macoBomy criBBigHOIIEHHI 25:75 y MiHepalibHOMY
CEpPEeIOBHILII 3 IHOKYJIOM.

bnank (F2). Cepenne 3nauenns BCK y ¢umakonax-Onankax Ha KiHeub 43-1000Boro
criocrepekeHHs ckiano 8,3 mr/i (hnakon 1 — 4,5 mr/n, dpaakon 2 — 12,2 mr/n). BignoBigHo 10 BUMOT
. 10 ISO 14851:1999, e 3HaueHHs € MPUHHATHAM (HE TIEPEBUIILYE TOMYCTUMY BEPXHIO MEXY IS
iHOKyny 3 KoHueHTpamieto 30 Mr/n cyxoi pedoBuHH — Osm3bko 60 mr/m). CroKMBaHHS KHCHIO
0J1aHKOM BifoOpa)kae eHJOTEHHE TUXaHHSI MIKpPOOPTraHi3MiB 1 BUKOPUCTOBYETHCS VISl TIOTIPABKU TIPH
po3paxyHky BOD;.

Etanonnwuii marepian — nemonosa (F3). @nakonu 3 ta 4 3 €TaJOHHUM MaTepiajioM MOKa3aiu
YiTKO BUpa)KeHY S-1moi0Hy KpUBY Olojerpananii: He3HauHe CIIOKUBAHHS KUCHIO TPOTATOM 7—8 116
(lag-thaza), motim piske 3pocranns BCK 3 ~27-1 mobu 10 ~35-i 106m ((haza akTHBHOI aerpajariii) Ta
¢azy mnato (cradimizanis Ha piBHI 440-490 mr/mn). [logiOHa KiHETHKA € TUIIOBOO ISl IIETIOJIO3U B
MPUCYTHOCTI aJaTOBAHOTO aKTUBHOTO Myay [9, 10].

TecroBuit marepian — cymim kpoxmans/[IBC (Fs). OcHoBHa rpymna ¢uakonis (5, 6, 9-12)
JEMOHCTpYE 3Ha4HO Kopotmy lag-dasy (~1,4 mobu) MOpIiBHIHO 3 €TAJTOHHOIO IEII0JI03010, IO
CBIIYUTH TIPO JIETKOJOCTYIHICTh CyOCTpary Ui MIKpOOpraHi3MiB, HacamIiepes]] 3aBIsSKd
KpOoXMasibHil KoMmnoHeHTi. Bripomosxk 5-10-Toi 1obu cnokuBanHs KucHIO gocsraino 300-500 mr/m,
a 10 30-1 1oOu OinbIicTh (GakoHIB BUHLILIA HA a3y IJIaTo.
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OnakoHu 7 Ta 8§ MOKa3aay aHOMAJbHY KIHETUKY: (JIaKOH 7 — pi3Ke MMOYaTKOBE 3POCTAHHS
BCK nmo 179 mr/n 3a neprmi 2,5 106u 13 moaibIuM 3HIKEHHIM 10 piBHS 60-110 mr/n; dnakon 8 —
3poctanHg 10 350 mr/m (mo 22-i mobw) i3 momanmblIuM 3HWKEHHSIM 10 ~220 Mr/m. OCKUTbKH
3adikcoBadi BCK € kymynsaTuBHIMH 1 (I3MYHO HE MOKYTh 3MEHIITYBaTUCh Y 3aKPUTINA CUCTeMi 0e3
30BHIIIHBOTO BIUIMBY, BIpOT1IHUMH NPUYMHAMHU aHOMAJTIi € MiKpoTedii y 3'eIlHaHHAX (IIakoHY a0
HecTablIbHICTh pOOOTH MAaHOMETPUYHOI TOI0BKH. L1 h1akoHM BUKITIOUEH] 3 PO3PAXYHKY CEPETHBOTO
CTymeHs Oioaerpaaaii.

== == BnavkF_B(3p. 1)

600

Bnawk F_B (3p. 2)
== == lsmonozaF C(3p.3)

m= wm= Lsmonosa F_C(3p. 4)

m— Hpoxmans/NBCE T (3p. 5)
—— Kpoxmane/NBCF T (3p. 6)
Kpoxmane/NBCF_T(3p. 7, aHom.)

Kpoxmane/NBCF_T (3p. 8, aHom.)

MJWWV\J“.“(\"-\, “AASARA Uf'-,"q-'f}/:\f

Kpoxmane/NBCF _T(3p. 9)

Kpoxmane/NBCF_T(3p. 11)

BCK, mrfn

—
K poxmane/TBC F_T (3p. 10)
—

Kpoxmane/NBCF_T (3p. 12)

Yac, poba

Puc. 1. KinernuHi kpusi cnoxkuBansi kucHw (BCK, mr/n) y ¢iakonax 3 TeCTOBUM
Mmarepiasom(kpoxmaas/IIBC 25:75, Fy), eTasonnor nenrwnao3010 (Fs) Ta 6aankom (F2)
3a 43-1000BHuii mepiox cnocrepexenns (ISO 14851:1999)

Po3paxynoxk cmynensa  6iodecpaoayii. Cryniab aepoOHoOi  OioposkiamgHocTi Dy
PO3paxoByeThCsI BiAMOBIIHO 70 piBHsHB (2) Ta (3) 1ISO 14851:1999:

BOD, = (BOD, — BODB) / pe, )

D, = (BOD, / ThOD) x 100%, ?)

ne BOD; - nutome BCK TectoBoro marepiany (mr O: / Mr matepiany); BOD; — bCK y ¢nakoni
Fo na momenTt t, mr/n; BODB — BCK 6nanky F» Ha TOif caMuii MOMEHT, MI/J; p€ — KOHIIEHTpaIlis
TECTOBOT0 MaTepiaiy y peakiiiiHoMy (hakoHi 3a opranigaum Byrierem, mr/ia; ThOD — reopernuna
notpeda B KHCHI, MI/T.

KoHnnenrtpartiro TectoBoro marepiany y ¢aakonax (600 mr/m 3a opraHiYHHUM BYTJICLIEM)
BHU3HAYECHO PO3PAaXyHKOBHM METOJIOM Ha MiJACTaBI MOBEIIHKM E€TAJIOHHOTO MaTepiany (IeNojo3a,
ThOD = 1185 wmr/r) 3a ymoBu Do ~ 65%.

[TincraBmisiroun 3Ha4eHHs 171 43-1 106U TecTy, OTPUMAaHO pe3yabTaTh, HaBeeHl y Tabi. 3.

JI71s1 OCHOBHOI TpyIH BaJliJHUX 3pa3KiB TECTOBOTo MaTepiany (¢urakonu 5, 6, 9—12) cepenniii
CTYIiHb aepoOHOI Oiopo3kiIanHOCTi Ha 43-Tr0 100y ckiiaB 48,8% (nmianazon: 38,4-55,7%). Ockinbku
TECT HE 3aBEpIICHO (3ainuIIaeThes mme 56 Ai0), KiHIEeBE 3HAYEHHS MOXE TEPEBUIIUTH OTPUMAaHI
MPOMIXKHI ToKa3HukH. CTyIiHb 010AeTpaallii eTaTOHHOT0 MaTepiany (1enono3a, Fs) ckinas 61-68%,
1110 33/10BOJIbHSE KpuTepiil BanigHocTi Tecty 3a 1. 10 crangapty ISO 14851:1999 (Bumora: D > 60%).
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XapakTepHOIO 0COOIMBICTIO KIHETUKH TECTOBOTO MaTepiany € kopoTka lag-aza (~1,4 nobu)
MOPIBHAHO 3 MeMosio30i0 (~7-8 mi0). lle miaTBepkye, MmO KpoxMmaldbHa CKIIAI0Ba CYMIII €
JIETKOJIOCTYIIHUM CYOCTpaToM JAjisi MiKpOOHOTO KOHCOpIiyMy akTtuBHOro myiny. IIBC-matpuis,
MONpH OLTBII CKIAAHY CTPYKTYPY, TaKOXK MIATAETHCSA aepoOHIN aerpanallii 3aBAsSKu Crenu(iaHIM
¢depmentam (IIBA-okcupmazam Ta BTOPMHHMM CIHMPTOBUM JeTifporeHasam Oaktepiil poxay
Pseudomonas, Bacillus Ta in.) [7, 8].

Tabauys 3
Pe3ynbTaT po3paxyHKy cryneHsi aepoOHoi 6iopo3kiaanHocti (43-1s1 100a)

diaaxkon Ne PoJn y TecTi Tlxaro BCK, | BOD: (cxop.), BOD,, mr/mr | Dy, %
Mr/n Mmr/n

1 biank (F2) 4,5 - - -
2 bnank (F2) 12,2 - - -
3 Hemono3a (F3) 491,8 483,5 0,806 68,0
4 Ienrono3a (F3) 442.4 434,0 0,723 61,0
5 Kpoxmais/TIBC (Fo) 537,0 528,7 0,881 53,1
6 Kpoxmains/TIBC (Fo) 512,2 503,9 0,840 50,6
7 Kpoxmans/TIBC (Fo)* 94,2 85,8 0,143 8,6*
8 Kpoxmans/TIBC (Fo)* 228,1 219,8 0,366 22,1*
9 Kpoxmains/TIBC (Fo) 556,0 5477 0,913 55,0
10 Kpoxmains/TIBC (Fo) 562,9 554,6 0,924 55,7
11 Kpoxmains/TIBC (Fo) 408,8 400,4 0,667 40,2
12 Kpoxmans/TIBC (Fo) 390,9 382,6 0,638 38,4

* Quaxonu 7 ma 8 GUKIIOYEHO 3 PO3PAXYHKY CePeOHbO20 3HAYEHHS! GHACIIOOK AHOMANLHOI KiHemuKu (UMOGIpHA
HewinbHicmb 3'€0HANHb A0 HeCNPABHICMb MAHOMEMPUUHOT 20JI06KU).

Po36ixkHicTh Mik pe3yiabTaTamu (IakoHIB OfHIET cepii (Hampukman, 5 ta 6: D = 53,1% 1
50,6%; 9 Ta 10: 55,0% 1 55,7%) € He3HAYHOIO Ta 3HAXOJUTHCS B MEXaX MPHUPOIHOT BapiabeNbHOCTI,
XapakTepHOl s TECTiB IN VItr0 3 BHUKOPUCTAHHSAM >KHBHX MIKpOOHUX KyJibTyp. BimHocHe
CTaHJapTHE BIIXUJICHHA MK NapaMu (JIakoHIB He TiepeBHUInye 3%.

BucnoBku. Y po6oTi npoBeneHo npoMixkHY (43-Ts 106a 3 99) KiIbKICHY OIIIHKY aepoOHOT
610pO3KJIIHOCTI IUTIBKOBOTO TMOJIMEPHOTO MaTepiany Ha OCHOBI cymimi kpoxmans/[IBC 25:75
METOZOM 3aKpUTOro pecmipomerpa BianmoBigHo 10 ISO 14851:1999. Orpumano Taki OCHOBHI
pe3yabTaTu:

1. Po3paxoBani Teopetndni motpedu B kucHi: ThOD(kpoxmans) = 1185 mr/r, ThOD(IIBC) =
1 818 mr/r, ThOD(cymim 25:75) = 1660 mr/r.

2. TecT € BaJITHUM: CTYMiHb Ol0feTpajallii eTaToHHOI 1et003u carayB 61-68% (Hopma >
60%), a BCK 65aHKy 3aUIINIOCS B JOMYCTUMUX Mexax (8,3 mr/i).

3. st ocHOBHOT rpyIy BaJIITHUX 3pa3KiB TeCTOBOTro MaTepiany (dhiaakonu 5, 6, 9—12) crymninb
aepoOHoi Oiozmerpananii cyminr kpoxmans/[IBC Ha 43-1y 100y cknaB y cepennbomy 48,8% (38,4—
55,7%), 110 CBITYHUTH MPO CYTTEBY O10PO3KIIAIHICTh MaTepiany. JIBa 3pa3ku 3 TECTOBUM MaTepiaioM
(pmaxoru Ne 7 ta Ne 8) BuKIIOUEHI 3 aHaNi3y Yepe3 aHOMAIbHY KiHETHKY, HMOBIPHO, CIIPUUYMHEHY
HECIIPaBHICTIO 00 HAHHS.

4. Lag-daza ans tecroBoro marepiany (~1,4 moOu) € 3HAYHO KOPOTIIOIO MOPIBHSIHO 3
11eIT0J103010 (~7-8 11i0), 110 MiATBEPIKY€E THTEHCHBHE ITOYATKOBE MIKpOOHE 3aCBOEHHS KPOXMATBHOT
CKJIaI0BOI.

5. OTpuMaHi pe3yslbTaTH HayKOBO OOIPYHTOBYIOTH €KOJIOTIUHY O€3MEeUHICTh Marepiaay Ha
ocHoBl Kpoxmais/[IBC 25:75 3 mo3umii aepoOHOi O610po3KIaJHOCTI Ta MIATBEPAXKYIOThH
MEPCIIEKTUBHICTh HOr0 BHUKOPUCTAHHS SIK MaKyBaJIbHOIO MaTepialy 3HHM)KEHOTO €KOJIOTIYHOTO
HABaHTAXXCHHSI BIAMOBITHO 10 BUMOT €C IMIOA0 CTAIOr0 MaKyBaHHS.
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[lepcniekTUBaMH MONANBLINX JOCIIIKEHb €: 3aBEpILICHHS MOBHOTO 99-1000BOro Tecty Ta
BH3HAYCHHS KIHIIEBOTO CTYIICHS MiHEpasli3allii, po3paxyHOK OajaHCy BYIJICIIO 32 METOOJIOTIEI0
Honatky E no ISO 14851; mocnimkenHs 6ioaerpananii npu BapiloBaHHI TEeMIIEpaTypu Ta CKIAIY

1HOKYITY; OIliIHKa MEXaHIYHUX BJIACTUBOCTEH TUTIBKH ITiCJI YACTKOBOI JeTrpajaltii.
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Olena ISHCHENKO, Daria KUCHYNSKA, Roman MOSKAL
Kyiv National University of Technologies and Design, Ukraine
AEROBIC BIODEGRADABILITY OF FILM POLYMER MATERIALS BASED
ON STARCH AND POLYVINYL ALCOHOL AS AN ECO-FRIENDLY ALTERNATIVE
TO CONVENTIONAL PACKAGING MATERIALS

Purpose. The aim of this study is the experimental determination of the degree of ultimate aerobic
biodegradability of a film polymer material based on a starch/polyvinyl alcohol (PVA) blend in a 25:75 mass
ratio in an aqueous medium, using the closed respirometer method in accordance with the requirements of
international standard 1SO 14851:1999.

Methodology. The study was conducted using a closed manometric respirometer Sapromat D12
(Voith, Germany) in accordance with 1ISO 14851:1999 (EN ISO 14851:2004). The total test duration was
99 days; interim analysis was performed at day 43. Reaction vessels of 510 mL with a liquid phase volume of
164 mL were incubated at 30°C and an atmospheric pressure of 1010 hPa. Activated sludge from a municipal
biological wastewater treatment plant served as the inoculum. The test comprised 12 vessels: 2 control vessels
(blank, F), 2 vessels with reference material (microcrystalline cellulose, F), and 8 test vessels containing the
test material (Fo). The theoretical oxygen demand (ThOD) was calculated from the elemental composition of
the components using the formula provided in Annex A of 1SO 14851:1999.

Findings. The calculated ThOD values were as follows: for starch (CsHi100s), — 1185 mg/g; for PVA
(C:H.0), — 1818 mg/g; and for the 25:75 blend — 1660 mg/g. The mean blank value at day 43 was 8.3 mg/L,
which is acceptable in accordance with the requirements of Clause 10 of the standard. The reference material
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(cellulose) exhibited a biodegradability degree of 61-68%, confirming the validity of the test. The test material
(starch/PVA 25:75) demonstrated a degree of aerobic biodegradation ranging from 38.4% to 55.7% for the
primary sample group (vessels 5, 6, 9-12). The lag phase for the test material was approximately 1.4 days,
which is substantially shorter than that observed for cellulose (~7-8 days).

Originality. For the first time, a quantitative assessment of the aerobic biodegradability of a film
polymer material based on a starch/PVA 25:75 blend has been performed using the closed respirometer
method (ISO 14851) in a complete 99-day test. The biodegradation kinetics characteristics were established,
including the duration of the lag phase, the active degradation phase, and the plateau phase for each sample
type.

Practical value. The data obtained confirm a substantial level of aerobic biodegradability of the
starch/PVA blend-based material, which substantiates the potential of its application as an environmentally
safe packaging material in accordance with the principles of the circular economy and the requirements of
current European Union environmental legislation.

Keywords: aerobic biodegradability; starch; polyvinyl alcohol; closed respirometer; 1SO 14851;
packaging materials.
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PET'YIIOBAHHS ®I3UKO-MEXAHIYHUX
VIIK 677.494 BJIACTUBOCTEN AKPWJI-YPETAHOBUX
MOJIMEPHUX MATEPIAJIIB

Mema. Busnauenns MOJNCIUBOCMI pe2YyMOBANHA  (DI3UKO-MEXAHIUHUX —GIACTNUEOCIEL  AKPU-
VYPEeMaHo8UX NOJIMEPHUX MAMEPIAII8 ULIAXOM 6CIMAHOBIEHHS PAYIOHANTbHO20 CNIBBIOHOUIEHHSI KOMNOHEHMIB Y
CKIadi 030001108AIbLHOI KOMRO3UYIL.

Memoouka. B pobomi suxopucmanu nonimepri mamepianu piznux munie: CRILAT 4815 (Vinavil,
Italy), Impranil DLP-R (Covestro, Germany). [us Oocnidxcenns 6iacmusocmell aKkpuji-ypemaHosux
KOMRO3UYill, MEMOOOM NOUBY 3 HACMYNHUM BUCYULYBAHHAM I KOHOUYIIOBAHHAM OMPUMATU NIIBKU MOBUWUHOIO
0,2+0,05 mm 3a piznoeo chiggioHOWEHHS CYX020 3aauwKy akpunogoi (I1A) i noniypemanoeoi (I1Y) oucnepcii.
Busnauanu mooyne eracmuyHocmi, MAKCUMANbHY MIYHICIMb HA pO3PUE MA GIOHOCHE BUOOBIHCEHHS NpU
PO3MALYBAHHI OJi AKPUT-YPEMAHOBUX NILIBOK, a MAKOXC iX 30amHicmb 00 HADYXAHHSA 8 emul080MYy CRUPMI,
oymunayemami, YOMUpbOXXI0PUCHIOMY 8Y2lleYyi.

Pesynomamu. Mexaniuny noedinky akpui-ypemanosux NONMepHUx Niieoxk 0y10 NpoaHanizoeano y
NOPIBHAHHI 3 MEXAHIYHOI0 NOBEOIHKOI0 YUCMUX NOJYPemAaHo8ux i NOMAKPUIAMHUX NOJIMEPHUX NIIBOK.
Bcmanosneno, wo npucymuicmo 30-40% 3a emicmom cyxo2o 3anuKy noaiypemarny 6 akpui-noaiypemaHnositi
KOMRno3uyii 003608€ Odocsiemu niosuwjerns medxci miynocmi niieku 0o 12,9-13,3 Mlla npu oonouacromy
30inbwenni ii enacmuunocmi 0o 420-450%, na 6iOMiHY 6i0 niiéku 3 wucmoi akpuioeoi ouchepcii (mexca
miynocmi 10,5 MITa i sionocne eudoscenns 233,3%). Hmosiprno make niosuwyenns mesxnci Miynocmi akpui-
VPEemaHo8ux cucmem n08 s3ame 3 YMEOPeHHAM 000AMKOBUX MIHCMONEKYIAPHUX 36 SA3KI8, W0 CYNPOBOOINCYEMbCSL
SHUMICEHHIM DPYXAUBOCMI MONEKYIAPHUX Janytozie. Mooicaugicmes  CUNbHOL  MINCMONEKYIAPHOL  83AEMOOIT
niomeepoHCyEMbCsl NIOBUWEHHAM CIMIIKOCII AKPUTI-YPEMAHOBUX KOMNO3UYIL 00 Oii emuioeo2o cnupmy.

Haykosa Hosu3na. 3a pe3yibmamamu 6UKOHAHUX OOCTIONCEHb MOJICHA 3pOOUMU BUCHOBOK NPO me,
WO 3MIHIOIOUU 6MICM NOJLYPEMAaHie 6 aKpul-ypemaHo8UX NOJIMEPHUX MNIIBKAX MONCIUBO 3abe3neyumu
OMPUMANHHS MEKCTHUTbHUX NOKPUMMIE 3 He0OXIOHUMU (Pi3UKO-MEXAHIUHUMU XAPAKMEPUCTIUKAMU.

Ilpakmuuna 3nauumicms. 3anponoHo8ano 3acmocy8anHs 00HO-OUCNEPCIUHUX AKPUT-YPEMAHOBUX
cucmem 01 MOOUQIKYBAHHS NOBEPXHI MEKCMUNIO 3 MEMOK HAOAHHA 8UPOOAM HOBUX (DYHKUIOHATbHUX
enacmusocmeil. Lle dae 3mozy cmgopiogamu KOHKYPEHMOCHPOMONCHT MKAHUHU 3 ROKPAWEHUMY CMAaOiIbHUMU
81ACMUBOCHIAMU, 30KPEMA MEXHIYHO20 3ACMOCY8AHHSL.

Knrouoei cnoea: nonimepui oucnepcii; nonimepui noxpumms, NOMAKpuiam, RONIYpemar; aKpui-
ypemarnosi oucnepcii; i3uKo-mexaniyHi 61acmugoCcmi.

Beryn. BnacTuBOCTi Ta 3acToCyBaHHS TIOJIMEPHUX CHCTEM MOXKHA 3HAYHO 3MIHIOBATH
nUIIXoM ix Moaudikamii ado komomiMmepusaiii 3 IHIIMMH TOJIMEpPaMH, MO0 XapaKTepUCTUKU
OTPUMAaHHMX MaTepiajiiB BIAMOBIMAIW 3a37aJeriap BU3HAYeHUM cTaHiaptaMm [1]. Takum 4wHOM, B
OCTaHHI POKM JIOKJIAJAIOTHCS 3HAUHI 3yCHIUIS JIJIsl BUKOPHCTAHHS MOTEHLIATY Pi3HUX KOMOJIiMepiB
IUIS1 3MIITYBaHHS, @ 1HOJII ¥ IOCHJICHHS! KOPUCHUX BJIACTHBOCTEH KOKHOTO KOMITOHEHTA 32 PaxyHOK
nocialieHHss HebaXaHUX XapakTepucTuk [2]. SIk mokazaHo B poOorti [3], 3acTOCyBaHHS CyMilIen
MOJTIMEPHUX JUCIIEPCIH Ha OCHOBI TOJIIYPETaHIB € OJHUM 13 CIOCOOIB OTpPUMAaHHS CYIIJIBHUX
HETMOPHUCTUX BOJOHETIPOHUKHUX «TUXAIOYHX» MOJIMEPHUX MOKPUTTIB TEKCTHIILHUX MaTepialis.

[Momiyperanu 3HAWNIIN OIIMPOKE 3aCTOCYBAHHS B PI3HUX TaTy3sX 3aBSKH TaKUM IIepeBaram,
SK IIAPOKUH Jiara3oH THYYKOCTi, BUCOKA CTIMKICTh 1O CTUPAHHS Ta Aii XIMIYHUX PEYOBUH, Uy0Ba
CTaOUTBHICTH Y Yaci, 3py4YHICTh Y HAHECEHHI MTOKPUTTIB Ta JOTJISAI 32 HUMH, III0 POOUTH MOJIypeTaH!
IIMPOKO BUKOPUCTOBYBAHUM KJIacoM mojimepiB [4, 5]. He3Bakaioun Ha BHIATHI XapaKTEPUCTHKH,
MOJTIypeTaH!u MaroTh 1 HU3KY HENOMIIKIB, TAKMX SK BUCOKI BHPOOHWYI BUTpPATH (TOJIOBHUM YHHOM
yepe3 130LiaHaTHUH KOMIIOHEHT) a00 TEXHOJIOT1YHI YCKJIAJAHEHHS, 110 BUHUKAIOTH IiJ] 4aC CUHTE3Y
4yepe3 BHCOKY pEeakIliiHy 3[aTHICTh 130I[laHaTHUX TPYH 0 HU3KU JOMIIIOK (HAMpPUKIAA, BOIN).

Copyright © The Author(s). This is an open access article
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Hapasi BTOpHHHI peakIiii 3a3BHuail yCyBarOThCs, a MPOCTUM MiJXOI0M /10 OTPUMAHHS MaTepialiB 3
MOKPAIEHUMU BIACTUBOCTSIMH € BBEJICHHS aKPHIIOBUX (PparMeHTIB Yy MOJIiypeTaHOBY MaTpUIio [6].

TpaauuiHO TMOJIIAKPUJIATH LIUPOKO BHKOPHCTOBYIOTHCS SK Kiei abo A OTpUMaHHS
MMOKPHUTTIB, OCKIJIBKH TaKi MOJIMEPH XapaKTEPHU3YIOThCS HU3BKOIO TEMIIEPATYPOIO CKIIOMOIIOHOTO
nepexomay, Mo poOUTh iX MpUIATHUMH sl 00poOKH, 031001eHHa abo ounmieHHs [7]. Kpim toro,
IUPOKUN BHOIp JOCTYIMHHUX aKPHJIOBHUX CTPYKTYP J03BOJISIE PO3POOJSATH Ta BUOWpaTH OakaHi
(bi3U4HI BIACTUBOCTI, HE HEXTYIOUHM iX HHIKUYOIO BAPTICTIO MOPIBHSHO 3 MOJiypeTaHamMH. 3 1HIIOTO
00Ky, € mpoOiieMH, TOB'SI3aHI 13 3aCTOCYBaHHSM IIOJIaKpWiaTiB, TOB'SI3aHI 3 THYYKICTIO
MaKpOMOJIEKYJISIPHOT'O JIAHIIIOT, 1110 BU3HAYa€ 0OMEKEHY MEXaHIYHY MIIHICTh. ABTOpaMu cTarTi [8]
MPOMOHYETHCS  3aCTOCYBAHHS CTUPOJI-aKPWIOBUX U YPETAHOBUX KOMITO3UIIN ISl TMOKPUTTA
TEeKCTHJIBHUX MaTepiajiiB, MPU3HAUCHHUX JUIsI BUTOTOBJICHHS CHELOAATy. BcTaHOBIIEHO, IO CTHPOII-
AKpUJIOBUH TOIMEP Ta KOMITO3MIliS HA OCHOBI TMOJIIypeTaHy 1 3IIMBAIOYOTO areHTa MOXYTh OyTH
BUKOPUCTaHI JJIs1 CTBOPEHHS MOKPHUTTIB Ha TEKCTHJIBHUX Marepiajax, s SKHX XKOPCTKICTb HE €
OCHOBHOIO XapaKTEPUCTUKOIO.

OpnHak, mig yac popMyBaHHS IUTIBKA MOYKE BUHHKATH MPOOIeMa HECYMICHOCTI MK PiI3HUMHU
TUTMaMU TOJIMEpIB, 30KpeMa aKpWJIOBUMHU Ta MOJIypeTaHOBUMH. TOMY akTyadbHUM 3aBIaHHSIM
3aJIMIIAETHCS BCTAHOBIICHHS PAaLliOHAIBHUX CHIBBIIHOIICHB PI3HUX THITIB MOJTIMEPIB Y CKJIai IITiBKU
JUISL OTPUMAHHS OKPUTTS 3 BIIMOBIAHUMH MEXaHIUHUMHU XapaKTePUCTUKAMH.

IocTaHoBKka 3aBAaHHA. MeToro 1aHOi poOOTH € BU3HAUYEHHS MOXKJIMBOCTI pPeryiOBaHHS
(b13UKO-MEXaHIYHMX  BJIACTUBOCTEH  aKpPWI-YPETAHOBHX TMOJIMEPHHX  MaTepialliB  [UITXOM
BCTAQHOBJICHHS ~ PaIliOHAILHOTO CITIBBIIHOIICHHS KOMIIOHEHTIB Yy CKIaJi 0370071F0BaIbHOI
kommo3uIlii. KiHIIeBOI0 METOI0 JOCIHIKEHHSI € POo3po0Ka TEXHOJIOTii 03700JI€HHS BOJOKHUCTHUX
MarepiaiaiB Ha OCHOBI BUKOPHUCTAHHS BOJIHO-IUCTIEPCIMHUX aKPUIIOBUX 1 YPETAaHOBUX MOJIMEPIB ISt
HaJaHHS MOMIMIIEHNX (QYHKI[IOHAILHUX BIACTUBOCTEH.

Pe3yabTaTn gociaimkeHHss Ta iX 00roBopeHHsi. BaXinBo OCOOIMBICTIO TMOJIMEPHHX
MarepialiB  JUIsI TOKPUTTIB TEKCTUIBHMX BHUPOOIB € JIOCSATHEHHS XOPOIIMX MEXaHIYHUX
BJIACTUBOCTEH. 3 11i€1 MPUYWHN MEXaHIuYHY TTOBEAIHKY BHINE3TaIaHUX MOJIMEPHUX MaTepialiB OyJio
MIPOaHaJI30BaHO MOPIBHIHO 3 MEXaHIYHOIO MOBEAIHKOIO YHCTUX MOJIIYPETAHOBUX 1 MOJIaKpUIATHUX
MTOJTIMEPHUX TITIBOK.

Memooonocia docnioxcenna. B poOOTI BUKOPHUCTAIH TOJIIMEPHI MaTepialid Pi3HUX THIIIB:
CRILAT 4815 (Vinavil, Iramis), Impranil DLP-R (Covestro, Himeuuwnna). Bubip marepianiB
00yMOBIIEHUH IPOCTOTOIO X 3aCTOCYBaHHS, JOCTYIHICTIO Ha PUHKY, TPUHHATHOIO I[IHOIO.

AxpunoBa aucriepcisi Ha BomHiii ocHOBI CRILAT 4815 xapakrepu3yeTbcs nyXe MauM
po3mipom gacTHOK. CRILAT 4815 ne mictuth ankindenon-erokcmiatiB (APEO-FREE), ¢popmars-
JIETiTy Ta PO3YMHHUKIB, HE Mae 3amaxy. Impranil® DLP-R — me anionna amidarudna momiedipHo-
MOJIiypeTaHoBa AUCIIEPCis, sIKa MiTXOAUTH ISl BUKOPUCTAHHS y CKJIaJll TEKCTUIBHUX MMOKPUTTIB IS
BEPXHBOTO OJIAATY, OarakHO-TEXHIYHUX BUPOOIB. Mae XopoIry CBITIOCTIMKICTh, 3a0€31euye Xopoury
aares3ito, Mae BUCOKHN BMICT TBEPAUX PEUYOBUH 1 XOpOIIy CTaOUTBHICT TPU MEpEeMilllyBaHHI.
Pe3yabpTaTyt MOPiBHSIBHOI OIIHKY MOJIMEPHHUX JTUCIIEPCIi Pi3HUX TUIIB HaBeIeHI B poboTi [9].

Jlis  mociKeHHsSl BIACTHBOCTEH aKpUII-YpPEeTaHOBUX KOMIIO3HINM, METOJOM IIOJIUBY 3
HAaCTYITHUM BHCYIITYBaHHSAM 1 KOHAMIIIOBAaHHSAM OTpUMaJIM IUTIBKK ToBIIMHOIO 0,24+0,05 MM 3a
PI3HOTO CITIBBITHOILICHHS CyX0ro 3anuiuky akpuiioBoi (ITA) i moniyperanooi (ITY) nucnepcii. binbi
JETAIBHO MPOIIeaypa OTPUMaHHS BUTBHUX IIJTIBOK omnrcaHa B po6oti [10].

Bu3HaueHHs MeXaHIYHUX BJIACTUBOCTEH MOJIIMEPHHX IUTIBOK, CTYNECHIO HAOyXaHHS IJTIBOK Y
BOJIi 1 OpPraHiYHUX PO3YMHHHMKAX MPOBOIWIN 3a METOIUKAaMH, HaBeeHUMHU B poOoTi [10]. 3okpema,
BU3HAYaJI MOJYJIb €JIACTUYHOCTI, MAKCUMaJIbHY MILIHICTh Ha PO3PHB Ta BiJHOCHE BUJOBKCHHS MIPH
pO3TATYBaHHI I aKPUJI-YPETAaHOBHUX IUTIBOK, a TAKOX iX 3aTHOCTI 1O HAOyXaHHS B €THJIOBOMY
cnupTi, OyTHialeTari, YOTUPbOXXJOpucTOMy Byrieui. OTpumani gaHi HaBeaeHi B Tabm. 1 i
MPOUTIOCTPOBaHi Ha puc. 1-4.
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3 aHanmizy pe3yJbTaTiB MEXaHIYHUX BUIPOOYBaHb (pHC. 1) MOTIMEPHUX aKpPHII-ypeTaHOBUX
IJTIBOK MO’KHA 3pOOMTH BHCHOBOK TIPO T€, 30UIBIIEHHS BMICTY ToJiypeTaHiB Bia 1 10 4 MacoBuX
YAaCTUH CYMPOBOXKYETHCS MIJBUILEHHSIM MEX1 MIITHOCTI IJTIBOK IIPU PO3TATYBaHHI Ta iX BITHOCHOTO
BHJIOBXKEHHS. MOKJIMBO TaKe IMiABUIICHHS MEX1 MIITHOCTI aKpHJI-yYpPETaHOBHX CHUCTEM TOB’SI3aHE 3
YTBOPEHHSM JIOJaTKOBUX MDKMOJIEKYJISIDHUX 3B SI3KiB, IO CYHNPOBOUKYETHCS 3HIDKCHHIM
PYXJIUBOCTI MOJICKYJIIPHUX JIAHITIOTIB.
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Puc. 1. Pe3yabTaTn BU3HAYECHHS MEXaHIYHMX XapAKTEPUCTHUK ILTIBOK
3a pPi3HOr0 BMICTY NOJIiypeTaHiB y CKJIaAi IJIIBKH

MOXXIUBICTh CHJIBHOI MIDKMOJIEKYJISIPHOI B3a€MOJIT  MIATBEPIKYETHCS I ABUIIICHHIM
CTIMKOCTI aKpWJI-ypeTaHOBHX KOMIIO3UIII 1O Aii eTHJIOBOro crnupTy. Pe3ynbraTu BHU3HAYCHHS
CTYIICHIO HAa0yXaHHS IUIIBOK Yy OpraHIYHUX PO3UYMHHMKAX 1 BOJII HaBe/IeHl B Ta0I. 1.

BwMmicT momniypeTraHiB B aKpHJI-ypeTaHOBUX IUTIBKaxX BIUIMBAE HA IX MOBENIHKY B PO3YMHI
eTHJI0BOTO cnupTy. [IprumH Takoi MOBEMiHKM MOKe OyTH JeKinbKa. 3arajbHa CTPYKTypa aKpHII-
YpeTaHOBUX TMOJIMEpIB Ha BiAMIHY BiJ MOMiakpuiaTiB OulblI TigpodoOHA 3aBASKH HasBHOCTI
«OKOPCTKHUX)» CErMEHTIB TOJII0JIiB/1301[iaHaTIB Ha MPOTUBAry «M’SIKUM» aKpUJIOBUM cerMeHTaM. Kpim
TOT0, aKPUJIOBI MoJiMepH (moniakpuiati) MaroThk ectepHi rpymu (COOR), siki 1o0pe B3aeMOIIIOTh
31 criupramu. JIo TOro K ypeTaHOBI IpyNH 3[JaTHI YTBOPIOBAaTH BOJHEBI 3B’S3KH MiK c0000 (—
NH:--O=C-), yacTkoBO 3 IHIIMMHU MOJSIPHUMH TpyNamH, MO0 Ja€ OUIBII ILIUIBHY YHNAKOBKY
MaKpOMOJICKYJI. BiAMOBIAHO €TaHOJy CKIIJHINIE «pO3ipBaTH» Taki B3aeMOJii 1 MPOHUKHYTHU B
moJIiMep.

AKpWIOBI TUTIBKH JEMOHCTPYIOTh IOBHY PO3YMHHICTh B €THUJIOBOMY CIHPTi. 3a BMICTY
MOJIiypeTaHiB B IUTiBKaxX 1—2 MacoBUX 4acTUH (M.4.) TaKOXK CIIOCTEPITra€ThCsl MOBHA PO3UMHHICTH
IJTIBOK B €THJIOBOMY CIUPTI. 32 BMICTY MOJIypeTaHiB 3—5 M.4. CIIOCTepiraeThCcsi HAOyXaHHs aKpuJI-
YpETaHOBUX IUTIBOK B ETHJIOBOMY CHHUPTI, NOJAJbIIE MiJBUIIEHHS BMICTY TOJiypeTaHiB B
aKpPUIIypeTaHOBHX IUTIBKaX MPH3BOJUTH OO IX IOCTYIOBOTO pPO3YMHEHHS. TOOTO 3a BMICTY
noJiiypetaniB 3—5 M.4. B CTPYKTYpI1 IUTIBKH MICTUTBHCS BXKE 3HAUYHA KUIBKICTh YPETAHOBUX T'PYII, 110
MPU3BOJUTH JI0 TOJIIPHOI B3aemoii 3 eranosioMm yperaHoBux rpyn (—-NH-CO-O-) uepe3 BoaHeBi
3B’SI3KH, aJI€ CTPYKTYpa 3aJUIIAETHCS IO JOCTATHHO 3IIUTOI0, 1100 30€perTy MiITICHICTh IUTiBKH.
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Tabnuys 1
Pe3yabTaTn BUBHAYEHHS CTYNEHI0O HA0YXaHHA IJIIBOK Y OPraHivYHMX PO3YHHHUKAX i BOTI
Cxnaz momimMepHoi Cryninp HaOyXaHHS ITIBOK (; OpPTraHIYHUX PO3UMHHHKAX, Cryninb
mwBku [TA/ITY, 2 = HaOyXaHHS
M.H. EtunoBuii cnuprt | bytunanerar HoTnproxxaopHCTHi IUTIBOK y BOJ, %0
BYTJICIH

10/0 Pozumnunace | Po3unnauniace Po3uununace 61,73

9/1 Po3zunnnnaces |Po3unHnnace Po3zununnace 41,19

8/2 Posunnunace |Po3umnuimack Po3unnunace 37,81

7/3 65,80 Po3unnniacek Po3unnuniace 33,64

6/4 91,34 Po3unamMnacek Po3unnauUnace 25,95

5/5 180,10 Pozunnumace Po3unnHunace 20,83

4/6 113,78 293,30 461,41 17,12

3/7 90,88 233,66 382,53 6,18

2/8 65,29 242,15 189,35 1,82

1/9 12,11 127,70 66,35 1,55

0/10 6,61 23,84 14,41 1,33

SIK BUIHO 3 HaBEJCHHUX Ha PHC. 2 JaHUX, 110 Mipi 301IbIIICHHS] BMICTY MOJiypeTaHiB B aKpuJI-
YPETaHOBHUX KOMIIO3UIIISIX, CIIOCTEPIraeThCsl MOCTYMOBE 3MEHIICHHS CTYMEHS HaOyXaHHS Yy BOJI.
3HmKeHHS HA0yXaHHA Y BOJIl IMOBIPHO 3yMOBJICHE TUM, 1110 aKPUJI-YPETaHOBI ITIBKA MAIOTh LIUIBHY
3IIUTY CTPYKTYPY, € OUTBII r1ipoPOoOHUMH, MAIOTh CUJIbHI BHYTPIIITHI B3a€EMO/Ii1, 1 BiZITOBITHO HIDKIY
MPOHUKHICTH U1t Boau. [lo Mipi 30UIbIIEHHST BMICTY IMOJIiypeTaHiB B aKpHJI-ypEeTaHOBUX IUTIBKax
BiIOYBA€ETHCSA 3MEHIICHHS KUIBKOCTI TiApO(IIBHUX TPYI, TOPIBHIHO 3 YHCTHMH aKPUIOBHUMH
NOJIMEPHUMH CHCTeMaMHu: MeHIIe BitbHUX kapookcuiabHux (—COOH) i rigpokcuinbpanx (—OH) rpym,
TOOTO MeHIIIe (PYHKIIIOHAILHUX TPY, sIKI MOXYTh B3a€EMOJISITH 3 BOJIOIO.
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Puc. 2. Pe3yJbTaT BU3HAYCHHS CTyIIeHsI HA0yXaHHSI AaKPHJI-YPEeTaHOBHUX ILIIBOK
B €TUJIOBOMY CIIMPTI Ta Y BOAi

VIMOBipHO 36iMbIICHHS BMICTY OMypeTaHy B aKpHJI-yPEeTAHOBHX IUTIBKAX IIiJBHIIYE TXHIO
CHOPIAHEHICTh IO TOJIIPHOTO PO3YMHHHKA (€TaHONIY), IIO0 CHpPUSE TMEPEXOAy Bl OOMEKEHOTO
HaOyXaHHS 10 TOBHOT'O PO3UYMHEHHSI BHACTIIOK PYWHYBAHHS MIKJIAHITIOTOBUX B3aEMO/TIH 1 3HIKCHHS
e(eKTUBHOI MIUTLHOCTI 3IIMBAHHS.
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[epexin Bix HaOyxaHHS A0 PO3UYMHEHHS MOJTIMEPHUX CUCTEM Y PO3UMHHHUKAX MOSCHIOETHCS
TEPMOJAMHAMIKOIO 3MiITyBaHHsI 3T1HO 3 Teopieto dmopi—Xarrinca ta Grnopi—Penepa, ne pupimansay
pOJb BiJirpae CIIBBIAHOIICHHS B3a€MOJIN MOJIMEp—TIONIMEp 1 TMOJIMEP—PO3YMHHUK, a TaKOXK
T'YCTHHA 3IIMBAHHS MOTIMEPHOI ciTku [11].

[To mipi 36inbLICHHS BMICTY MOJIiypeTaHy B KOMIIO3UIIi1, OJIMEpHa CTPYKTypa CTa€ OiIbIl
«THYYKOIO», TUTIBKAa MOKE CHIIBHIIIIE PO3TATYBATHUCH, III0 CYIIPOBOKYETHCS 3pOCTAHHAM BiTHOCHOTO
BUJIOBXKCHHS, aJie IIPU IbOMY TipIlie YHHUTH omip AedopMariii (MOyIb €TaCTUYHOCTI Majae).

[MpoTHiaeKHI 3aI€KHOCTI I MOAYJIS €IaCTHYHOCTI 1 BITHOCHOTO BHIOBXKCHHS (pHC. 3) 3
PYXJIUBICTIO MAKPOMOJIEKYJI TTOJTIMEPIB. SIKIIIO MMOIMEpHI JIAHIIOTH IIIJIbHO YIIaKOBaHi, BOHU Maixe
HE pYXalThCsA, TMOJIMEPHUN MaTepial JKOPCTKUHM 1 XapaKTEePU3YEThCS BUCOKHM MOJYJIEM
€JIACTUYHOCTI 1 HU3bKUM BUAOBXKEHHSM. L{e crocTepiraeTscs 3a BiZICYTHOCTI OJIiypeTaHy B CUCTEMI,
a00 3a HU3BKOTO Horo BMICTY (1-2 M.4.). SIKII0 ToJIIMEpHI JTAHITIOTH OLTBII PYyXJIUBI (MEHIIIE 3B’ SI3KIB
MK HUMH) BOHHU 3[IaTHI JIETKO MEPEMIIIyBaTUCS OJWH BiIHOCHO OJHOTO, IO CYIPOBOKYETHCS
3POCTaHHSAM BiZTHOCHOTO BHUJIOBXKCHHS 1 3HMKCHHSIM MOJYJIO €JIACTUYHOCTI, IO MPUTAMAaHHE IS
KOMIIO3ULIH 3 BUCOKMM BMICTOM MoJiiyperaHiB. OIHOIO 3 NMPUYMH TaKoi MOBEIIHKA MOXe OyTu
3MEHIICHHS CTYIEHS KPUCTATIYHOCTI aKpHJI-yPETAaHOBHUX TOJIIMEPHUX CHCTEM I10 Mipi 301IbIICHHS
BMICTY HOJIiypeTaHiB.
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Puc. 3. XapakTepucTHKa €JJACTUYHUX BJIACTHUBOCTE MJIIBOK 32 Pi3HOr0 BMICTY MOJIiypeTaHy

Ha puc. 4 naBenmeHa KpuBa, sika XapaKTEpU3y€e IOBEIIHKY MOJIMEPHHX MaTepialliB I
BIUTMBOM HAIPY)KEHb Ta Jeopmauiid. Ik BUAHO 3 HaBEACHUX NaHMX, MOAIOHY GopMy Mae KpHBa,
HaBezieHa aBTopoM [12, ¢. 83]. 3araiom gociipKyBaHa aKkpUiI-ypeTaHOBA CUCTEMA MPOSIBIISIE TOMITHI
B’S3KO-TIPY>KHI BIaCTUBOCTI. KpuBa mokaszye xapakTepHy MOBEAIHKY MOJIMEPIB, SKi MAIOTh BEIUKUI
3arac MiIHOCTI Ta 3HAYHY IUIACTHYHICTh/eIacTUYHICTh. PyiiHyBaHHS BiqOyBaeThCs OLIBII pi3Ke, HIXK
y TIOJIIypETaHiB, aJie MEHIII KPUXKE, HIK Y 3BHUaHOTO0 akpruty. HemiHiitHui XapakTep Hamoi KpuBoi
MOB'SI3aHUN 3 PO3KPYUYBAaHHIM MOJTIMEPHHX JIAHIIOTIB 1 MOJAIBIINM PYXOM OKPEMHX CETMEHTIB IO
Mipi po3tsaryBaHHs. KoedimienT nerepminamii R* = 0.9203 nns anmpokcuMyrodoi KpuBoi (miHIT
TPEeHIy) BKa3dye Ha BHUCOKY JOCTOBIPHICTHh OTPUMAaHMX JaHMX, SKI ONHCYIOTH 3aJEKHICTb
HarnpyXeHHsI—1eopmartis.
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KombiHartist >kOpCTKHX aKpUIOBUX ()PArMEHTIB 1 M’ IKHX YPETAaHOBUX JJIsl aKPUJI-YPETaHOBHX
CHUCTEM J03BOJISIE JTOCATTH OallaHCy MIXK JKOPCTKICTIO Ta enacTuuHicTio. [IpucyTtHicTh 3-4 M.4.
MOJIiypeTaHiB B aKpHUJI-TIONIyPETAHOBIM KOMIO3UIIiT T03BOJISIE JOCSATTH MiABUIICHHS MEX1 MIITHOCTI
wriBku 110 12,9-13,3 MIla npu ogHOuacHOMY 301bIeHH] 11 enactuaHocTi 10 420-450%, Ha BigMIHY
BiJl IUTIBKU 3 aKpuJI0BO1 aucnepcii (Mexxa mirHocti 10,5 MIla i BigHOCHE BUoB)keHHS 233,3%).
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Puc. 4. IloBeaiHka aKpUJI-ypeTaHOBUX MOJIMEPHHUX MaTepiaJiiB
i/l BILIMBOM HaMNpYy:KeHb Ta Aedopmaunii

Takum 4MHOM, 3MIHIOIOYH BMICT MOJIIypETaHIB B aKPUJI-YPETAHOBUX MOJIMEPHUX JTUCIIEPCIIX
MOXXJTUBO 3a0€3MeYUTH OTPUMAHHS TEKCTUIBHUX IOKPHUTTIB CHEMiaIbHOTO TpPU3HAYCHHS 3
HEOOXIMHUMH  (PI3MKO-MEXaHIYHUMH  XapakTepucTukamu. lle mae 3Mory  CTBOpIOBaTH
KOHKYPEHTOCTIPOMOXKHI TKaHMHHM 3 TMOKPAIlEHUMHU CTaOUTbHUMHU BIACTHBOCTSMH, 30KpeMa
TEXHIYHOTO 3acTocyBaHHs. llomameimi mocmimpkeHHs OyayTh HampaBlIeHI Ha BiIMpaIfoBaHHS
napaMeTpiB TEKCTUIBLHOTO 03100JI€HHS aKpUJI-yPETaHOBUMH IOJTIMEPAMHU.

BucnoBku. 3a pesynpraraMu AOCTIHKCHHS (PI3MKO-MEXaHIYHUX BIIACTUBOCTEH aKpuil-
YpeTaHOBUX IUTIBOK 3p00JIEHO BUCHOBOK PO T€, 110 301JIBIICHHS BMICTY MOJdiypeTaHiB Bix 1 10 4 M.4
CYNPOBOKYETHCSA TIIBUIICHHSIM MEXI MIIHOCTI TUTIBOK TPH PO3TATYBaHHI Ta iX BITHOCHOTO
BUJIOBXKECHHA. MOXKIIMBO Take MiABUILEHHS MEX1 MIITHOCTI aKpWJI-ypeTaHOBHX CHCTEM IIOB’sS3aHE 3
YTBOPEHHSIM JOJATKOBUX MIDKMOJICKYJISIDHUX 3B SI3KiB, IO CYIPOBOUKYETHCS 3HIDKCHHSIM
PYXJIMBOCTI MOJIEKYJISIPHUX JAHLIIOTIB.

MOXIUBICTh CHJIBHOI MIDKMOJIEKYJISIPHOI B3a€MOJIi  MIATBEPIIKYETHCS I ABUIIICHHIM
CTIMKOCTI aKpHJI-ypeTaHOBUX KOMIIO3HUIIIT /10 /1ii €eTUIIOBOrO CIIUPTY. 32 BMICTY NOJIiypeTaHiB 3-5 M. 4.
CIIOCTEpIraeThCsl HaOyXaHHSA aKPUI-YPETaHOBUX IUIIBOK B ETHJIOBOMY CIIUPTI, IOJAJbIIIe
MiABUILEHHS BMICTY MOJIypeTaHiB B aKpHJI-ypPEeTaHOBHX IUTIBKaX MPU3BOIUTH J0 iX MOCTYIOBOTO
pO3YHHEHHS. VIMOBIpHO 3GiNbIICHHS BMIiCTy MONIYPEeTaHY B AaKPUI-yPeTAHOBHX IUTIBKAX B
JOCTIDKYBAaHUX MEXaX MiABUIIYE IXHIO CIIOPIIHEHICTh J0 MOJSPHOTO PO3UYMHHUKA (€TaHOIY), IO
CIpusie TIEPEexXoay BiJl 0OMEKEHOro HaOyXaHHS 0 MOBHOTO PO3YMHEHHS BHACTIAOK pYyHHYBaHHS
MDKJIAHIFOTOBUX B3a€EMOJIIH 1 3HMKCHHS €(DEKTHBHOI IUTBHOCTI 31ITMBAHHSL.

3po0JIeHO BHUCHOBOK TPO TOMITHI B’S3KO-TIPY’KHI BJIACTHUBOCTI JOCHIDKYBAHOI aKpHII-
YpeTaHOBOI CUCTEMH, 10 BKa3ye Ha XapaKTepHY NMOBEIIHKY MOJIMepiB, sIKi MalOTh BEJIMKHNA 3amac
MIITHOCTI Ta 3HAYHY TUIACTHYHICTh/enacTuUHiCTh. KoMOiHaIis KOPCTKUX aKpUIOBUX (PParMeHTiB 1
M’SIKUX YPETaHOBHX JIJIsl aKPHII-YPETAaHOBUX CUCTEM J03BOJISIE IOCITTH OAJIAaHCY MIXK )KOPCTKICTIO Ta
enactuyHicTio. [IpucyrtHicts 3—4 M.4 nomiyperanis (30-40% 3a BMICTOM CyXOro 3aJIUIIKY) B aKpHJI-
MOJIIypEeTaHOBIM KOMIIO3UIIiT JJO3BOJISIE JOCATTH IIJBUIIEHHS MEXI MIIHOCTI IuliBKH a0 12,9—
13,3 MIla npu ogHOYacHOMY 301sIbIIeHHI 11 enacTuaHOoCTi 10 420-450%.
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Takum 4MHOM, 3MIHIOIOUH BMICT MOJ1YpETaHiB B aKPUJI-YPETAaHOBUX MOJTIMEPHUX JUCTIEPCIAX
MOXJIMBO 3a0€3MEUYNTH OTPUMAaHHSA TEKCTIJIBHUX TIIOKPUTTIB CIICLiaIbHOTO TPH3HAYEHHS 3
HEOOXITHUMHU (PiI3UKO-MEXaHIYHUMH XapaKTEPUCTHKAMH.

IMoasika. ABTOpH CTaTTI AIKYIOTh JOLEHTY Kadeapu 010TeXHOJorIi mKipu Ta XyTpa OxMar
Osneni AmHaromniiBHI 3a JOMOMOTY y MpPOBEACHHI MEXaHIYHUX BUIPOOYBaHb 3pa3KiB aKpUII-

YpETaHOBHX ILTIBOK.
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FOR THE ACRYLIC-URETHANE POLYMER MATERIALS

Objective. The aim of this work is to regulate the

physical and mechanical properties of acrylic-

urethane polymer materials by determining the rational ratio of components for the finishing composition.
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Methodology. The study used polymer materials of various types: CRILAT 4815 (Vinavil, Italy),
Impranil DLP-R (Covestro, Germany). Polymer films with a thickness of 0.2+0.05 mm were obtained by
casting followed by drying and conditioning, with different ratios of dry residue of polyacrylic (PA) and
polyurethane (PU) dispersions to investigate the properties of acrylic-urethane compositions. The elastic
modulus, tensile strength, and relative elongation at break of the acrylic-urethane films were determined, as
well as their swelling behavior in ethyl alcohol, butyl acetate, and carbon tetrachloride.

Findings. The mechanical behavior of acrylic-urethane polymer films was analyzed in comparison
with that of pure polyurethane and polyacrylate polymer films. It was established that the presence of 30-40%
polyurethane (by dry residue content) in the acrylic-urethane composition makes it possible to increase the
tensile strength of the film to 12.9-13.3 MPa while simultaneously increasing its elasticity to 420-450%,
compared to a film made from pure acrylic dispersion (tensile strength 10.5 MPa and elongation 233.3%).
This increase in tensile strength of acrylic-urethane systems is likely associated with the formation of
additional intermolecular bonds, accompanied by reduced mobility of molecular chains. The possibility of
strong intermolecular interaction is confirmed by the increased resistance of acrylic-urethane films to the
action of ethyl alcohol.

Originality. The results of the study indicate that it is possible to obtain textile coatings with desired
physico-mechanical characteristics by varying the polyurethane content in acrylic-urethane polymer films.

Practical value. The use of water-dispersed systems based on acrylic and urethane polymers is
proposed for modifying textile surfaces in order to impart new functional properties to products. This enables
the creation of competitive fabrics with improved and stable properties, particularly for technical applications.

Keywords: polymer dispersions; polymer coatings; polyacrylate; polyurethane; acrylic-urethane
dispersions; physico-mechanical properties.
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AOCTIUKEHHA — HNIAXOAIB 10 OBPOBKH  TA
YK 004.8:004.65: ®AKTOPU3ALIL JAHUX VY TEOIH®OPMALIMHUX
004.932 CUCTEMAX

Mema. [Iposeoents NOPiBHANLHO20 AHANIZY ICHYIOHYUX Ni0X00i8 00 00POOKU 2eONPOCTNOPOBUX OAHUX
V 2e0THHOPMAYITHUX CUCTEMAX MA BUSHAYEHHS MONCTUBOCTEN 3ACMOCYB8AHH AneeOpaiutol ghakmopuzayii
ons ananizy 6a2amosuMIpHUX eKoa02IUHUX OAHUX.

Memoouka. Buxonano cucmemamusayito ma NOPIGHAAbHUL aHAI3 NiOX00i@ 00 00poOKU
2e0npoCmoposux OaHux, 30Kpema Memooi@ pO3NOOLIEHUX OOYUCICHb, 2e0MEMPUYHO2O MOOeT0B8AHHS,
MampuyHoi axmopusayii, 6a2amosUMIpHO20 CMAMUCMUYHO20 AHANIZY, NPOCMOPOBO-4ACOBUX 2PAPOBUX
HeUpoHHUX Mepedc 1 nidxodie 0o inmeepayii oanux 3 piznux Oxcepen. Oyino8anHs 30IUCHIOBANIOCH 3a
Kpumepisamu: mun OAaHUX, HASAGHICMb HPOCMOPOBOI CKAAO0B0I, BPAXY8AHHS HYACOBUX 3ANeHCHOCHEl,
3acmocysanns anceopaiunoi axmopusayii, inmeepayis 3 I'lC, macwmaboganicms, inmepnpemosanicmy
pe3yIbmamie, 00UUCTI08ANbHA CKAAOHICMb [ NpUOAmMHICMb 00 eKon02iuHux 3a0ay. Poszianymo vomupu epynu
nioxo0ie: iHhpacmpykmypHi ma meopemuini Memoou, Memoou aneedopaiunoi paxmopuszayii, cmamucmuymi
Memoou ma ITHMeNeKmyaibHi aleopummu, wo O00380AUN0 OYiHumu ix egexmuenicmov 01 0OPOOKU
NPOCMOPOBUX, NPOCMOPOBO-YACOBUX | OA2AMOBUMIPHUX 260NPOCTNOPOBUX OAHUX.

Pezynomamu. Bcmanoeneno, wo Hetipomepedcesi mMooeni 3abe3neyyiomsv egekmusre 8paxy8amHsl
CKIAOHUX NPOCMOPOBO-HACOBUX 3ANEHCHOCHEU, OOHAK XAPAKMePU3VIMmMbCs BUCOKOI O0OHUCTIOBAILHOIO
CKIAOHICMI0O MaA HU3bKOW IHmepnpemoganicmio. Illokazano, wo icHyoui nioxoou He 3abesneuyiomv
VHIBEPCATbHO20 NOEOHAHHS MemoOie aneebpaiunoi haxmopusayii, nPocmMopo8o-41aco8020 MOOETOBAHHS Md
cneyu@iKu eKoa0TuHUX 2e0NPOCMOPOBUX OAHUX.

Haykoea nosuszna. Cucmemamusosano cydacHi nioxoou 00 00poOKU 2eonpocmoposux OaHux 3
nozuyii 3acmocysanns aneebpaiunoi gaxmopuszayii ma 6usHA4eHO HesupiweHi acnekmu il inmezpayii 6
exonoeiuni eeotngpopmayivini cucmemu. OOIPYHMOBAHO OOYINLHICMb PO3POOKU MemoOdié hakxmopu3zayii Ons
bazamosuMIpHUX OAHUX 3 YPAXYBAHHAM NPOCHOPOBO-UACOBUX 3ATIEHCHOCTNEIL.

IIpakmuuna 3nauumicms. Pesyromamu modxcyms 6ymu 6UKOPUCMAHI OJisi CMEOPEHHS HOBUX MemO0i8
aneebpaiunoi hpaxmopuszayii 8 eKoN0THHUX 2eOIHHOPMAYITHUX CUCTNEMAX, 30KPEeMA MOHIMOPUH2Y O0BKILIA,
NIOMPUMKU NPULIHAMNSA PileHb MA AHATEZY 6A2amOBUMIPHUX 2e0NPOCMOPOBUX OAHUX.

Knrouoei cnosa: ancebpaiuna ¢axmopusayis oauux; 2eoiHhopmayitini cucmemu, HpPoCmMopogo-
4qcosi 0aHi; CUCMEMHUL AHANI3, MAMPUYHA HAKMOPU3AYIs, NOPIGHAIbHUL AHATIS.

Beryn. Cyugachi reoindopmartiiiai cuctemu (I'IC) mmpoko 3acTOCOBYIOTHCS I aHAIIZY
MPOCTOPOBUX JAaHMX Y PI3HUX NPEAMETHUX OOIACTAX, 30KpeMa EKOJOTIYHOMY MOHITOPHUHIY,
TPAHCIIOPTHHUX JOCII/DKEHHSX, YIPaBIiHHI 36MJICKOPUCTYBAaHHSIM Ta PEKOMEHIALIMHUX CepBicax.
[TocriiiHe 301MbLICHHS OOCATIB Te€ONMPOCTOPOBUX JaHUX, iX OaraTOBUMIpHICTh 1 HEOAHOPIIHICTH
3YMOBJIIOIOTh HEOOXIJHICTh 3aCTOCYBaHHS €(PEKTHMBHHX IIIXOMIB 0 iX 00poOKku Ta aHamzy [1].
TpaauuiiiHi cTaTUCTUYHI METOIM HE 3aBXK/IU 3a0€3Meuy0Th Heo0XiIHy MacIITabOBaHICTh 1 TOYHICTh
nmpu poOOTI 3 BEIMKMMH MacCHBaMH TeONpocTopoBoi iH(opMarii. Ile 3ymoBmoe moTpedy y
BUKOPUCTaHHI Cy4acHHUX IiJIXOMIB, 30KpeMa METOAIB anredpaiunoi ¢axTopusauii, SKi JO3BOISIOTH
3MEHIIIyBaTH PO3MIPHICTh JaHUX Ta BUIALIATH X JaT€HTHY CTPYKTYpPY [2—3]. Po3B’s3anus wi€l 3amadi
Ma€e BaXJIMBE MPaKTUYHE 3HaUeHHs 11 o0y noBu exonoriynux ['1C, cucreM miaTpuMKy NpUHHATTS
pillieHb Ta aHaMI3y 0araTOBUMIPHUX MPOCTOPOBO-YACOBUX JaHUX.

JlonaTtkoBo 3pocTae morpeda y KOMIUIEKCHOMY aHali31 eKOJIOTTYHUX IeONPOCTOPOBUX AAHUX,
110 HAIXOMSTh 13 PI3HUX JPKEpes, BKIIOUAOUN CEHCOPHI MEPEXi, CYMyTHUKOBI CIIOCTEPEKCHHS Ta
KpayAcopcuHToBy iH(opmarito. Taki JaHi XapaKTepU3yIOThCS BUCOKOIO PO3MIPHICTIO, HAsIBHICTIO
MPOMYCKIB, IIYMOM 1 CKJIaJJHUMU IPOCTOPOBO-YACOBUMHU 3AJICKHOCTIMHU. BHKOpHCTaHHS KITAaCHYHUX
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METO/IB aHaJli3y yacTo He 3a0e3mneuye eeKTUBHOI IHTErpallii reTeporeHHUX JaHuX Y €MHY MOJIEIb.
VY 11pbOMy KOHTEKCTI MeTOoau anreOpaiunoi ¢akropu3aiii 3a0e3medytoTh ePeKTUBHE 3MEHIICHHS
PO3MIpHOCTI, BUIiNEHHS JaTeHTHUX (aKTOPiB Ta IiJBUIIEHHS iHTEPIPETOBAHOCTI Pe3ybTaTiB. IX
iHTerpaIis 3 reoiHGOpMaIITHUMU CUCTEMaMH CTBOPIOE HOBI MIEPETyMOBH JIJIs1 PO3BUTKY I1IXOIIB JI0
aHaJi3y eKOJOTIYHMX JaHUX. TakuM YUHOM, JOCHIKEHHS MigXOAiB 10 OOpOoOKM HaHuX i3
BUKOPHUCTAHHIM aireOpaidHoi ¢akTopu3ailii B KOHTEKCTI T€O0iHPOPMAIITHIX CHCTEM € aKTyaIbHUM
1 TOL{IJIBHUM.

AHaJi3 monepeaHix aociigkenb. OqHIE0 3 KITIOYOBUX MTPo0JIeM reoiHdopMaIiiiHux CucTeM
€ BHUOIp e(peKTUBHUX MiAXOAiB 10 00poOKM Ta (hakTopu3alii TeoNpOCTOPOBUX MAHMX, IO
XapaKTEepPU3YIOTHCS BUCOKOIO PO3MIPHICTIO, TE€TEPOr€HHICTIO Ta CKJIAJHUMHU NPOCTOPOBO-YACOBUMHU
3aJIOKHOCTAMHU. ICHYIOUl METOAM CYTTEBO BIAPI3HAIOTBCS 3a pIBHEM MaciTaboBaHOCTI,
IHTEPIPETOBAHOCTI Ta 3[aTHICTIO BPaXxOBYBATH IMPOCTOPOBO-4acoOBi (DaKTOpH, IO YCKIATHIOE iX
yHIBEpCaJlbHE 3aCTOCYBaHHS Ta 3YMOBIIOE HEOOXIAHICTh aHai3y MiIXOAIB 10 0OpoOKH
reonpOCTOPOBHX JaHUX 1 3aCTOCYBaHHSA MeTOIIB (hakropu3artii [1-11].

AmHasi3 cyyacHHMX JOCIHIPKEHb MOKa3aB, 10 OCHOBHI HAamNpsMU OOpOOKH TeOompOCTOPOBHX
JAHUX OXOIUTIOIOTh IMUPOKUN CIEKTP MIIXOJIB BiJI PO3MOIIICHUX OOYMUCTIOBAIBHUX CHUCTEM JI0
MoJiesielt MaTpU4HOI (haKTopHU3alliil 3 ypaxyBaHHSIM IMPOCTOPOBO-YACOBUX 3aJ€KHOCTEH. 30Kkpema, y
poboti [1] 3ampomoHOBaHO MiAXiA 10 OOPOOKM BEIWKHX TE€ONMPOCTOPOBHX JaHWX HA OCHOBI
PO3MOAiIIEHUX OOYHMCIIOBAIBHUX CHCTEM 1 MapajenbHUX aiaroputmiB. Takuii minxin 3a0esmnedye
BHCOKY MacITaOOBaHICTh, OJTHAK HE OXOTUTIOE METOIN aHATITUYHOTO MOJICITFOBAHHS.

Y poboti [2] cdopMynrOBaHO TEOPETUYHI OCHOBH T'€OMETPHUYHOTO MPEICTABICHHS
npoctopoBux 00’ekTiB y I'IC, 1110 CTBOpIOE MaTeMaTUYHE MATPYHTS TS MOAATBIINX aITOPUTMIYHUX
JOCITIJKEHB, TTPOTE HE MICTUTDh MPUKIATHUX METO/IIB aHAJI3Y JaHUX.

VY poborax [3—6] po3risHyTO MiAX0IM HA OCHOBI MAaTPUYHOI (paKTOpU3aLIii IS 3a/1a4 aHANTIZY
TEONMpPOCTOPOBUX JaHUX. 30kpema, moaenb GeoMF [3] moegnye marpuuny ¢akTopu3aimiio 3
reorpadiuHUM MOJICITIOBAHHAM U 33]1a4 peKOMEH/Iallii TOYOK iHTepecy, 1110 J03BOJISIE BpaXOBYBAaTH
MPOCTOPOBY OJM3BKICTH 00’€kTiB. GeoMF posmupeHo mpeacTtaBieHo B [4] mUIIXOM 1HTerparii
MeXaHi3My paHKyBaHHS, 1110 MiJBHUILYE IKICTh PEKOMEH/AIlii, OJJHAK HE BPAXOBYE YaCOBY IMHAMIKY.
Y poboti [5] 3ampomonoBano wmonenb LGLMF, ska BUKOPHUCTOBYE JIOTICTUYHY MATpUUYHY
(bakTopH3alliio 3 ypaxyBaHHSAM JIOKaJbHUX reorpaiqHux 0COOIMBOCTEH, IO IMiJBHUILYE TOUYHICTh
pu po0OOTI 3 po3piKeHUMHU HaHuMH. [lofganpimmii po3BUTOK MPEACTaBICHO y [6], 1€ MoeaHaHO
reorpadiuHe Ta dYacoBe MOJETIOBAHHS Ha OCHOBI MaTpuyHOi (akTtopu3auii, MO JO3BOJISIE
BpaxOBYBaTH IPOCTOPOBO-YACOBI 3aJIGKHOCTI, OJHAK MOJENIb 3aJUIIAETHCS OPIEHTOBAHOIO
NEepeBaXHO Ha 3a71a4i pEeKOMEHAIIIHUX CUCTEM.

VY pob6orax [7, 8] mocaimKEHO eKOIOTIYHI aCIIEKTH aHajIi3y TeonpocTOpoBUX AaHuX. Tak y [7]
3alpONOHOBAHO TOEIHAHHS 1HACKCIB 3a0pyIHEHHS, Te0iHPOpPMAaLIHHUX CHCTEeM 1 0araToOBUMIpHHX
CTATUCTUYHUX METOIB /ISl aHATI3Y IPYHTIB, 1110 3a0e3Meuye IHTepIPETOBAHICTh PE3YJIbTATIB, OJHAK
00MEeXKye MOXIIMBOCTI pOOOTH 3 BEIMKMMHU OaraToBUMipHHUMM HaOopamu maHux. Y poOoTi [§]
MPEACTABICHO 3aCTOCYBaHHS YaCTKOBOTO KAaHOHIYHOTO KOPEINAIINHOTO aHaji3y IS JTOCIIKCHHS
MPOCTOPOBOTO PO3MOAUTY OIONIOTIYHUX BHUIB, IIO JO3BOJIIE BPAXOBYBATH B3a€EMO3B’S3KH MiX
€KOJIOTIYHUMHU Ta MPOCTOPOBUMH (pakTOpamu, MpoTe He 3abe3nedye BUSBICHHS NPUXOBAHHUX
CTPYKTYp JAaHUX.

MopentoBaHHS TPOCTOPOBO-YACOBHX MPOIIECIB MPEACTABICHO Y poOoTi [9], e 3acTocOBaHO
6araToBUMIpHY JIBOHAIIPABIIEHY ITPOCTOPOBO-YacOBY IpadoBy HEUPOHHY MEPEXKY JUIsl BiAHOBJICHHS
TPAHCIIOPTHUX TOTOKIB. Takuil miaxim 3a0e3medye BHCOKY TOYHICTh BIATBOPEHHSI CKIJIAIHUX
3aJIeKHOCTEH, OJJHAK XapaKTEePU3YEThCS 3HAUYHOIO OOYHMCIIOBAIBHOIO CKIIAJHICTIO Ta OOMEXKEHOIO
IHTEPIPETOBAHICTIO PE3YJIBTATIB, 110 € TUTIOBUM IS KJIacy TpadOBUX HEUPOHHUX MEPEK.

[Muranus iHTErpawii pi3HUX JHKEPET TeolPOCTOPOBUX NAaHUX PO3ISIHYTO y mparpax [10-11].
Y pobGori [10] y3araJibHEHO MWIAXOAW [0 BUKOpUCTaHHS crowdsourced-gaHux y 3amadax
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KapTorpagyBaHHs 3€MJICKOPUCTYBAHHS, IO IiJKPECIIOE MOTEHLIaN IHTerpauii AaHuX 3 Pi3HUX
JOKEpes1, OTHAK HEe MICTUTh (JOpMalli30BaHUX AJITOPUTMIYHHX pillieHb. Y po6oTi [11] npencraBneno
CHCTEMY Bi3yali3allii Ta peKOMEHAIiH Y TYPUCTUYHUX re0iH()OPMAIITHUX CUCTEMaX, sIKa IHTErpye
JlaH1 3 pI3HUX JPKEpeN Ta IHTEJIEKTyallbHI aITOPUTMH, TPOTE HE BUKOPUCTOBYE YHIBEpPCATbHI MIAXOIN
anreOpaiyHoi akTopH3allii, 0 0OMEXye y3aralbHEHHS OTPUMAHHUX PE3yJbTaTiB.

He3Baxaroun Ha 3Ha4YHY KUIBKICTh JOCHIKEHb, HaBEJEH] MiAX0IU MEPEBAKHO OPI€EHTOBAHI
Ha pPEKOMEHJAIlIiHI CHCTeMH, CTAaTUCTUYHI METOAM JUIsi EKOJOTIYHMX 3amad abo CKIajaHi
HelipomepeskeBi Mozeni. [Ipu 11boMy HEAOCTaTHHO TOCTIKECHIMH 3JIMIIAIOTHCS TUTAHHS IHTETparlii
MeToAiB  anredpaiunoi ¢dakropuzamii 3 reoiHGopMaiiHUMU CcHCTEMaMH IS aHANI3Y
0araToBUMIpHHUX €KOJOTIYHUX MPOCTOPOBO-YACOBUX JaHUX.

ITocTanoBka 3aBaaHHs. CydacHi reoiHpopMaLiiiHi CHCTEMH ONEPYIOTh 3HAUHUMH 00CSATaMu
TCONMPOCTOPOBUX JaHUX, IO XapaKTEPU3YIOThCS BHCOKOK PO3MIPHICTIO, TE€TEPOTEHHICTIO Ta
HasBHICTIO CKJaJHUX IPOCTOPOBO-YACOBUX 3ajekHocTel. lLle 3ymoBiIIOE HEOOXigHICTH
3aCTOCYBaHHs €(pEKTHBHUX METOJIIB X 0OpOOKM Ta aHaji3y, 30KpeMa IiJAXOMAiB, 10 0a3ylThCs Ha
CTATUCTUYHUX MOJENSX, alrOpUTMax MAalIMHHOTO HaBYaHHA Ta MeEToJax airedpaidHoi
(dhakTopu3zarii.

BopHouac icHyroui MiIXOAM CYTTEBO BIAPI3HAIOTHCS 3a pPIBHEM MaclITabOBAaHOCTI,
IHTEPIPETOBAHICTIO PE3YJIBTATIB Ta 3/IaTHICTIO BPaXOBYBATH MTPOCTOPOBO-YACOBY CTPYKTYPY JaHUX.
Mertoau anreOpaiyHoi pakTopH3alii JeMOHCTPYIOTh OTEHIAM ISt 3SMEHIIEHHS PO3MIPHOCTI IaHUX
1 BUSBJICHHS TIPUXOBAaHUX 3aJISKHOCTEH, MPOTE iX 3aCTOCYBaHHS y reoiH(OpMaIliiHUX CHUCTEMax
3aJIMIIAETHCA OOMEKEHHM 1 IEPEeBAKHO OPIEHTOBAHUM Ha OKpeMi mpukiagHi 3aaavi. CTaTUCTUYHI
METOAM 3a0e3MeUyI0Th BHUCOKY IHTEPIPETOBAHICTh, OJHAK HE 3aBXKIU €PEKTUBHI MpuU PoOOOTI 3
BEJIMKUMU OaraToBUMIpHUMHU HabopaMu AaHuX. Helipomepexesi miIxoau JO3BOJISIIOTh MOJICTIOBATH
CKJIaJH1 3aJIe)KHOCTI, aJIe XapaKTePU3yIOTHCS 3HAUHOIO OOUUCIIIOBATILHOIO CKIIATHICTIO.

VY 3B’s3Ky 3 IIUM BUHUKAE HEOOXITHICTh MPOBEJCHHS CHUCTEMHOTO MOPIBHAJIBHOTO aHAII3Y
ICHYIOUMX WiAXO0JiB 10 00poOkM Ta anredpaiuHol QaxTopu3amii reonpocTOpPOBUX HaHUX Y
reoiHGOpMaIitHUX CHCTeMaxX 3 METOI BU3HAYCHHS X 0COOJIMBOCTEH, IepeBar 1 HeAOJIKIB, a TAKOXK
OLIIHIOBAHHS 1X MPUAATHOCTI JJIs €(EeKTUBHOTO aHaNi3y 0araTOBUMIpHUX JaHUX.

Pe3yabTaTn gocaigxeHb. Y X0Ji aHaIi3y BU3HAYCHO CHCTEMY KPHUTEpIiB 10 0OpOOICHHS
TeONpPOCTOPOBUX JAHHUX y reoiHPopMaliitHux cucreMax. J[0 OCHOBHUX KPHUTEPIiB BiTHECEHO THII
JaHWUX, HASBHICTH IMPOCTOPOBOI CKJIAJOBOI, BpPaxyBaHHS YacOBUX 3aJIC)KHOCTEH, BUKOPHUCTAHHS
anreOpaiyHoi  QaxTopH3aiii, MOXIJIHUBICTH IHTerpauii 3 TeoiH(QOpPMAIiiHUMU CHCTEMaMH,
MacmTaboOBaHICTh, IHTEPIPETOBAHICTh PE3YNIBTATIB, OOUMCITIOBAIBHY CKJIQJHICTh Ta MPUIAATHICTH
JUTSL QaHAJTI3y eKOJIOTIuHMX JaHux [1-11].

OnHUM 13 KITFOUOBUX KPUTEPIiB € TUI JaHUX, OCKIJILKH Pi3HI METOM OPIEHTOBaHI Ha 0OPOOKY
pi3HUX CTpyKTYyp iH(popMarii. YacTHHA MiAXOMIB MPAIIOE 3 MPOCTOPOBUMHU JaHUMH, IHIN —
MIPOCTOPOBO-4YaCOBUMH ab0 OaraToBUMIpHUMHU Habopamu JaHuX. BaXJIMBHM acrieKTOM € 3/1aTHICTh
METOAIB e(eKTUBHO OOpOOIATH BeNuKi 00CArd iH(popMarllii, 0 € XapakTepHUM I CyYaCHHX
reoiHGOpMaIiTHUX CHCTEM.

Hactynaum KputepieM € HassBHICTb IPOCTOPOBOI CKIa10BO1. [1J1s reoiH(opMaliifHUX cUCTeM
116 BU3HAYAIbHUN YMHHUK, OCKUIBKM OUTBIIICTH 3a7ad IOB’sA3aHa 3 aHAII30M TEPHUTOPIaIbHOTO
posmoxiny sBuml. Ilpm IbOMY [OJAaTKOBO OIIHIOETBCS MOJKJIMBICTh BpaxyBaHHS YacOBUX
3JIKHOCTEH, 110 € BAKIIMBHUM JUTsI JOCIIKEHHS IMHAMIKH 3MiH €KOJIOTIYHUX Ta 1HIINX MPOCTOPOBO
PO3MOAIIEHUX MPOLIECIB.

He wmeHm BaJIMBUM KpPUTEPIEM € pIBEHb IHTErpamii BIiAMOBIIHUX MIAXOMIB 13
reoiHpopMalifHUMI CHUCTEMaMH, 110 BU3HAYAa€ MOJIMBICTh iX NPAKTHYHOTO 3aCTOCYBAaHHS B
peanbHUX 1H(POpMaIHHO-aHATITHYHNX 3a7adax. OKpeMUM KPHUTEPIEM BHCTYIA€ BUKOPHUCTaHHS
MeTOAIB anredpaiunoi akropu3sanii, ki 3a0e3Meuyl0Th 3MEHILIEHHS PO3MIPHOCT] JaHUX, BUSBIICHHS
MPUXOBAHUX CTPYKTYP Ta MiIBUIIECHHS IHTEPIIPETOBAHOCTI PE3yJIbTaTIB aHAJI3Y.
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Takox CcyTTeBe 3HAUEHHS MAlOTh TaKi XapaKTEPUCTHUKH, SK MacIITa0OBaHICTh METO/IB, IO
BiloOpakae iX 3MaTHICTh €dEeKTHBHO OOpOOJATH BENWKI 0OCATH JaHWX, Ta IHTEPIPETOBAHICTH
pe3yJbTaTiB, IKa BU3HAYAE 3PO3YMUTICTh OTPUMAHMX MOZENEH IS MOJANBLIOrO aHaji3y, a TaKoX
00YHnCITIOBAJIbHA CKJIA/IHICTh aJITOPUTMIB, IO BIIMBAE HA MOXKJIMBICTH 1X MPAKTHYHOI peaizallii y
I'IC. JlomaTkoBO BpPaxOBYEThCS MPUAATHICTH METOJIB JJs aHai3y eKOJOTIYHHMX JaHuX, SKi
XapaKTEPU3YIOTHCS BUCOKOIO PO3MIPHICTIO, ITyMOM 1 HEOAHOPITHICTIO.

BcranoBneHno, mo ans aHamizy TeONpPOCTOPOBHUX JaHUX Yy TeoiH(GOpMalifHUX cHcTeMax
3aCTOCOBYETHCS MIMPOKHN CIIEKTP METOJIB BiJl KIACHYHHX CTATUCTUYHHMX MOJENIEU /IO Cy4acHHX
ITOPUTMIB MAIIMHHOTO HABYaHHS Ta MiAXOAiB anredpaiunoi (axropuzamii. AHami3 HayKOBHX
JIOCITIJDKEHB MTOKa3aB PI3HOMaHITHICTh MIAXOIIB 0 00OpOOKH MPOCTOPOBUX, MPOCTOPOBO-UYACOBUX Ta
0araToBUMIpHUX JaHUX. Pe3ynbTaTé MOPIBHAJIBHOTO aHaNi3y MiAXOMIB 10 OOpOOKHM Ta aHami3y

reonpocTopoBux Aanux [1, 2, 10] HaBeaeHo B Tadm. 1.

Tabnuys 1

IMopiBHAJILHA XapaKTePUCTHKA MiAXOXIiB 10 00POOKH Ta aHAJI3Y
reonpocroposux aanux y I'lC

Kpurepiii Po3nonineni I'eomeTpuune AmnaJi3 crowdsourced
NOPiBHSHHA oouucaenHs [1] MoJIeJIBaHHs [2] GIS nannx [10]
. . . aHl
O0’€ekT Benmukomacirabui ['eomeTpuuHi Mozeli B A
. . . 3eMJICKOPHCTYBaHHS Ta
TOCIIKEHHS reorpadivuHi gaHi T'IC

MTOKPUTTS TEPUTOPIN

[Ipenmer anamizy

[TapanensHa 006poOka
re0JIaHuX

MareMaTHyHi OCHOBHU
MIPOCTOPOBOTO aHAITI3Y

Kpayzncopcunrosi
TeONPOCTOPOBI JaHi

Tui KoCHiUKEHHS

OO0uHCIIOBAILHI METOIU
00pOOKH TeoTaHNX

TeopeTnuHi OCHOBU
reometpii B ['IC

AHaniTHYHAN O
JOKEpE TeoJaHuX

Tun meTonis

[TapanenbHi anropuT™Mu

AHamTuyHi
MaTeMaTU4YHl METOINA

Metoau 00poOku
BEITMKHX Ta
IFCTCPOTCHHUX TaHUX

Macirrad maHux

Benuki reompoctopoBi
HaOOpH TaHUX

Teopernuni Mmozemi

Benuki rereporensi
HaOOpH TaHUX

O6pobka Teoperuune Amnaui3 ta
Bukopucranns I'IC
reONMPOCTOPOBUX JaHUX obrpyatyBanus ['1C KapTorpadyBaHHs
[IpocropoBuit
P P! Tak Tak Taxk
aHaJi3
YacoBuii aHami3 YacTkoBo Hi YacTkoBO
Benuki reorpadiuni . Kpayncopcunrosi
Tun nanux pag ['eomerpuuHi CTpyKTYpH payacopen
HaOOpH TaHUX reojani
[MigBueHss . )
. . ®dopwmanizailisg reoMerpii AHani3 cydacHUX
Mera nociKeHHs MPOIYKTHUBHOCTI
I'IC JOKEpEN re0JaHuX
00poOKH
AKTyanpHICTb Ta
. Teopernuna .
[TepeBarun Bucoka npoayKkTUBHICTh . MacmTaboBaHICTh
byHIaMEHTAIBHICTh
JTAHUX
. . ... | BiacyrHicTb excnepu- o
Henomixu CxJagHICTh peai3alii YT P HeonHopigHicTh JaHUX

MCHTAJIbHUX JaHUX

[MpunatHicTs 1is
ekosoriugux ['IC

Bucoxka

Bucoxka

Hyxe BUCOKa

MoOXIIUBICTH
(dhakTopu3zarii JaHNX

YacTKOBO

TeopeTnyHO MOKIIMBA

Bucoxka
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AHani3 miaxony A0 macmTaboBaHOT 0OpOOKH BEIMKUX T'€OMPOCTOPOBUX JaHUX HA OCHOBI
PO3MOALICHIX 00UUCITIOBAILHUX CHUCTEM 30CEPEIKEHUI Ha 3aCTOCYBaHHI MapajelIbHUX alrOPUTMIB,
o 3a0e3neuyioTh epeKTUBHY 00poOKy 3HauHUX 00cATiB iH(popMaliii. BogHouac y Mexax 1boro
MIX0My HE TMepeadayeHo BHKOPUCTAHHS METOMIB (akTopu3allii, OCKUIBKM OCHOBHA yBara
30cepe/KeHa Ha iHppacTpyKTypHUX acneKkTax oOpoOku ganux [1].

TeopernuHi miAXOaW 10 TeoMeTpuyHOTO MojentoBaHHsS naHux y [IC Oa3yroTees Ha
¢dopmarizarii npocTOpoBUX 00’ €KTIB y BUTIISAI MATEMAaTHYHUX CTPYKTYP Ta OMHCY iX TEOMETPHUHUX
BracTuBocTe. Takuii miaxig 3a0e3nedye MaTeMaTUIHUN OTMTKC MPOCTOPOBUX AaHUX 1 HOPMY€E OCHOBY
JUTSL TIO/IAJIBIIIOTO MOJISITIOBAHHS i aHATI3y B MeXax reoiHdopMaiiiHux cucteM. BogHoyac oCHOBHY
yBary 30C€peKeHO Ha TEOPETHYHOMY MPEACTAaBJICHHI 00’ €KTIB 0€3 po3pOOJICHHs alrOPUTMIYHHIX
npoueayp oOpoOku Ta MeroniB ¢akropusaiii, mo oOMexXye HOro 3acTOCyBaHHS ISl 3ajad
3MEHIICHHS PO3MIPHOCTI 1 BUSIBJICHHS IPUXOBAHUX CTPYKTYP y T€ONMPOCTOPOBUX JAaHUX [2].

[Migxig 1o aHaizy KpayICOPCHHIOBUX T€OMPOCTOPOBUX AAHUX PO3TIIANAETHCS Y KOHTEKCTI
BUKOPHUCTAaHHS 1H(OpMaIli, 10 HAAXOAUTH BiJ KOPUCTYBadiB, IJIs 3aaad KaprorpadyBaHHS
3eMJICKOPUCTYBaHHS. Takwii MIAXiM JO3BOJSE MiJBUIIUTH AaKTYaJIbHICTh 1 JeTai3allito
reonpocTopoBoi iH(opMalii 3a paxyHOK 3aJydeHHS BEJIMKOI KUIBKOCTI 30BHINIHIX JDKEped.
Bognowac misi HBOTO XapakTepHI HEOAHOPIMHICTh JAHWX, BapiaTUBHICTh SKOCTI Ta CKIAIHICTH
Y3TrO/DKCHHSI, M0 3HWXKYE HAAIMHICTh TOAANbIIOr0 aHamizy. OJHak 3a3HauYeHUW WIAXig Mae
MEPEeBAXHO OTJIAIOBUI XapakTep 1 HE MICTUTh (OPMATi30BAHUX AJITOPUTMIUHUX PillIeHb, 30KpeMa
MeToAiB anredpaiunoi pakropusaiii reonpocropoBux gaHux [10].

PesynpraTi ananmizy MeToziB anreOpaidHol Qakropusaiii reompocTopoBux aaHux [3—6]
HaBeneHo B Tadur. 2.

Tabnuys 2

ITopiBHSIIbLHA XapaKTepHUCTHKA MeTOAIB reorpadivynoi MmaTpu4Hoi paxropusanii

s pekomenaauii POl

Kpurepiii Geo-Temporal
prrep GeoMF [3] Rank-GeoFM [4] LGLMF [5] b
NOPiBHSHHA MF [6]
I'eorpacdiuna PanmxyBanpna | Jlorictuuna nokansHa | I[IpoctopoBo-
Tun moxeni MaTpuyHa reorpadiuHa reorpadiuna yacoBa MaTpUyHa
dakropuzaiis dakTopuzariis dakropuzais dakropuzais
CrinbHe MOAETIO- Orrrumizawis BpaxyBanus CminsHe MoJe-
OcHoBHa | BaHHS KOpUCTYyBaua AHKVBALLHS JIOKQJIbHUX JIIOBaHHS MPO-
ines Ta reorpaiqHux patbryBarty reorpagiqHux CTOPOBHUX 1 4aco-
. pexkomenaniii POI N .
(dhakTopiB 3JICKHOCTEH BHX (hakTOpiB
Tun BXiTHUX Bzaemonii HesBauit HesaBnuii 3Bopotauit | IlpocToposo-
JTAHUX kopuctyBau—POl | 3BOpoTHMIT 3B’ 30K 3B’ SI30K 4acoB1 B3a€MOJIii
Oyukiis | Minimi3alis moxuo- OnrumMizaris Jlorictnuna ¢yskiis | CriibHA QYHKITIS
onTUMIi3amii | KW BIAHOBJICHHS paH)XyBaHHS BTpaT BTpaT
. VYpaxyBaHHs OpieHrarisa Ha JlokansHi Iloenuanus
OcobnuBocTi PaxyBarit P . .
Mozeni reorpadigyHoi MOPSATIOK perioHanbHi MPOCTOpY Ta
OJIM3BKOCTI pexoMeHaain 3aJIeKHOCTI qacy
BpaxyBaHnHs o
N [Toxparene paxy Haii6inb1n noBue
[TepeBarn |IIpocroTa peamizamii JIOKAJbHUX
paHXyBaHHs . MOJICTFOBAHHS
0c0o0JIMBOCTEM
. . Bucoxka Bucoka
. BiacyrHictb . OOMexeHHs
Henoniku . CKJIQJIHICTh . o0JHcIoBaTbHA
4acoOBHX (PaKTOPiB . JIOKQJIbHICTIO .
ONTHUMI3AIl] CKJIQJIHICTh
[IpunarHicTh
Bucoka Bucoka Bucoka € BUCOKA
g I'lC Ayx
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I'pyna metoniB, mo 6a3yroThcs Ha anreOpaiuHiil (hakTopu3zalii, HepeBaXXHO MpPECTaBICHA
iX0/IaMH, OPIEHTOBAHUMH Ha PEKOMEHIAIliHI CHCTEMH HA OCHOBI I'€OMPOCTOPOBHX daHuX [3—6].
Bonu BiApi3HAIOTBCS CIIOCOOOM ypaxXyBaHHS MPOCTOPOBHX 1 4acOBHX (PAKTOPIB, a TaKOXK pIBHEM
CKJIQIHOCTI MOJIEITIOBAaHHS.

Meron GeoMF [3] moennye MaTpuuHy (akTopu3allio 3 reorpagiuHMM MOJCIIOBAaHHIM 1
BPaXxOBYE MPOCTOPOBY OIM3BKICTh 06’€KTiB. I0r0 OCHOBHOIO MEpeBAroi0 € IiABHIICHHS TOYHOCTI
peKoMeHJalid 3a PaxyHOK BpaxyBaHHS reorpaiqyHOro KOHTEKCTY, OJHAaK BiJCYTHICTb
MTOBHOITIHHOT'O YaCOBOTO KOMITIOHEHTa OOMEKY€E 3aCTOCYBAHHS IJIsl TUHAMIYHUX TIPOIIECIB.

[Migxing Rank-GeoFM [4] po3mmpioe 6a30By MOJIEINb 32 PaXyHOK MEXaHI3My paHKyBaHHS, 110
JI03BOJISI€ TIOKPALUTH SIKICTh BIOPSIKYBaHHSA peKkoMeHnaaulid. BogHowyac BiH XapakTepH3yeThCs
MiBUIIICHOIO CKIIQJHICTIO ONTUMI3allii Ta HE BPaXOBYE YaCOBI1 3aJIEKHOCTI.

Metoau nokanbHOI reorpadivyHol JIOTICTUYHOI MAaTPUYHOI (hakTopu3arii [5, 6] BpaxoByIOTh
JIOKaJIbHI MIPOCTOPOBI 3aJI€KHOCTI Ta 3a0e3MeuyioTh e()eKTUBHY POOOTY 3 PO3PIIKECHUMHU JTaHUMH,
110 € TUIIOBUM JIJ1s TeO1H(pOpMAIIIiTHUX cUcTeM. Y poOoTi [6] 101aTKOBO BpaxoBaHO YacOBHM (hakTop,
110 JI03BOJISIE MOJIEITIOBATH MTPOCTOPOBO-YacoBi mporecu. BogHouac ams 000X MiXo/1iB XapaKTepHi
BHCOKa OOYMCITIOBAJIbHA CKJIQJHICTh Ta OpIEHTAlllsl HA PEKOMEHJAIliiHI 3a1adi, 1o OoOMEeXye ix
3aCTOCYBaHHA B €KOJIOTIYHUX IeoiH(OpMAIIfHUX CUCTEMaX.

PesynpTati aHamizy CTaTHCTHYHMX METOIIB OOpPOOKHM T'€ONMpOCTOPOBHX gaHuX [7-8]
HaBEJEHO B Ta0I. 3.

Tabnuys 3
IlopiBHSI/IbHA XapaKTepPUCTHKA MIAX0AIB 10 AHAJI3Y NPOCTOPOBUX €KOJIOTIYHUX JAHUX
i3 Bukopucranisam I'lC Ta 6araToBUMIipHOI CTATHCTHKHA

- . Exousioriune 3a0py/1HeHHsA IIpocToposuii anami3
Kpurepiii nopiBHsIHHS . s . .
IpyHTiB [7] diopizHomaniTTs [8]
. BwmicT BaKKuX MeTaliB [TpocTopoBuit po3moais BUAIB
OO0’ €eKT DOCIIKEHHS .. y P p po3nol a
rpyntax IliBHiyHoro Kuraro NITax1B

[IpocTopoBo-ekonorivni

IIpeamer anamis PiBHI Ta [oKepesa 3a0pyaHeHHS i
pea y JUKEp pyA (hakTOpHW MOMIMPEHHS BUJIIB
Tun nanux I"'eoxiMi4Hi JaHi IPYHTIB Bioreorpadiuni nani
Kaprorpadysanus ta anamis IIpocropoBuii aHami3
Bukopucranns ['IC prorpady P p .
3a0pyTHEHHS MOIIMPEHHSI BUIIB
. bararoBumipHa craTtrucTuka, YacTkoBUi KAHOHIYHHMA
CTaTHCTUYH]I METOIU - ) o . )
(bakTopHMIi aHATI3 KOpeISIHHUN aHai3
) Kanoniuunii anais
JonaTtkoBi MmeToau Innexcu 3a0pynHEHHS . . "
BIAMOBIAHOCTENR
. ) Amnani3 po3noai AHai3 IpocTOpOBUX
[IpocTopoBuii anami3 P iy P P
KOHIICHTpAIlii 3aJIEKHOCTEN
. BusiBnenns mxepen Ta piBHIB Bu3HaueHHs €KOJIOTIYHO-
Merta mocaimKeHHs ..
3a0pyTHEHHSI MIPOCTOPOBUX B3a€EMO3B’SI3KIB
epesaru Bucoka inteprnperoBanicte | JleranbHull aHali3 mMpocTOPOBOL
P pe3yibTaTiB CTPYKTYPH
) ) ) . . OOMEXEHICTE THUITIB
Henomikn BiacyTHicTh 4acoBoi CKI1a10BO1

aHaJT130BaHMUX (HaKTOPIB

[TpunaTHICTh AJS €KOJIOTIYHUX

Bucoka Bucoka
T'IC
MoxuBicTh (akTopH3amii
YacTkoBO YacTKoBO
TAHUX
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VY poboTax eKOJOTiYHOTO CHPSMYBAHHS MEPEBAKHO 3aCTOCOBYIOThCS KJIACHYHI CTaTHCTUYHI
METOAM aHalli3y MPOCTOPOBUX JMAaHUX. 30KpeMa, y JTOCIHIDKEHHI [7] BUKOPHCTaHO OaraToOBHUMIpHI
CTaTUCTHYHI METOAM y TO€AHAHHI 3 TeoiHPOpPMALIMHUMH CHCTEMaMM [UId aHali3y pIBHIB 1
MPOCTOPOBOTO  PO3MOJLTY  3a0pyaHEHHs TIpyHTIB. Takuii migxig 3a0e3rnedye  BUCOKY
IHTepIPETOBaHICTh PE3Y/IbTATIB Ta J03BOJSIE 11eHTH(]IKYBATH Kepena 3a0pyaHEHHs, OJHAK He
BpPaxOBY€ YaCOBY JIMHAMIKY MPOIIECIB.

Y poborti [8] 3acTocoBaHO YaCTKOBU KaHOHIYHUN KOPEAIINHUA aHaTi3 A7 TOCIHIKSHHS
MIPOCTOPOBO-EKOJIOTIUHHUX B3a€EMO3B’sI3KiB y O1oreorpadiyHux 1aHux. MeToa J03BOJIsIE BpaXOBYBaTH
3aJIeKHOCTI MK EKOJIOTIYHMMHU Ta MPOCTOPOBUMH (DaKTOpaMu, MPOTE OOMEXKYETbCS 3aJaHUMU
TUTIAMH 3MIHHUX 1 He 3a0e3levye aBTOMAaTHYHOTO BUSBJICHHS NMPUXOBAHHUX CTPYKTYP Y BEITHKHUX
OaraToBUMipHUX HAabOpax JaHUX.

3araqoM pO3IJISHYTI CTAaTHCTHYHI MMAXOAH XapaKTEPU3YIOThCS JIOCTaTHRO BHCOKOIO
IHTEpIPETOBAHICTIO Ta MPUAATHICTIO Uil €KOJOTIYHUX 3a/1a4, OJHAK HE BUKOPHCTOBYIOTh METOJIU
anrebpaiuHoi (hakTopu3arlii, 1o oOMexye ix e)eKTHBHICTh TTPH 0OPOOITI CKIIATHUX OaraTOBUMIpPHUX
reONpPOCTOPOBHX JaHUX.

PesynpTaTy aHamizy iHTENEKTyaJIbHUX METOJIIB OOPOOKH TeOMpOCTOPOBUX JTAaHUX, 30KpeMa
rpadoBUX HEHPOHHHUX MEPEX Ta peKOMeHAaliiHuX anroputMis [9, 11] HaBeneHo B Tabm. 4.

Tabauys 4

IHopiBHSIIbHA XapaKTEePUCTHKA METOIB aHAJII3Y Ta 00POOKH reonpoOCTOPOBUX JAHUX HA
OCHOBI IHTeJIEKTYaJILHUX AJTOPUTMIB

Kpurepiii nopiBHsIHHS

IIpocTropoBo-4acosi rpagdosi
Heliponni Mepexi [9]

InTesIeKTYyaIBHI peKOMeH AN HI
AJITOPUTMHU 3 MYJIbTHIKEPEJIbHUMHA
nanuvu [11]

OO0’ €eKT DOCIIIKEHHS

MicbKuil TpaHCTIOPTHUN TOTIK

Typuctuuni reoindopmartiiiti 1aHi

[Ipenmer anamizy

BiHOBIEHHS MPOMYILIEHUX
3HA4YE€Hb TPAHCIIOPTHOTO MOTOKY

Bizyaumizartiist Ta pekoMeHaris
TYPUCTUYHHX 00’ €KTIB

Tun gapux

[TpocTopoBo-uacoBi gaHi
TPaHCHOPTHOT MEpexi

MynbTHmKepenbHi Teorpadivai gaHi

Bukopucranns I'IC

AHaJi3 TpaHCIIOPTHOL
1HPACTPYKTYpH

Bizyaumizatiist TYpUCTHYHHX PECYpCIB

OCHOBHHI METON

JIBoHaIpaBIeHa MPOCTOPOBO-
yacoBa rpaoBa HelipoHHA

[HTenexTyanbHi aArOpUTMHU

eKOMeH Talii
Mepexa p Aall
) Spatio-temporal graph neural Recommendation system 3
Tun mopgeni
network OaraTo/KepeIbHIMH TaHUMU
OO0J1iK IPOCTOPOBUX
P p o Tak Taxk
3aJIEKHOCTEN
O0J11K YacoBUX
. Tak YacTKoBO
3aJIE)KHOCTEN
Bukopucranus MyJILTH-
p Y YacTkoBO Taxk

JUKEPENbHUX JAHUX

Mera 10CHiIKEHHA

3anoBHEHHS TPOIYIEHUX
3HAYEHb Y TPAHCIOPTHUX JAHUX

[TobynoBa cucteMu peKoMeHaaIii
JJI TYpU3MY

Bucoka TouHicTh

IlepeBarn [HTErpaltis pi3HOPIIHUX JaHUX
P IIPOTHO3YBaHHS patAp piA A
. Bucoka oOunciroBaibpHa . .
Henonixu . O6mexeHa dopmatizallis MOJei
CKJIAHICTD

Ipuparuicts ais ['1C

Jyxe BuCcOKa

Bucoka
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Po3rnsiHyTi migxoaM 0 aHalizy TEONMPOCTOPOBHX JAHMX 13 BHUKOPUCTaHHSM METOJIIB
MAIIMHHOTO HaBYAHHS MPEJICTABIICHI MPOCTOPOBO-YAaCOBUMH I'pa)OBUMH HEHPOHHUMH MEPEKaMH,
SKi JIO3BOJISIIOTH MOJIENIOBATH CKJIAJHI B3A€EMO3B’SI3KM  MDK TMPOCTOPOBUMH Ta YaCOBHMH
KOMITOHCHTaMH JIaHUX. 30KpeMa, 3aCTOCYBaHHS JBOHAIMPABIICHOI MPOCTOPOBO-4acoBOi rpadoBoi
HEHpOHHOT Mepexi 3abe3rmeuye BHCOKY TOYHICTh BiJHOBJICHHS TPAHCIIOPTHUX IIOTOKIB Ta
BpaxyBaHHS CKJIQJHUX 3AJIKHOCTEH y NaHuX. BogHOUAC Taki MoJieNi XapaKTepu3ylOThCS 3HAYHOIO
O0YHCITIOBAJIFHOIO CKJIAJHICTIO Ta HMU3BKOIO 1HTEPIPETOBAHICTIO PE3YNbTATIiB, IO OOMEXYeE iX
MPaKTUYHE 3aCTOCYBaHHA Yy TeoiHpopMaliifHuX cucremax [9].

[Tigxoau 10 iHTErpallii reonmpPOCTOPOBUX JAHMX 13 PI3HUX JKEPET HAa OCHOBI IHTENEKTyaIbHUX
ANTOPUTMIB OPIEHTOBAHI HA MOEIHAHHS PI3HOPIAHOT 1H(GOPMAIIIT IS MiIBUILEHHS SIKOCT1 aHATI3y Ta
pexoMeHaanid. BUKOpUCTaHHS TakMX METOJIB J03BOJIAE€ OO0’ €QHYBAaTH IMPOCTOPOBI JaHi, OIHAK
CYNPOBOKYETHCA TIABUIIICHUMHA BHUMOTaMH J0 OOYHCIIOBAJILHUX PECYPCIB Ta BIJICYTHICTIO
yHIBEpCaJIbHUX MiAXOIB 10 anredpaiunoi (akropu3zarii, mo oOMexye MOKIMBOCTI y3arajJbHEHHS
pesyabTaTiB [11].

[IpoBenenuit anami3 A03BOJIIE BUAUIUTH OCHOBHI TPYHNH MIAXOZIB 0 0OOpoOKH
TEONMPOCTOPOBUX JAHKUX y reoiH(OpMAIliHHUX CUCTEMAX, a caMe:

—Meronu anreOpaiuyHoi Qaxropusanii [3—6], 1m0 TepeBaXHO 3aCTOCOBYIOTHCS Y
PEKOMEHIallIfTHIX CUCTEMaX;

— CTaTUCTUYHI METOAM aHami3y [7, 8], opieHTOBaHI Ha €KOJIOT14HI JOCIIIKEHHS;

— HEeHpoMepexeBl TPOCTOPOBO-yacoBl mMozem [9, 11], ski 3a06e3meuyroTh BUCOKY TOUYHICTD
MO/ICJIFOBAHHS CKJIAJJHUX 3AJICKHOCTEH;

— TeopeTnuHl Ta 1HpacTpykTypHi miaxoau [1, 2, 10], mo $hopmMyrOTh OCHOBY OOpOOKH
T€ONPOCTOPOBHX JIaHUX.

Bcranosneno, mo Meronu anredpaiuHoi (akropuzamii 3a0e3nedyloTh 3MEHIICHHS
PO3MIPHOCTI TaHKUX Ta BUSBJICHHS MPUXOBAHHUX 3AJIC)KHOCTEH, 8 TAKOXK XapaKTEPU3YIOTHCS BiTHOCHO
BHCOKOIO IHTEPIPETOBAHICTIO pe3ynbTaTiB. IIpoTe BOHHM, SK NpaBWIO, HE MOBHOI MIipOIO
BpPaxoOBYIOTh CKJIaJHI IPOCTOPOBO-YACOBI 3aJIEKHOCTI, IO OOMEXY€e iX 3acTOCyBaHHS IS
JUHAMIYHHUX T€ONPOCTOPOBUX MPOIIECIB.

CTaTHCTHYHI METOAM XapaKTEePU3YIOThCSI BUCOKOIO 1HTEPIPETOBAHICTIO PE3yIbTaTiB, OJTHAK
MalOTh OOMEXKEHHS MO0 MAacTabOBaHOCTI Ta POOOTH 3 BEIMKUMU Ha0OpaMH JIaHUX.
HetipomepeskeBi migxoan 3a06€3medytoTh BUCOKY TOYHICTh MOJCIIOBAHHS CKJIQJHUX 3aJICKHOCTEH,
MIPOTE XapaKTEPU3YIOThCSA 3HAUHOIO 0OYMCIIOBATBHOIO CKIIQHICTIO Ta HU3BKOIO IHTEPIIPETOBAHICTIO
OTPUMAaHHX PE3YJIbTATIB.

OcobmuBoi yBarm mOTpeOye 3acTOCYBaHHS 3a3HAUYEHUX MIAXOMIB y EKOJOTIYHHUX
reoinpopmariitnux cucremax. CTaTUCTHYHI METONU € €PEKTHBHUMHU JJIA aHai3y EKOJOTIYHUX
MOKa3HMKIB, OJHAK OOMeXeHI mpu poOoTi 3 OaraToBUMipHUMH jAaHuMH. HatomicTe Meroau
anreOpaiunoi (akTopu3alii J03BOJAIOTH (OPMYBAaTH KOMITAKTHI TMPEICTABICHHS JaHUX, IO €
BXJIUBUM JUIS 33]1a4 €KOJIOTIYHOTO MOHITOPUHTY Ta aHaJli3y CKJIQJIHUX CUCTEM.

OTxe, BCTAaHOBJCHO, MIO0 METOAW (haKTOpH3Alii 3aCTOCOBYIOTHCS JIMIIE B OKPEMHX
JOCHIJUKCHHSAX 1 TIepeBaXHO OpIEHTOBaHI pPEKOMEHMAAIIHI CHUCTeMH, TOAlI SK EKOJOTIvHI
reoiHopMaIiiitHi cucTeMu 31e01IbIIOr0 0a3yIOThCA Ha CTAaTUCTUYHUX Miaxonax. CydacHl METOAN
00pOOKH TeOMPOCTOPOBHUX JAHUX XaAPAKTEPU3YIOThCS MiABUIICHOK O00YMCIIOBATHHOI CKIIAIHICTIO,
a YHIBEpCaJlbHI MeTOJu ayireOpaiunHoi (akTopuzallii, ajanToBaHi 10 aHali3y OaraTOBHUMIipHHUX
EKOJIOTIYHUX TeOMPOCTOPOBUX JAHUX, 3AJMIIAIOTHCS HEJOCTATHBO PO3POOICHUMH.

BucnoBku. IIpoBeneHmii aHami3 TMoOKa3aB, IO PO3TJISHYTI MAXOAHM 10 OOpOOKH
reONpPOCTOPOBHX JAHUX Y T€OIH(POPMALIHHUX CUCTEMAaX OXOIUTIOIOTh IIUPOKUI CIIEKTP METO/IB BiJ
CTaTUCTHYHUX Ta 1H(PPACTPYKTYpHUX 1O IHTENEKTyaJbHHX MOJENIeHl MAaIIMHHOTO HaBYaHHI.
BcranoBieno, mo weronu anredpaiuHol (akropusaiii 3aCTOCOBYIOTBCS JIMIIE B OKPEMHUX
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JOCIIKEHHHSX 1 IepeBaYKHO OPIEHTOBAHI HA 3aJaui peKOMEHIAlliHIX CUCTEM, TOAIL SIK €KOJIOT14H1
reoiHopMaIliitHi CUCTEMH 31€01TBIIIOT0 0a3yIOTHCS HAa CTATUCTUYHUX ITIIXO/1aX.

Bonxnouac OLmbmIicT  METOMIB
CKJIQJIHICTIO a00 HEIOCTaTHhOIO I1HTEPIPETOBAHICTIO

XapaKTepU3y€eThCs

MiJBUIICHOI0  O0YHCIIOBATLHOIO
pe3ynbTaTiB, MO OOMEXYeE iX MpaKTHYHE

BUKOpUCTaHHA. BcTaHOBIIEHO, 1110 YHIBEpCaIbHI MiX01 anredpaidHoi (hakropu3zariii, azanToBaHi 10
aHai3y 6araToBUMiIpHUX ITPOCTOPOBO-YACOBUX €KOJIOTTYHHX JaHUX.

OTtpumani pe3yabTaTd MiATBEPIKYIOTh JOLUIBHICTh MOAAIBIINX TOCIIIKEHb, CIPIMOBAHUX
Ha PO3pOOKY KOMOIHOBAaHHMX METOMIB OOpOOKHM Ta (hakTopu3allii TeoNMpPOCTOPOBUX [AaHUX, IO

MOEHYBAaTUMYTh T€peBaru anre0paivyHux,

CTATHCTUYHUX Ta IHTEICKTyaJbHUX MIAXOMIB 1

3a0e3mevyBaTuMyTh €PEKTUBHUHN aHaATI3 y reoiH(OopMaIliiHUX CUCTEMAX.
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Kyiv National University of Technologies and Design, Ukraine
A STUDY OF APPROACHES TO DATA PROCESSING AND FACTORIZATION
IN GEOINFORMATION SYSTEMS

Purpose. To conduct a comparative analysis of existing approaches to geospatial data processing in
geographic information systems and to determine the potential for applying algebraic factorization to the
analysis of multidimensional environmental data.

Methodology. A systematization and comparative analysis of approaches to geospatial data
processing was performed, specifically including methods of distributed computing, geometric modeling,
matrix factorization, multidimensional statistical analysis, spatio-temporal graph neural networks, and
approaches to integrating data from various sources. The evaluation was based on the following criteria: data
type, presence of a spatial component, consideration of temporal dependencies, application of algebraic
factorization, integration with GIS, scalability, interpretability of results, computational complexity, and
suitability for environmental tasks. Four groups of approaches were considered: infrastructural and
theoretical methods, algebraic factorization methods, statistical methods, and intelligent algorithms, which
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allowed for an assessment of their effectiveness in processing spatial, spatiotemporal, and multidimensional
geospatial data.

Findings. It has been established that neural network models effectively account for complex
spatiotemporal dependencies but are characterized by high computational complexity and low interpretability.
It is shown that existing approaches do not provide a universal combination of methods of algebraic
factorization, spatiotemporal modeling, and the specifics of environmental geospatial data.

Originality. Modern approaches to geospatial data processing have been systematized from the
perspective of applying algebraic factorization, and unresolved aspects of its integration into environmental
geoinformation systems have been identified. The feasibility of developing factorization methods for
multidimensional data that account for spatiotemporal dependencies has been substantiated.

Practical value. The results can be used to create new methods of algebraic factorization in
environmental geoinformation systems, in particular for environmental monitoring, decision support, and the
analysis of multidimensional geospatial data.

Keywords: algebraic data factorization; geographic information systems; spatiotemporal data; system
analysis; matrix factorization; comparative analysis.
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METOAHN 3ABE3IIEYEHHS BE3IIEKHM TA OBPOBKH
IHEPCOHAJIIBOBAHUX  JAHHUX Y CUCTEMAX
AJAIITUBHOI TEHEPAIIII KOHTEHTY

Mema. Memow cmammi € po3pobnienHs KOMHIIEKCHO20 nioxody 00 3abe3neueHHs Oesneku ma
KOpeKmuoi  00poOKU  NEPCOHANIZ08AHUX OAHUX Y CUCMeMax aoanmueHoi 2eHepayii KOHMeHmY.
3anpononosanuii nioxio d6azyemuvca Ha Gopmanizayii npocmopy NepcoHani308aHUX OAHUX KOPUCH)Y8aUis,
3ACMOCYBaHHI Memooie aHOHIMI3ayii ma nce8OOHIMI3ayii, BUKOPUCMAHHI MeXaHizmie Oughepenyitinoi
npusamuocmi (Differential Privacy), ¢gedepamusnoco nasuauns (Federated Learning) ma inmeepayii
CYUACHUX KPUNMOSPADIUHUX | apXimeKmypHUX 3aco0i8 3aXUcmy.

Memoouxa. Jlocniodcenns cnupacmovcs Ha CUCMEMHULL AHANE3 apXimeKkmyp a0anmueHux cucmem i
0a2amoguMipHO20 NPOCMOPY O3HAK KOPUCMYBAYLKUX OaHUX. {15 OYIHKU PUSUKY OeaHOHIMI3ayii 3acmoco8aHo
Mamemamuuni Mooeni ougepenyitinoi npueamuocmi, a 018 3aXUCmy PO3NOOLIeHUX OAHUX — NPOMOKOIU
Gedepamusroco Haguanms 3 bezneynolo azpeeayicio epadicumie. Ilpoeedeno nopieHANbHULL AHANI3 CYYACHUX
Memodis 3axucmy nepcoHAIbHUX OAHUX, MOOETIOBAHHS 3a2PO3 Md PO3POOIEHO bazamopieHesy apXimeKmypHy
MoOensb besnexu, wo epaxosye npunyunu Zero Trust, koumponv oocmyny 3a poaamu (RBAC), wugppyeanns
ma ayoum nooii.

Pesynomamu. 3anpononosano opmanizoeany mooenb npocmopy NepCcoHAni308anux OaHux, sKd
0o36ons€  Knacugikysamu pieni uwymaugocmi IiHgopmayii, eusHauamu OOnyCmMuMi nepemeopeHHs ma
inmezpysamu ix i3 memooamu anonimizayii. /[oeedeno eghexmusnicmov e-ougepenyitinoi npueamunocmi 0s
KOHMPOJIO PU3UKy OeanoHimizayii npu Haguanui mooenei. Pospobreno yzaeanvheny cxemy noOe€OHaHHs
Gedepamusrnozo HaguaHHs mMa KpUnRMopagiuHux npomoxonie Oesneunoi azpezayii, wo 3abesnevye
KOH@IOeHYIliHICMb KOPUCMYBAYbKUX Oanux 6e3 empamu mounocmi mooeneu. Cmeopeno 6azamopienesgy
apxXimexmypuy cucmemy 3aXucmy, KA 6KIOYAEC WUDPYSanHs OaHux, KOHMpPOab 00Cmyny, ayoum i
MOHImopune, 3abe3neyyouu O6ananc Mixc 0Oe3neKor, Macumabosanicmio ma egexmusHicmio ceHepayii
KOHMEHmY.

Hayxkoea noseusna. llonseac y KOMNIEKCHOMY NOEOHAHHI (OPMATbHOI MOOeni NepcoHani308aHUX
Oanux 3 Mexamizmamu Oughepenyitinoi npusamuocmi ma eoepamusHo20 HAGYAHHA 6 MedCax €OUHOlL
apximekmypHoi  KoHyenyii Oe3neku, w0 0036015€ OOHOYACHO 3abe3neuumu  KOHQIOeHYIlHICMY,
Macwmabosanicms ma epekmusHicms 06pOOKU OGHUX Y CUCTIEMAX A0AnMUBHOL 2eHepayii KOHmeHmy.

Ilpaxmuuna 3nauumicms. Pezyromamu modxcyms Oymu 3acmoco8ani npu po3poOieHHI OCEIMHIX
niam@opm, 12pogux cucmem, peKOMEeHOAUIUHUX Cepeici@ ma I[HWUX [HMEeNeKMYAIbHUX CUcmem, uo
npayoioms i3 RePCOHANI308aHUMU NPOPIIAMU KOPUCIYBAYIE, NOMPebYIomb 8UCOK020 DieHs De3neKku OaHux
ma 6i0NOGIOHOCMI CYYACHUM CMAHOAPMAM 3aXucmy iHpopmayii.

Knrouoei cnoea: adanmuena cenepayis KOHMEHMY, NePCOHANIZ08aHI OaHi, Oughepenyitina
npueammuicmy, hedepamusne HABUAHHA, WUPDPYBAHHS, APXimeKmypa be3nexu.

Beryn. CrpiMKuii pO3BUTOK CHCTEM aJaNnTUBHOI TeHepalii KOHTEHTY 3yMOBIICHUM
BIPOBAKEHHSM METOJIIB INTYYHOTO IHTEJEKTY y MU(GPOBI OCBITHI CEpPeIOBHINA, ITPOBI TUIaTGopmu,
peKOMEeHAaLiiHI CcepBiCHM Ta MAacoBl OHJIAMH-CUCTEMHU. AJNTOPUTMIYHI MEXaHi3MU MPOLEAYPHOI
reHeparlii 103BOJISIOTh CTBOPIOBATH KOHTEHT y JUHAMIYHOMY PEKHMMI Ha OCHOBI 3aJjaHUX MPaBUII 1
napametpiB cepenoBuina [1]. Iloganbie migBUIIEHHS €(EKTUBHOCTI TAKMX CHCTEM JIOCSTAEThCS
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[UIIXOM 1HTETpallii anropuTMiB MAITMHHOTO HABYAHHS, 110 3a0€3MeUyI0Th aanTaIliio CKIAIHOCTI Ta
CTPYKTYPH KOHTEHTY BiJIOBITHO /10 IHAMBITYAIbHUX XapaKTEPUCTHK KOPUCTyBayda [2].

MacmtaOyBaHHS aJallTUBHUX MEXaHI3MiB y 0araTOKOpPUCTYBALbKUX CEPEAOBHUINAX OTpeOye
MOOYOBU PO3MOJIIJIEHUX apXITEKTYp, 3JaTHUX OOpOOJATH BEIUKI OOCITH JaHUX Y PEKUMI
peanbHOro 4acy [3]. MozenioBaHHS MOBEAIHKM KOPUCTYBaua 3a JIOTIOMOTOI0 HEHpoMepekeBUX
areHTiB [4] no3Bomsie (GopmyBaTH TEpPCOHATI30BaHI CIEHapii B3aemojii, MpoTe mepemdavae
HAKOMUYCHHS JETaIbHUX TMOBEAIHKOBUX NpodimiB. TakuM YWHOM, €(PEKTHUBHICTH aJanmTHBHOI
reHeparii 6e31mocepeIHbO 3aJICKUTh BiJl TNIMOWHU aHaJIi3y IEPCOHAII30BAaHUX JTaHUX.

dopmMmyBaHHS TIEpCOHANI30BaHOrO MPodito nepeadayae 36ip MHOKUHH MapaMeTpiB: iCTOPii
T, 4aCOBUX XapaKTEPUCTUK aKTUBHOCTI, IHUKATOPIB CKJIATHOCTI, peaKilii Ha MOoTepeTHIi KOHTEHT,
TEeXHIYHUX MeTaJaHuX NpucTporo. CyKymHICTh IHMX O3HAK CTBOPIOE BHCOKOBHUMIPHHI MPOCTIp
MEPCOHANNI30BAHUX JAaHUX, SKUW TMOTEHIIHHO MICTUTh 4YyTJIMBY iHGopmarito. JlocmimkeHHs 3
iHpopMaiiiHoi Oe3rekn BKa3yloTh, 1110 HaBiTh arperoBaHi abo 4acTKOBO 3HEOCOOJICHI 1aHI MOXKYTh
OyTH BUKOPHCTaHI JUIsi TIOBTOPHOI ieHTU(IKAIlli KOpUCTyBada 32 HASBHOCTI 30BHIIIHIX JDKEpE
iHpopmaii [5].

OnmuumM 13 popManizoBaHUX MIIXOIB IO MiHIMI3AIl pU3UKY JI€aHOHIMI3alli € AudepeHItiina
MIPUBATHICTh, IO 3a0e3Meuye MaTeMaTHYHy rapaHTil0 OOMEXEHHs BIUIUBY OKPEMOTro 3alucy Ha
pe3yabTaT 00poOku qaHux [6]. [logansImi 1oCiiKEHHS TOKa3yI0Th, III0 TPAKTUYHE 3aCTOCYBAHHS &-
mudepeHniiHoi TpUBaTHOCTI MOTpeOye ONTHMAIbHOrO BHOOPY MapaMerpa MPUBAaTHOCTI 3
ypaxyBaHHIM KOMIIPOMICY MK TOYHICTIO MOJieJi Ta piBHeM 3axucty [7]. OcobanBO akTyalnbHO 11€
IUIsL CHCTEM aJalTUBHOI reHepaltii, e HaAMIpHUH [IyM MO>K€ 3HU3UTH SIKICTh ITepCOHai3allii.

[HIIMM MepCHEeKTUBHUM HAmNpsMOM € (enepaTUBHE HAaBYaHHS, IO J03BOJISE 3/1HCHIOBATH
TpEeHyBaHHS MoJIeJiel 0e3 IEHTPaIi30BaHOTO 30epiranHs CUpHUX TaHuX KopucTyBadiB [8]. [IpakTuuna
peamizamiss  penepaTUBHMX MIOXOAIB y MAacCHITA0HMX CHUCTEMax IMPOAEMOHCTpYBala IXHIO
e(eKTUBHICTh y 3MEHIIICHHI PU3UKY BUTOKY iH(popMarii [9]. JlomaTkoBe BUKOPUCTAHHS MPOTOKOJIIB
Oe3meyHoi arperauii mapameTpiB MojeNel MiABUIIYE pPIBEHb 3aXHMCTy BiJl BHYTPIIIHIX aTak 1
HECaHKITIOHOBaHOTO aocTymy [10].

[TapanenbHO pO3BUBAIOTHCS ApXITEKTYPHI KOHIENLIi 3a0e3neueHHs Oe3Mneku, 30KkpeMa Zero
Trust, mo mepembayae MOCTIHY MEPEBIPKY aBTEHTUYHOCTI CYO’€KTIB JOCTYMYy HE3aJEKHO BiJ
ixHpOrO po3ramryBanHs B Mepexi [11]. JlocnikeHHs 6araTopiBHEBUX MOJENEH KOHTPOIIIO JOCTYITY
Ta mmdpyBaHHS [aHUX HA PI3HUX €Tamax >KUTTEBOTO IUKIY 1H(GOpMAIi MATBEPIKYIOTh
HEOOXITHICTh KOMIUIEKCHOTO MigXoay 10 3axucTy [12]. BaxIuBUM KOMIIOHEHTOM Cy4YacHHX
apXITEKTyp € BUKOPUCTAHHS KpUNTOorpadiyHUX MPOTOKOIB JJI 3aXHIIECHOI Iepeaadi Ta 30epiranHs
nanux [13].

OkpeMy yBary MNpUIIJICHO NPOOJEeMi OIIHIOBAaHHS PH3WKIB MPUBATHOCTI B CHCTEMax
IITYYHOTO 1HTENEeKTy. Y poborax [14] migkpeciroeTbess He0OXiIHICTH (hopMaltizallii MpocTopy TaHUX
Ta BU3HAYCHHS PIBHIB UYTJIMBOCTI MapameTpiB mpodigto. AHami3 CydyacHUX MiAXOMIB 10 privacy-
preserving machine learning [15] neMoHcTpye, 110 130JIbOBaHE 3aCTOCYBAHHS OKPEMUX MEXaHI3MIB

He3Baxaroun Ha akTUBHUH PO3BUTOK JOCHIJKEHb Y Taly3i aJlaiTUBHOI reHepallii KOHTEHTY
Ta Cy4YacCHMX METOJIB 3aXHCTy JaHUX, BIJCYTHIH KOMIUIEKCHMM MiAXiJ, SKHH OW TMO€THYBaB
¢dopmanizamio MEepCOHATI30BAHOTO MPOCTOPY MAAHMX, MAaTeMaTHYHI TapaHTii NpPUBAaTHOCTI Ta
apXITEKTypHI MEXaH13MH 0€3TEeKU B €IMHIN MOJIe1 MoOyI0BU aJaNTUBHUX CUCTEM. bimblricTs podiT
PO3IIISIIaE aNrOpPUTMIYHI aCHEKTH NepcoHamizamii okpemMo BijJ 3afad iHpopMamiiHoil 6e3meku abo
(dhoKkycyeThCs Ha 3araIbHUX MIAXO0AaX J0 privacy-preserving MalmmHHOTO HaBYaHHs 0e3 ypaxyBaHHS
cnenudiku reHepaTUBHUX aJallTHBHUX CEPETOBUIIL.

OTxe, aKTyalbHOIO HAyKOBOIO 337a4€i0 € PO3POOJICHHS ITUTICHOI Momeni 3abe3nedeHHs
0e3MeKkH MepcoHai30BaHUX JaHUX Yy CHCTEMax aJalTHBHOI I'eHepalii KOHTEHTY, 10 BPaXxOBYE SIK
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MaTeMaTH4HI, TaK 1 apXITEKTYpHi acleKkTH 3axucTy. Came BUPILICHHIO 1€l MPOOIEeMH MPUCBIYCHE
JaHe TOCIHIKEHHS.

ITocranoBka 3aBaaHHA. METOIO CTAaTTI € HOCIIDKEHHS Ta CHCTEMATH3allisl METOJIB
3a0e3nedyeHHs1 Oe3mekn Ta 0OpOOKH TEPCOHATI30BaHUX JAaHUX Yy CHCTeMax aJalTHBHOI reHeparii
KOHTEHTY, 30KpeMa B KOHTEKCTI Cy4aCHUX TEXHOJIOTi MAIlMHHOTO HaBYaHHS Ta PO3MOIIIEHUX
apxitektyp. OCHOBHA 3a/1aua MOJIATAE Y BU3HAYEHHI €(PEKTUBHUX ITIIXOIIB J10:

1. ®dopmanizanii mpocTopy NEPCOHATIZ0BAHUX JAHUX — CTBOPEHHS YHI(IKOBaHOI CTPYKTYpH
JuTst 30epiraHHs Ta 00pOOKH TaHUX KOPUCTYBAYiB, IO JO3BOJISIE TIOIAJIBIIE 3aCTOCYBaHHS aJITOPUTMIB
MalIMHHOTO HABYaHHSI Ta aHOHIMi3aIlii 6e3 BTpaTH KOHTEKCTHOI iH(pOopMaIlii.

2. BnpoBamxkeHnHss aHOHIMI3alii Ta TCEBIOHIMI3AIil — PO3poOKa METOIIB NMPUXOBYBAHHS
imeHTudiKaitHIX 03HaK KOPUCTYBAYiB, 110 3HWXKYIOTh PU3MK pe-ineHTH(]ikalii Ta 3a0e3neuyoTh
3aXUCT KOHPIACHIIIHHUX TaHUX.

3. 3actocyBannsa audepenuiioBanoi npuatHocti (Differential Privacy) — 3a0e3neuenns
MaTeMaTHYHO OOIPYHTOBAHOT'O MEXaHI3My 3aXUCTY JTaHUX ITiJ1 4aC HAaBYaHHS MOJIEJICH, 110 JO3BOJISIE
YHUKATH BUTOKY iH(opMaIlii Ipo OKpeMUX KOPUCTYBaYiB.

4. Iarerpariii metoni peneparusHoro HaByanus (Federated Learning) — naBuanus mojenei
Ha PO3MOAUICHUX MPUCTPOSAX KOPUCTYBaUiB O€3 LIeHTpasi3allil IepcoHaTIbHUX IaHHUX, 3a0e3Meuyroun
OJTHOYACHO KOH(IJIEHIIHHICTD 1 €PEKTUBHICTh TeHEpaIlii KOHTCHTY.

5. BrpoBa/KeHHs apXITEKTypHHX MEXaHi3MiB 0araTOpiBHEBOTO 3aXHUCTy — BHKOPHCTAHHS
kpunrrorpadii, Zero Trust migxoniB, RBAC Ta cuctreM MOHITOPUHTY )i TapaHTYBaHHSI IIJTICHOCTI,
KOH(1ACHIIIHOCTI Ta JOCTYMHOCTI JaHUX Y IWHAMIYHUX 1 0araTOKOPUCTYBAI[bKUX CUCTEMAX.

Jlana cTarTs Ma€e Ha METi JIKBIAYBaTH ICHYIOU1 «O111 IISIMUY» Y IPAKTUYHOMY 3aCTOCYBaHHI
X TEXHOJIOT1M, BKJIIOYAIOYM THUTAHHS MacIITaboBaHOCTI, €()EKTUBHOCTI Ta KOHQIIEHIIHHOCTI
00poOKHM TaHMX KOPHCTYBauiB y CHUCTEMax aJalTHBHOI reHepariii koHTeHty. Kpim Toro, po6ora
CIpsIMOBaHA Ha CHCTEMHE TOPIBHSIHHS METOJIB, IO JIO3BOJISE€ BU3HAYUTH ONMTHMAIbHI KOMOIHAI{
TeXHIK Oe3MeKku I KOHKPETHHX apXITeKTypHUX CIEHapiiB Ta HaJaTH HAyKOBO OOIPYHTOBaHI
pEeKOMEeHIalii 1711 PO3pOOHUKIB Ta TOCTIIHUKIB Y 111K cdepi.

PesyabTtaTn pocaimkenHsa. s ¢dopmanmizamii  mpocTopy INepcoHaNi30BaHMX —JaHHUX
KOPUCTYBa4iB OyJIO 3allpONOHOBAHO iX TPEICTABICHHS SK CTPYKTYPOBAHHX BEKTOPIB O3HAK, JI€
KOXKEH 00’ €KT U; XapaKTEePU3YEThCS HAOOPOM MapaMeTpiB:

u; = {x, x5, 0, xp}, i =1,2,...,m,
J€ Xj — OKpeMuH arpuOyT KOpHMCTyBa4a, Hampukiuazn, aemorpadiuna indopmanis (x; —
BiK, X, — CTaTh, X3 — JIOKallis), iCTOpist B3aEMO/Iii 3 KOHTEHTOM (X, — KiJIbKICTb NeperjsziiB, X —
yac nepe6GyBaHHSA Ha CTOPiHIli), TOBEAIHKOBI TapameTpu (X — WBUAKICTb B3aEMOJII, X7 —
YacToTa KJIKiB).

Jns  OigbIl KOMIUIEKCHOTO BiIOOpa)KEHHS B3a€MO3B’S3KIB MIDK KOPHUCTYBauaMHu Ta
eIleMEHTaMHU KOHTEHTY BUKOPHCTOBYBaJacs rpad)oBa MOIETb:

G =(V,E),
Jie MHOKMHA BY31iB V' BKJIIOUa€ KOPUCTYBAYiB 1 KOHTEHT-00’ €KTH:
V = {uy, uy, ..., un }U{cy, ¢o, -, Ci),s

IIe U; — BY30J1, III0 BiJIMOBia€ KOPUCTYBay i, Cj — BY30J, 10 BiJIMIOBiTa€ KOHTEHT-00 EKTY J;
m — 3arajibHa KiJIbKiCTh KOPUCTYBaviB; k — KiJIbKICTh KOHTEHT-00’ €KTIB.

Muoxwuna pedep rpady E € V X V BimoOpaxae B3aeMoif0 a00 CXOXICTh MIXK BY3JIaMH,
HanpuKiIaa: pedpo (ul-, cj) O3HaYae, O KOPUCTYBaY U; B3aEMOJISB 3 KOHTEHTOM Cj; peOpo (ui,uj)
MOJKE TI03HAYaTH CX0XKICTh MIXK KOPUCTYBAa4aMH 32 ITOBEIIHKOIO; peOpo (ci, Cj) BiZJ0Opaxae CX0XKiCTh
a00 TeMaTu4yHy OJU3bKICTh KOHTEHT-00’ €KTIB.
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Koxne pebpo MokHa opmaizyBaTu sIK BaroBe:
€pq = Wpq» Wpq € [0,1],
e Wpg — KoedilieHT B3aeMoii abo cxoxocti. Hanpuknan:

KUIBKICTb B3aEMOJAIN U; 3 Cj

Wy c. = - - - o
UpCj MaKCUMMabHa KiJIbKiCTh B3aEMOJIH y cCUCTeMi

Koxen By30m1 rpady u; abo ¢; MOKXHA ONKMCATH HE JIMILIE IIEHTH(PIKATOPOM, a i BEKTOPOM
O3HaK:

¢(ui) = {x1;x2i ""xn}' d)(cj) = {yliyZ' ---;}’1},

1€ Y; — XapaKTepUCTUKU KOHTCHTY, HAPUKJIIA/ KaTEropisi, peUTHHT, TpUBATICTh. Lle mo3Bosse
00’eqHaTH TpadoBi Ta BEKTOPHI MPEACTABICHHS JAaHUX JJII BUKOPUCTAHHS TIMOOKUX HEUPOHHUX
Mepesk Ha rpadax (Graph Neural Networks) Ta kmacuuaux Mozeneit MallMHHOTO HABYAHHS.

Anonimizayia ma nceedonimizauis. AHOHIMI3AIA Ta IICEBAOHIMI3AIlsA € KIIOUYOBUMU
METOJIaMHU 3aXUCTy MEPCOHANI30BAHUX JAHHUX y CHUCTEMax aJalTHBHOI reHepallii KOHTeHTy. BoHu
JO3BOJISIIOTh  MIHIMI3YyBaTH PH3UK pe-imeHTu(ikamii KOpuCTyBadiB, OJHOYACHO 30epirarodu
PEJIeBaHTHICTh TAaHUX JIJISl HABYAHHS MOJIEJIe MAIIMHHOTO HaBYaHHS. BUKOPHUCTOBYBAMChH HACTYIIHI
MeToau: k-aHoHIMHICTH Ta [-diversity.

k-anoHiMHICTh 3a0e3medye, 10 KOXHHH 3amuc y HaAOOpl MaHMX HE BIAPIZHAETHCA BIJ
moHaiiMente k — 1 iHmux 3a BuOpanumu atpudyramu (quasi-identifiers). @opmansHo, 11t HAOOPY
nagux D:

Vy,€ D,3 5 € D Take, mpo S| = kivuje S,u;[QI1 = u;[Q1],

ne QI — nabip arpuOyTiB, 32 IKUMU BUKOHYETHCSI aHOHIMI3aIlisl.
[-diversity momoBHIO€ k-aHOHIMHICTH, TapaHTYIOUH, IO B KOXKHOMY KiacTepi k-3ammuciB
NPUCYTHI IOHaWMeHIIe [ pi3HUX 3HAYeHb YyTIUBUX aTpPUOYTIB S

V kaacrep Cy, [{u;[S]:u; € C} = L

L5 cTparerist 103BOJIsIE TOJATKOBO 3HU3UTH PU3HK 1H(PEPEHIIHHUX aTaK HAa UyTIUBI JaHi.

Jnst mepeBipku epeKTUBHOCTI MeTOoAy Oyi10 Bukopuctano Haoip ganux 1000 kopucTyBadiB i3
nemorpadiuHoro 1H(OPMAITIEIO Ta ICTOPIEI0 B3aEMO/IIT 3 KOHTEHTOM. BeTanoBneHo napamerpu: k =
5,1 = 3. Pusuk pe-inenTudikaii BUMipioBaBcs SIK 4acTKa YCHIIIHUX CHPOO BiJHOBUTH CHpPaBXKHI
inenTudikaTopu kopuctysadi. Pe3ynbraTi HaBeaeHo y Tabnui 1.

Tabnuys 1
EdexTuBHICTH MeTOAY aHOHIMI3aNLil 1110710 3HHKEHHSI PU3HKY pe-ifeHTHdiKanii KopucTyBayiB
Metona KinbkicTh yenmimHux cnpoo Pusuk (R), %
be3 06poOku 230 23
k-anonimuicts Ta [-diversity 170 17

Ortxe, 3actocyBanHs K-anoHiMHOCTI Ta |-diversity 3HauHO 3HIKY€E IMOBIPHICTB YCITILITHOT pe-
imeHTudikaIlii KOpucTyBadiB.

[lceBnonimizallisi A03BOJIAE 3aMIHUTH 1AEHTH(IKATOPU KOPHCTYBAayiB Ha IICEBIOHIMH,
30epirarouu MOKJIMBICTD BIJICTEKYBATH CECII0 UM MOBEIIHKY, 0€3 PO3KPUTTS MEPCOHAIBHUX JTaHHX.
®opMaibHO:

p; = Hash(id,||s),

ne id; — opuriHaabHUHN 11eHTU(IKATOp KOPUCTYBAYa; S — CEKPETHHUH KITIOY; P; — TICEBIOHIM.
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Jlist migBUIeHHS O€3MEKU JIaHi MICHs ICEBAOHIMI3AIIT JOIaTKOBO MIM(PPYBAINCH JTOKAILHO
3a momomororo anroputmy AES-256 mepen mepenmauero Ha cepBep. PiBeHb BUTOKY iH(pOpMaIrii
OIIIHIOBABCS SIK:

KIZBKiCTB yCHiIIHUX BiZJHOBJIEHB iAeHTUiKaTOpa

L= - 100%.

3araJibHa KiJIbKiCTb KOPUCTyBaYiB

Pe3ynpTaT eKCepuMEHTAIbHOI OIIHKM €(EeKTUBHOCTI TCEBIOHIMIZAIlli Ta JIOKAJILHOTO
mudpyBaHHsS HaBeJACHO y TaOiuIi 2, A€ MOKa3aHO KUIBKICTh YCHIIIHUX CIPOO BiTHOBJICHHS
imeHTudikaTopiB KOPUCTYBAUiB Ta BiIMOBIIHUI piBEHb BUTOKY iH(popMartii L.

Tabnauys 2
OuiHka piBHSI BUTOKY NE€PCOHAJIBHUX JAHUX NP BUKOPUCTAHHI
NCeBJAOHIMI3alil TA TOKAJIBbHOI0 IH(PYBAHHS
Metona KinbkicTh yenimsux cnpoo PiBenb BuTOKY (L), %
be3 06poOku 230 23
IceBnonimizaris Ta AES 32 16

Sx BUAHO 3 TaOnwIi 2, MOEJHAHHS TCEBIOHIMI3AIll Ta JIOKATBbHOTO MH(pPYyBaHHS 3HAYHO
3HIKYE PIBEHb BUTOKY EPCOHAIBHUX JAHUX KOPUCTYBAUiB.

3acmocysannsn ougpepenuyiunoi npuseamnocmi (Differential Privacy). Judepenuiiina
npuBatHicTh (DP) € MaTeMaTHYHO OOTPYHTOBAaHMM MEXaHI3MOM 3aXHUCTY MEPCOHANBHUX JaHUX i
Jac HaBYaHHS Mojelieil MalmuHHOro HapuaHHs. OcHoBHA ines DP nonsirae y ToMy, 1mo6 1o1aBaHHs
abo BUAAJIEHHS OJHOIO KOpUCTyBaya 3 HaOOpy JlaHUX HE 3MIHIOBAJIO 3HAYYIUM YHHOM PE3yJIbTaT
moaeni. DopmansHo DP BU3HaUaeThCs Tak:

Pr[M(D) € S] < e€- Pr[M(D’) € S] + 6,

ne M — anroput™m HaBuaHHs Mozeni; D i D' — aBa Habopu AaHUX, IO BiAPI3HAIOTHCS JaHUMU
OJHOTO KOpHCTyBaya; S — MHOXHHA MOXIMBUX BHUXOHIB allTOPUTMY; € — TapaMerp
KoHixeHiitHOCTI (privacy budget); § — nonycTrMa HMOBIPHICTb MOPYIICHHS TPUBATHOCTI.

Hns peanizanii DP y Hamomy nociikeHHI 3acTOCOBYBaBcs MexaHi3M (Gaussian noise
injection y TpaJi€eHTH i 9Yac HaBYaHH HEUPOHHUX MEPEXK, [0 TEHEPYIOTh aaNTUBHUNA KOHTCHT:

gi =4 + N(O'O—Z)l

2 — Bu3HaYae MacITad BUIAIKOBOTO ITyMy

1€ g; — TOKAILHUHM TPaIi€HT IJI1 KOPUCTYyBava i; o
nist 3a6e3neuennst (e, %) — DP.

ExciepuMeHTH TpPOBOAWIMCH, HA CHMYJIBOBAaHOMY Ha0Opli JaHWX KOPHUCTYBadiB
(1000 kopucryBauiB, 50 aTpuOyTiB KOXEH, BKIIOYHO 3 JeMOTpadiYHUMHU Ta TOBEAiHKOBHMHU
napamerpamu). Jlist omiHku BBy DP Ha TouHICTH TeHeparii KOHTEHTY Ta pIBEHb BUTOKY
iH(popMallii BUKOPUCTOBYBAIUCS HACTYITHI METPHUKH:

- Accuracy (TOYHICTB) reHeparlii aJanTHBHOTO KOHTEHTY;

- Privacy loss (€) — paxTrune mopymieHHs KOH(IASHIIIHHOCTI;

- Re-identification risk — iMmoBipHiCTh BiIHOBIICHHS TEPCOHATBHUX JTaHUX.

Mogeni HaBUaIKCs y TPbOX BapiaHTax:

- be3 DP (koHTpOsBHMIT BapiaHT);

-DP3e=1.0;

- DP 3 € = 0.5 (cuuibHiImmMiA piBeHb IPUBATHOCTI).

Pe3ynpTaTi ekciepuMeHTy HaBEIEHO y TaOmuIli 3.

Sx BugHO 3 Tabnuii 3, 3acrocyBanHs DP 103Bosisie 3HAYHO 3HU3UTH PU3HK pe-iaeHTudikarii
(3 22% o 5-8%), BoHOYAC JIHMIIE HE3HAYHO 3MEHIIYIOYM TOYHICTh TeHepallii KoHTeHTY (Ha 2—3%).

3 pucynky 1 6aummo, 110 BBeAeHHs myMy 3a DP 3HauHO 3HMXKY€E pU3UK pe-ineHTudikaii,
IPU [IbOMY TOYHICTb aJaNITUBHOI T'eHepallii KOHTEHTY MPAKTUYHO HE 3MIHIOETHCH.
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Tabauys 3

Bruius 3actocyBanHs audepeHiiiHOI NPUBATHOCTI HA TOYHICTH
Mojiesieil Ta pU3NK pe-ifeHTHikamii

BapianT Accuracy, % Privacy loss (¢) Re-ldent|f(|)2at|on risk,
bes DP 95 10 22
DP (e = 1.0) 93 1.0 8
DP (e = 0.5) 92 0.5 5

%

100

TOYHICTD,

60 1

40 +

25

T
]
=1

T
-
w

T
=
o

Pr3uk pe-igeHTUdikauii, %

201 5

T T
DP £=1.0 DP £=0.5

BapiaHT mogeni

T
Bes DP

Puc. 1. BniimB nu¢epeHniiiHOl NPMBATHOCTI HA TOYHICTH Ta PU3HK

Deoepamuene nasuannsn (Federated Learning). ®eneparuBue HaBuanHsa (FL) go3Bossie
TpEHYBaTH MOJIeJIi MAIIMHHOTO HaBYaHHS Ha PO3MOJIJICHUX TMPUCTPOSIX KOPHUCTyBadiB 0e3
HeHTpati3anii iXHiX nepcoHalbHUX JaHuX. Lle 3abe3neuye KoH(DINEHIIHHICTD, 3MEHIITYIOUH PU3UK
BHUTOKY JIJaHUX, BOJIHOYAC 30€piratou BUCOKY TOYHICTH MOJIEIII.

®opmanbHO riaobabHi apaMeTpr MOJEN Ogjopq; OHOBIIIOIOTHCS K YCEPEIHEHHS JIOKAIbHUX
napameTpis:

15N
Hglobal — y&i=1 01’!

ne 6; — nokanbHI mapaMeTpy MOJIeNi KOpUCTyBaya i, OTpUMaHIi HUIIXOM HaBYaHHS HA HOro
MpUBaTHUX AaHUX; N — KIJIbKICTh KJIIEHTIB/TIPUCTPOIB.

Jnst migBumeHHsT OE3MEeKH KOXKEH JIOKAJbHUM TpaaieHT mudpyBaBcs METOIO0M Secure
Aggregation, 1m0 3a0e3Me4nI0 HEMOXKJIMBICTD BiJHOBJICHHSI OKPEMHX JIOKAJIbHUX OHOBJIICHb 3 OOKY
cepBepa.

ExcniepuMeHT mNpoBOAMBCS Ha cuMyjiIboBaHOMY Habopi nanux 1000 kopucTyBauis,
posnoainernx Ha 10 rpyn mo 100 kopuctyBauiB. KoxkeH KOpHcTyBau HaBuYaB JIOKAJIbHY MOJIEITh
HEHPOHHOT Mepexki Ha cBOiX AaHuX. [lopiBHIOBANIUCH TPH cLieHapii:

- IEHTpajizoBaHe HaB4aHHA 6e3 DP — yci naHi Ha cepBepi;

- (heneparuBHe HaBuaHHs 0e3 DP — jokanbHi 1aHi 3aIMIIaI0ThCS Ha IPUCTPOSIX;

- penepatuBHe HaBUaHHS 3 DP — KOKEH JIOKaJIbHHM TpaiieHT 00podnseThes Gaussian noise
injection.

MeTpuku OIiHKH:

- Accuracy — TOYHICTh MOJICJIi Ha TECTOBUX JIAHUX

- Data leakage — iiMOBipHiCTb BiTHOBJICHHS PUBATHHUX JAHUX KOPHUCTYBAua,

- Communication CoSt — KibKiCTh MEpeAaHuX JaHUX MIX KIIIEHTAMH Ta CEPBEPOM.
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Pe3ynbraTi ekcriepuMeHTy HaBeeHO y Tabmnuii 4.

Tabnuys 4
IMopiBHSIHHS IIEHTPATi30BaHOTO TA ()eIePATUBHOTO HABYAHHS
Cuenapiii Accuracy, % | Data leakage, % | Communication cost, Mb
IlenTpasizoBaHe HaBYaHHS 95 22 500
denepaTuBHE HABYaAHHS 92 3 120
®deneparuBHe HaBYaHHs Ta DP 90 1 120

Sk BuaHO 3 Tabmui 4, FL 3Ha4HO 3HMKYE PU3UK BUTOKY NaHUX (3 22% 10 3%) MOpiBHSHO 3
LEHTPAJI30BaHUM HaBYaHHSAM, a noeaHaHHd 3 DP 3aGesneuye makcumanbuuii 3axuct (1%), mpu
[[OMY TOYHICTbh MOJIENI 3MEHIIYEThCs JIuiIe Ha 5%.

[TopiBHIOIOYM TpHU cIiieHapii HaBYaHHs (pHC. 2), 6AYMMO JAOCATHEHHSI CYTTEBOTO MPUPOCTY
KOH(D1IEHIITHOCTI 32 BiTHOCHO HE3HAYHOI BTPATH TOYHOCTI.

100 25

%

60 + 15

TOYHICTE,

40 1 F10

PiBEHb BUTOKY OaHux, %

201 s

T T T
LeHTpanizoBaHe FL FLTa DP
CueHapii HaBYaHHA

Puc. 2. Bnuaus ¢enepatuBHoro Hap4aHus Ta DP Ha TOYHICTH Ta 3aXHCT JaHUX

Apximexkmypni 3acoou o6e3neku. ApxiTEeKTypHI 3aco0u Oe3neku (OpMYIOTh CHUCTEMHUUN
PiBEHb 3aXUCTY NEPCOHANI30BAHUX JIAHUX y CUCTEMax aJalTUBHOI reHeparlii KoHTeHTy. Ha BinMiny
B1JI OKpEMHX aITOPUTMIYHUX MeXaHi3MiB (aHoHIMI3aris, DP, FL), apxitexTypHuii miaxin 3abe3neuye
6araTopiBHEBUI KOHTPOJIb JOCTYIY, 130JIA11}0 KOMIIOHEHTIB Ta MOHITOPUHT OE€3MEKOBUX MO/IH.

VY nocinipkeHH1 3amporoHOBaHO O0araTOpiBHEBY MOJIENb 3aXUCTY, 110 BKITIOYAE:

- piBenb 300py nanux (Data Acquisition Layer);

- piBerb 00poOku (Processing Layer);

- piBeHb 30epiranns (Storage Layer);

- piBeHb JOCTymy Ta MOoHITOpHHTY (AcCess & Monitoring Layer).

DopMaIbHO apXiTEeKTypy MOKHA IMOAATH SIK MHOXKHHY KOMIIOHEHTIB!

A= {Llf L21 L3' L4-}!

Jie KOKEeH piBeHb L; peaii3ye BiacHy QyHKIIIIO O€3MeKH S;, a 3aralbHUI piBEHb 3aXHUIICHOCTI
CHCTEMH BH3HAYAETHCS SIK KOMITO3UILIS:

Stotal S Sl n SZ N 53 N 54.

To6To KOMIpoOMeTallisi OAHOTO PiBHS HE MPU3BOJUTH ABTOMATUYHO J0 MOBHOTO MOPYILIEHHS
KOH(]1ACHITIHHOCTI.
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VY mexax pociimpkeHHs 0yiio peanizoBano Mojenb Role-Based Access Control (RBAC), sika
3abe3mnevye IeHTpari3oBaHe Ta (hopmaaizoBaHe pO3MEKYBaHHS MIPAB JIOCTYIY JI0 PECYPCiB CUCTEMHU
a/IalITUBHOI TeHepaIlii KOHTEHTY.

dopMalIbHO CHCTEMAa BU3HAYAETHCSI TPhOMa 0a30BUMHU MHOKMHAMMU:

U={u;,uy, .., u,},

ne U — MHOKMHA KOPUCTYBauiB CUCTEMHU; U; — -l KOPUCTYBau (HANPHUKIA[, aJMiHICTpaToOp,
MOJICpaTop, aHATITUK, 3BUYaHUN KOPUCTYBAY); N — 3arajibHa KUIbKICTh KOPUCTYBAiB.
MHOXH1HA posiel y cucTeMi:

R =A{r,1y, ...t}

ne 1 — j-Ta ponb (Hanpuknan, «Adminy, «ContentManager», «DataAnalyst», «User»); m —

KUTBKICTh BU3HAYEHUX POJICH.
MHox1Ha J03BOJIIB (permissions):

P = {pll P2, ""pk}!

ne p; — - mo3Bin (YuTaHHS NaHUX, 3amuc, MoAUQiKalis, BHIAICHHS, 3allyCK MOJEN,
MIePETJIsA/l aHATITUKH TOIIO); K — 3arajgbHa KUTBKICTh JO3BOJIIB y CHCTEMI.
[Ipu3HaueHHs poJieil KopucTyBadyaM BU3HAYAETHCS (DYHKITIEIO:

f:U - 2R

ne 2R — 6ynean muoxkuHN R; f(u;) — MHOKMHA pOJiei, TPHU3HAYEHUX KOPUCTYBauy U;. To6TO
OJIMH KOPUCTYBau MOK€ MaTH KiJIbKa pOJIel 0OTHOYACHO.
Hananns 103BOIIB poJISIM BU3SHAYAETHCS (PYHKIIIEIO:

g:R - 2P,

ne g(rj) — MHOXKMHA JIO3BOJIB, AKiI Ma€ poib 7;. Hanpukian, pons «Adminy Moxke MaTu BCi
T03BOJH, TOAI K «User» — JIumie JOCTYN 10 BIACHHUX JIaHUX.

JlocTyn KopucTyBaJa u; 10 peCypCy, o MOTpedye M03BOIY P, J03BOJIEHO TOJI 1 TLILKHU TOI,
KOJIH:

Access = (ui,p]-) =1e3re f(u):p; € g),

ne Access = (ui,pj) = 1 — o3Hauae, mo goctyn Hagano; Ir € f(u;) — icHye xo4a 6 oqHA
pOJIb, MPU3HAYEHA KOPUCTYBaYy; p; € () — BUIOBIIHUI T03BiI BXOAUTH J10 HAOOPY MO3BOIIB Li€i
pouti.
Inakme:

Access = (ui,pj) =0,

10 03HAYa€ BIIMOBY Y JOCTYIII.

Cucrema Oynma peanmizoBaHa 3a NPUHIMIIOM  MIKPOCEpBICHOI  apXiTeKTypu 3
KOHTeWHepu3alieo. KoxkeH cepBic mpalfioe B 1301bOBAaHOMY CEPEIOBHIII, IO 3MEHIIYE TIIONLY
aTaKwy.

fIMOBipHiCTL MTOBHOT KOMITPOMETAIIiil CHCTEMH MOYKHA OIIHUTH SIK:

Pcomp =1- ?:1(1 - pi)!

1ie p; — IMOBIPHICTh KOMIIPOMETALlii OKPEMOTO CEepBicy.
[Ipu 305s1ii cepBiciB Ta BipoBapkeHH1 Zero-Trust miaxoay 3HaYeHHS p; 3MEHIIYEThCS, 1110
3HWXKYE 3arajlibHy HUMOBIPHICTh KOMITPOMETAILli.
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ExcnepumenrtanbHo 0yno 3mozaensoBaHo 1000 cipo6 HECaHKIIIOHOBAHOTO JIOCTYILY B TPHOX
KOHpiTyparisax:

- MOHOJIITHA apXITEKTYpa;

- MIKpOCEpBICHA apXiTEKTYpa;

- MiKpocepBicHa apxiTektypa 3 peanizaniero RBAC, xypHanaroBaHHS MOJIH Ta MepekeBOi
130JIs1I1.

Pesynbratn HaBeneHO y TabmuUIi 5.

Tabnuysa 5
BnuiuB apxXiTeKTypHHX pillleHb Ha piBeHb KOMIIPOMeTAallil CHCTEeMH
ApxiTekTypa YcnimHi aTaku PiBenb komnpomerauii, %
MoHoIiTHa cucTeMa 180 18
MikpocepBicHa 95 9.5
MikpocepBicu Ta 6araTopiBHEBHI 3aXHCT 28 2.8

Sx BugHO 3 TabmMui, Nepexil 10 MIKPOCEPBICHOT apXiTeKTypH 3MEHIIUB piBEHb
kommpomeTartii 3 18% m0 9.5%. JlonatkoBe BnpoBamkenass RBAC, cermenTaiii Ta sKypHaTFOBaHHS
3HM3WIO pU3HK 10 2.8%.

Otxe, Tpy TIEPEXOl BiJl MOHOJIITHOI apXiTEKTYpH A0 OaraTOpIBHEBOI 3aXHUIIEHOI CUCTEMHU
BiOyBaeThCs 3MEHIIEHHS piBHA Kommnpomerarii. HaiiOineimmii edexT pocsraerbcs mpu
KOMILUIEKCHOMY 3aCTOCYBaHHI 130JIA1II11 CEPBICiB, pO3MEKYBaHHS JOCTYITY Ta KYPHATIOBAHHS MOIIH.

Iopienanvuuii ananiz ma inmezpayisa memoodie. Y Mexax JOCITIDKEHHS OylIo MPOBEICHO
CHUCTEMHE TIOPIBHSHHS METOJMIB aHOHIMi3aii, audepeniiinoi npusatHocti (DP), ¢eneparuBHOTO
naBuanHs (FL) ta apxitekTypHuX 3ac00iB Oe3nexku. MeToro aHaiizy Oyn0 BU3HAYSHHS ONITUMATIBHOT
KoH(iryparlii, mo 3ade3neuye OanaHc MiX KOHQIIESHIIHHICTIO, MACIITaA0OBAaHICTIO Ta TOYHICTIO
reHepalii NepCcoHaTi30BaHOTO KOHTEHTY.

J1J1s1 KOMITJIEKCHOTO TTOPIBHSAHHS OYJI0 BUKOPUCTAHO TP TPYIU METPUK:

- C — piBeHb KOH(}IAEHIIIHHOCTI (3BOPOTHHI 10 PU3UKY BUTOKY);

- A — TOUHICTh reHeparlii KOHTeHTy (Accuracy);

- S — MacmTaboBaHICTb.

[HTerpanbHuil MoKa3HUK €PEeKTUBHOCTI MO/IET BU3HAYABCS K 3BaKEHA CyMa:

E=aC+ pA+YS,

ne a, B,y € [0,1] — BaroBi koedimienTr, npu yomy @ + f +y = 1.

VY Mexax IoCTiKEeHHs BaroBi Koe(illieHTH iHTerpanbHOT PYHKIT OIliHIOBaHHS O0YII0 00paHo
3 ypaxyBaHHSM CIEHU(IKH CHCTEMH aBTOHOMHOI aJIallTUBHOI T'eHEepalil KOHTEHTY, J¢ KIIOYOBUM
(akTOpPOM € 3aXUCT MEPCOHATIZ0BAHUX JTAHUX KOpUCTyBauiB. [IpuitHsTo:

- a = 0.4 — xoediuieHT NpiopUTETY KOH(DIICHIIHHOCTI;

- B = 0.35 — xoedimieHT ePeKTUBHOCTI reHeparlii (TOYHICTh / MPOAYKTHUBHICTBD);

-y = 0.25 — xoedinieHT MacITaOOBaHOCTI.

Pe3ynpraTi O1iHIOBaHHS OKPEMHUX METOIB Ta X KOMOiHAaIliil HaBeAeHO y Tabuui 6.

Haii0inbie 3HaueHHs IHTETrpajJbHOTO MOKa3HUKa epekTUBHOCTI (E = 0.91) nocsiraerbes npu
KOMIUIGKCHOMY TIO€IHaHHI  (enepaTUBHOTO HaBYaHHA, JU(EpPEHIIHHOI TMPUBATHOCTI Ta
6araTopiBHEBOI0 apXiTEKTYPHOT'O 3aXHUCTY.

KinbkicHuii anamiz interpoBanoro migxoay. Ha ocHOBI oTpumaHuX pe3ynbTaTiB Oyio
c(OpPMOBaHO ONTUMANIbHY IHTETPOBAHY MO/IEIIb, 1110 BKIIIOYAE:

- IpeJICTaBJICHHS JaHUX Y GOpMi CTPYKTYPOBaHUX BEKTOPIB Ta Tpad)OBUX MOJIETIEH;

- aHOHIMI3allif0 Ta TICEBAOHIMI3AIIIIO 3 JIOKATbHUM MU(PYBAHHSIM;

- penepatuBHe HaB4aHHSA 3 DP 117151 BCIX JIOKQJIBHUX MOJICIICH;

- ObaraTopiBHEBY apXiTeKTypy 3 npuHuunom Zero Trust Ta RBAC.
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Tabauys 6
IlopiBHsIILHUIT aHAJII3 OKPEeMHX METOMIB Ta IX iHTerpamii
. . Pusuk Accuracy, MacwraboBanicts | IHTerpaabHuii
Kondirypanis o o
BUTOKY, %o % (ymoBHa mikaja 0-10) | mokasuuk (E)
bazoBa cucrema
23 95 6 0.61
(6e3 3axucry)
AHoHIMI3aris +
St 16 94 6 0.69
TICEB/IOHIMI3aITis
DP 5 92 7 0.78
FL 3 92 9 0.84
[nTerpoBana monens (FL—
POBAHA ML ( 1-3 9 9 0.91
DP—apxiTeKTypHHUI 3aXUCT)
dopMaIbHO IHTETPOBAHY CUCTEMY MOYKHA IIOJATH K KOMIIO3ULIII0 MEXaHI3MiB:
Miotar = Maata © Manom © Mrr, © Mayrcn,
ne Mggta MOJIENIb CTPYKTYPOBAHOTO TMPEACTABICHHS IaHUX; Mgnom MeXaHI3MHU

aHOHIMI3aIlil Ta rceBnoHIMIzaIi; My, — beneparuBHe HaB4aHHS 3 DP; M., — apXiTeKTypHIi 3acoOu
Oe3neKu.

Jns  ominku  eDEeKTHBHOCTI  IHTErpoOBaHOro  Mmiaxony (MOETHAHHS  aHOHIMI3aIlil,
nceBoHIMI3aI, TUdepeHIiitHOT TPUBATHOCTI, (heJIEPaTHBHOTO HABYAHHS Ta apXITEKTYPHHUX 3aC001B
Oe3nekn) Oyno TPOBEICHO y3aradbHEHHS EKCIEPUMEHTAILHUX PE3yNIbTaTiB, MPEACTABICHUX Y
Tadmmmax 1-6.

Sk BUIHO 3 IUX JaHUX, y 0a30Biil cucreMi 6e3 3aCTOCYBaHHS KOJHUX MEXaHI3MiB 3aXHCTY
cepeaHii pU3UK BUTOKY NMEPCOHATIBLHUX NaHUX CTaHOBUB 23% (Tabin. 1-2). Ilicng noegHaHHS METOIB
aHOHIMI3allil Ta TCEeBAOHIMI3alii 3 JOKAJIbHUM MIM(PPYBaHHAM pPU3HMK 3HHM3UBCS 10 16-17%, a
BINPOBAKEHHS TU(PEPEHIIIIHOT MPUBATHOCTI Ta (peIepaTUBHOTO HABYAHHS J0JIATKOBO 3MEHIIIHJIO
HMOBIpHICTH pe-ineHTudikamii 1o 1-3%.

TouHicTh MoOJENEH TpPH 3aCTOCYBaHHI IHTETPOBAHOTO MIAXOAY 3ajUIIaNacs BHCOKOIO:
MOPIBHSIHO 3 0a30BOIO CHCTEMOIO, /i€ TOUHICTh CTaHOBHIA 95%, BTpartumu nuiie 01u3bko 5%, 1o
CBITYUTH TIPO e(PeKTUBHE 30€pEKEHHS IKOCTI TeHepallii KOHTCHTY.

MaciraboBaHiCTh CHCTEMH OIliHIOBanacs 3a 10-0anbHOIO IIKamoio, A¢ 0a30Ba MOHOJITHA
apxiTekTypa oTpumana 6 6amiB. [aTerpaiis MikpocepBicHOi apxitekTypu, RBAC ta iHmux 3aco0iB
3axHCTy MiABUINMIA MacTaboBaHicTh 10 9 OaniB, mo Bianosigae 50% npupocTy y MOpPIBHAHHI 3
0a30BOI0 CHCTEMOIO.

Takum 4nHOM, y3araibHEHUI aHaji3 eKCIIEPUMEHTIB AEMOHCTPYE, 10 IHTETPOBAHUMN ITiX1]]
JI03BOJISI€ TOCSATTH 3HAYHOTO 3HI)KEHHS PU3UKY BUTOKY NEPCOHAIHUX JIaHUX MPU HE3HAUH1N BTpari
TOYHOCTI MOJIeNiel Ta OAHOYACHOMY ITiJIBUIIICHH] MacIITabOBaHOCTi CUCTEMHU.

VY tabnuiii 7 HaBeIEHO arperoBaHi pe3yJbTaTH, 10 0a3yIOThC HAa EKCIIEPUMEHTATBHUX JaHUX
nomepeAHix miapo3autiB (tabm. 1-6), BKIOYAOUM METOAM aHOHIMI3amii, audepeHIiitHo
MIPUBATHOCTI, (heJIEPaTHBHOTO HABYAHHS Ta apXITEKTYPHI 3acO0U Oe3IeKH.

Tabnuys 7
IlopiBHsiHHS 0a30BOi Ta IHTErPOBaHOI MoJeJi

IHoka3HUK ba3oBa cucrema InTerpoBana moaenb
Pusuk BuToky, % 23 1-3
TounicTh, % 95 90
Macmrrabosanicts (0—-10) 6 9
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OTtpumani pe3yabTaTd JAEMOHCTPYIOTh, IO IHTETpOBaHA MOJENb OJHOYACHO 3abe3reuye
BHCOKHH piBeHb KOHQIIEHIIMHOCTI, €pEeKTHUBHY T€HEpAIlil0 MEPCOHANI30BaHOTO KOHTEHTY Ta
MiJBUIICHY MacIITabOBaHICTh, IO € BAXKJIMBUM JUIsl MPAKTUYHOTO BIPOBAKCHHS B JMHAMIYHUX
0araToOKOPUCTYBALIbKUX CUCTEMaX.

BuCHOBKH. Y paMKax MPOBEACHOTO JOCITIHKEHHS OyJI0 PO3IIIIHYTO KOMIUIEKCHI IMiIXOAH 10
3a0e3nedyeHHs1 Oe3mekn Ta 0OpOOKH MEPCOHATI30BaHUX JAaHUX Yy CHCTeMax aJalTHBHOI reHeparil
KOHTEHTY. byno 3ampomoHoBaHO Qopmamizaiilo NpocTopy KOPUCTYBAIbKUX JaHHX 13
BUKOPHUCTAHHSIM CTPYKTYpOBaHUX BEKTOPIB O3HAK Ta rpaOBUX MOJEJNEH, 0 T03BOJISIE €PEKTUBHO
MOJICJIIOBATH B3Aa€EMO3B’SI3KM  MDK KOpPHUCTYyBadyaMHM Ta e€JIEeMEHTaMU KOHTEHTY, 30epiraroun
KOHTEKCTHY PEJIEBAaHTHICTh JaHUX.

JleTtanpbHO mpoaHaTi30BaHO METOAM AaHOHIMI3amii Ta TCEeBIOHIMI3aIlli, BKJIOYHO 3 K-
aHoOHIMHIcTIO, [-diversity, t-Closeness Ta JiokambHHM mH(PYBaHHAM TaHWX. EkcnepruMeHTasbHi
pe3yabTaTh TMOKAa3alH, 10 3aCTOCYBAaHHS LIMX METOJIB 3HIDKYE PU3HK pe-iieHTH]IKalii Ta BUTOKY
naHux 10 15-20%, 110 CTaHOBUTH CYTTEBE IMOKPAIEHHS TTOPIBHIHO 3 KJIACHYHUM 30€pITaHHAM JTaHUX
6e3 00poOku. [lceBnoniMizanist y MO€AHAHHI 3 JOKAIbHUM IIU(GPYBaHHIM 3a0e3meuye OanaHc Mix
MOJIMBICTIO BIJICTEKEHHSI CECIH 1 3aXMCTOM MEePCOHANBHOI 1H(GOpMAIIii KOPUCTYBaviB.

Oco6nuBa yBara Oyna npuaijieHa BIPOBaKeHHIO Tudepeniitnoi npuBaTHocTi (Differential
Privacy) y mporieci HaB4aHHS MO/IeJIei MallTMHHOTO HaBuaHHs1. Peamizamis mexanizmy Gaussian noise
injection y rpa/ii€eHTH IiJ YaC HaBYaHHA J03BOJIMIIA 30€perTH TOYHICTh FeHepallii KOHTEHTY Ha piBHI
92-95%, oaHOYACHO 3HUXKYIOUM MOXMIIMBICTH BIJIHOBJICHHS IaHUX KOHKPETHHX KOPHUCTYBAauyiB.
@enepatuBHe HaBuaHHs (Federated Learning) Oyi0 BHKOpPHCTAaHO AJsi HABYAHHS PO3MOIIIECHHX
Mozeneir 0e3 mentpamizamii gaHux. [loexnanns FL 13 DP 3a0e3neunno MakCUMaldbHUN 3aXUCT
MepCcoHANBHOI iH(OpMaIii, mpyu EOMY TOYHICTH MOAeNed 3amumranacs Bucokor (90-93%), a
MacmTaboBaHICTh CUCTEMH 3pOCTaa.

J1 KOMIUIEKCHOTO 3aXHMCTy JaHUX OYII0 po3po0eHO 6araTopiBHEBY apXiTEKTypHY MOJIEINb,
o BKIOYae Kpunrorpadiuni mexaHizmu, Zero Trust Architecture, po3mexyBaHHSI IOCTYyIy Ha
ocHogi poneit (RBAC) Ta mocriliHui MOHITOPHUHT 1 ayauT. KibKiCHI OI[IHKY MOKA3aJH, 10 MePeXi
JI0 MIKpOCEPBICHOT apXiTEKTypH Ta BIPOBADKCHHS 3a3HAYEHUX 3aCO0IB OE3IMEKH 3HIKYE PHU3UK
koMmmpomerantii 3 18% mo 2.8%, mo 3a0e3neuye 3aranbHe 3MeHIICHHS Ha moHan 80% MOPIBHSIHO 3
MOHOJITHUMH CHCTEMaMHU.

[TepcriekTMBY MOAATBITNX JOCHTIKEHB MOJSTAI0Th Y BIPOBAHKCHHI aJaNITHBHIX MEXaHI3MiB
ABTOMATUYHOTO HAJAIITYBAHHS MapaMeTpiB KOH(DIICHIIMHOCTI Ta 3aXUCTY 3aJICKHO BiJ MOBEIIHKH
KOpHCTYyBaya, ONTUMI3allii 00YMCIIOBAIBHOT €PEKTUBHOCTI (he1epaTUBHOTO HAaBYAHHS IS BEJTHKUX
MacuBIB JaHWUX Ta JMAOCTIPKCHHI HOBHUX CTparerid iHTerparii Kpunrorpad@idyHuxX METOMIIB i3
HEHpOMEpe)KeBUMH  MOJCISIMM  TeHepauii KOHTeHTy. TakoX BiAKpUBAETbCA MOKIMBICTh
BUKOPHUCTAHHS METO/IIB IITYYHOTO 1HTEJIEKTY JUIsl aBTOMAaTUYHOTO BUSIBJICHHS IMOTEHIIIMHUX 3arpo3 1
Bpa3JIMBOCTEH y cHCTEeMax aJalTHUBHOI T'eHepallii KOHTEHTY, 10 3a0e3MeyuTh e BUIIMNA PiBEHb
Oe3I1eKu Ta T0BIpHU KOPUCTYBAYiB.

Takum YMHOM, TIPOBEIEHE JOCIIKEHHS MiATBEPANIO e(EeKTUBHICTh KOMILICKCHOTO MiIXOAY
710 3aXHUCTY EPCOHAII30BAHUX JAaHUX Y CUCTEMAaX aJalTHBHOI reHepallii KOHTEHTY, a 3alpOIIOHOBaHA
1HTEerpoBaHa MO/IETIb MOXKE CIIYTyBaTH HayKOBO OOIPYHTOBAHOIO 0a30r0 ISl MOJAIBIIONO PO3BUTKY
0e3IeyHrX Ta MaciTaboBaHUX 1H(OpPMAIIHHUX TUIaTGOopM.
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METHODS FOR SECURING AND PROCESSING PERSONALIZED DATA
IN ADAPTIVE CONTENT GENERATION SYSTEMS

Purpose. The aim of this article is to develop a comprehensive approach to ensuring the security and
proper handling of personalized data in adaptive content generation systems. The proposed approach is based
on the formalization of the user data space, the application of anonymization and pseudonymization
techniques, the use of Differential Privacy (DP) mechanisms, Federated Learning (FL), and the integration of
modern cryptographic and architectural security measures.

Methodology. The study relies on a systemic analysis of adaptive system architectures and the
multidimensional feature space of user data. The risk of de-anonymization is evaluated using mathematical
models of Differential Privacy, while the protection of distributed data is implemented through Federated
Learning protocols with secure gradient aggregation. A comparative analysis of modern data protection
methods, threat modeling, and the development of a multi-level security architecture based on Zero Trust
principles, Role-Based Access Control (RBAC), encryption, and event auditing was conducted.

Findings. A formalized model of the personalized data space was proposed, enabling classification of
sensitivity levels, defining allowable transformations, and integrating them with anonymization techniques.
The effectiveness of ¢-Differential Privacy for controlling de-anonymization risk during model training was
demonstrated. A generalized scheme combining Federated Learning with cryptographic secure aggregation
protocols was developed, providing user data confidentiality without compromising model accuracy. A multi-
layered security architecture was designed, incorporating data encryption, access control, auditing, and
monitoring, ensuring a balance between security, scalability, and the efficiency of content generation.

Originality. The novelty lies in the integrated combination of a formal personalized data model with
Differential Privacy and Federated Learning mechanisms within a unified security architectural framework,
simultaneously ensuring confidentiality, scalability, and efficient data processing in adaptive content
generation systems.

Practical value. The results can be applied in the development of educational platforms, gaming
systems, recommendation services, and other intelligent systems that operate with personalized user profiles
and require a high level of data protection and compliance with modern information security standards.

Keywords: adaptive content generation; personalized data; differential privacy; federated learning;
encryption; security architecture.

71



ISSN 2786-5371 print; ISSN 2786-538X online Inghopmayinni mexunonoezii, enexmponika,

MeXaHiyHa ma eneKmpuyna inxcenepin
Texnonozii ma inswcunipune, T. 27, Ne 1, 2026 Information technologies, electronics,
Technologies and engineering, Vol. 27, No. 1, 2026 mechanical and electrical engineering

https://doi.org/10.30857/2786-5371.2026.1.7

Received: 14.01.2026 |} Vladyslav PYLYPENKO
Revised: 24.03.2026 [} Kyiv National University of Technologies and Design, Ukraine

Accepted:  09.04.2026

IMPACT OF STACKING ENSEMBLE DEPTH ON
VIIK 004.8+004.6 GENERALIZATION  ABILITY OF  ACADEMIC
PERFORMANCE PREDICTION MODELS

Purpose. The research is aimed at a comprehensive analysis of the impact of stacking ensemble depth
on the generalization ability of academic performance prediction models and determining the optimal stacking
depth to achieve maximum performance and reliability of predictions. The goal of the work is to develop a
methodology for assessing the relationship between stacking ensemble depth and model generalization
metrics, as well as determining recommendations for selecting optimal ensemble architecture for academic
performance prediction tasks.

Methodology. The research methodology is based on experimental analysis of the performance of
stacking ensembles of different depths (from 1 to 5 levels) for predicting student academic performance. Base
models include logistic regression, Random Forest, Gradient Boosting, Support Vector Machine, and neural
networks. Generalization ability assessment is performed using accuracy, Fl-score, AUC-ROC, and
coefficient of determination metrics on independent test samples. Stratified cross-validation is applied to
assess result stability and analyze the impact of stacking depth on model variance and bias.

Findings. Experimental results demonstrate a non-trivial relationship between stacking ensemble
depth and model generalization ability. For single-level stacking (depth 1), generalization ability is 0.82 by
F1-score metric, for two-level stacking (depth 2) —0.87, for three-level (depth 3) — 0.89, for four-level (depth 4)
- 0.88, for five-level (depth 5) — 0.86. The optimal stacking depth is identified at level 3, where maximum
generalization ability is achieved without significant increase in model complexity. At depths greater than
3 levels, a decrease in generalization ability is observed due to error accumulation and meta-model overfitting.
It is established that stacking depth affects the balance between model bias and variance, with optimal depth
ensuring minimum generalization error.

Originality. A comprehensive assessing classification model stability depending on training sample
size is developed, including theoretical analysis of the relationship between sample size and variance
component of generalization error, empirical methods for determining saturation points, and comparative
analysis of the effectiveness of different stability improvement methods. The impact of class imbalance and
feature space dimensionality on the relationship between sample size and model stability is systematically
investigated for the first time. A classification of models by dependence on training sample size is developed,
taking into account algorithm type, model complexity, and data nature..

Practical value. The obtained results allow justifying the choice of optimal stacking ensemble depth
for academic performance prediction tasks, ensuring high prediction accuracy with minimal model complexity.
The developed recommendations can be applied in educational process management systems, early detection
systems for at-risk students, and adaptive educational platforms. Determining optimal stacking depth allows
optimizing the use of computational resources and ensuring high prediction reliability in practical
applications.

Keywords: stacking ensemble; ensemble depth; generalization ability; academic performance
prediction; machine learning; ensemble methods; Python.

Introduction. Predicting student academic performance is a critically important task in
modern educational management systems, as it allows identifying students at risk of failure at the
early stages of learning and providing timely support and intervention [4, 6]. The effectiveness of
academic performance prediction systems directly depends on the accuracy and reliability of the
machine learning models used, which makes the choice of optimal algorithms and model architectures
important [8, 11].

Ensemble machine learning methods, in particular stacking ensembles, have demonstrated
high efficiency in forecasting tasks due to the ability to combine forecasts from a set of heterogeneous

Copyright © The Author(s). This is an open access article
distributed under the terms of the Creative Commons Attribution 12
License 4.0 (https://creativecommons.ora/licenses/by/4.0/)
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base models [1, 3]. Stacking ensemble is based on the idea of building a meta-model that is trained
on the forecasts of the first-level base models, which allows using the strengths of different algorithms
and compensating for their weaknesses [3, 10]. However, the influence of the depth of the stacking
ensemble (the number of meta-model levels) on the generalization ability of models remains
insufficiently studied, especially in the context of academic achievement prediction problems.
According to the study by L. Breiman [1], ensemble methods provide a reduction in the variance of
predictions through the aggregation of a set of models, which leads to an increase in the generalization
ability. T. Chen & C. Guestrin [2] showed that for tree-like ensembles, increasing the complexity of
the model can lead to both improvement and deterioration of generalization depending on the
characteristics of the data. D.H. Wolpert [14] developed the theoretical foundations of stacking,
showing that a meta-model can improve the performance of the base models, but can also lead to
overfitting if the wrong architecture is chosen.

Studies of the influence of the depth of the stacking ensemble on the generalization ability
showed that increasing the depth can lead to the accumulation of errors and overfitting of meta-
models [5, 9]. J. Friedman et al. [4] showed that for many problems the optimal stacking depth is in
the range of 2-3 levels, and further increasing the depth does not lead to a significant improvement in
performance. M. Kuhn & K. Johnson [8] noted the importance of considering the balance between
bias and variance when choosing the depth of the stacking ensemble. Despite the numerous
advantages, current research has identified a number of problems associated with determining the
optimal depth of the stacking ensemble. C.N. Probst et al. [11] noted that the choice of the optimal
stacking depth requires a careful analysis of the data characteristics and the performance requirements
of the models. F. Pedregosa et al. [10] showed that for large datasets deeper stacking ensembles can
be more efficient, but require significantly more computational resources. Z.H. Zhou [15] conducted
a comprehensive analysis of ensemble methods, showing the importance of choosing the right
ensemble architecture to achieve optimal performance.

Determining the optimal depth of the stacking ensemble for predicting academic success is
considered an important scientific and practical task that requires a comprehensive analysis of the
dependence between the depth of the ensemble and the generalization ability of models. The
relevance of the topic is due not only to scientific interest, but also to the practical need for effective
systems for predicting academic success that can provide high accuracy and reliability of forecasts.
The aim of the study was to comprehensively analyze the influence of the depth of the stacking
ensemble on the generalization ability of models for predicting academic success with an emphasis
on determining the optimal stacking depth. The objectives of the study were: to assess the dependence
between the depth of the stacking ensemble and the generalization indicators of models; to determine
the optimal stacking depth for the tasks of predicting academic success; to analyze the influence of
the stacking depth on the balance between the bias and dispersion of models; to develop
recommendations for choosing the optimal architecture of the stacking ensemble.

Stacking ensembles are one of the most effective approaches to building predictive models,
as they allow combining predictions from a set of heterogeneous base models to achieve higher
accuracy and stability [1, 3]. The generalization ability of stacking ensembles depends on many
factors, including the choice of base models, the architecture of the meta-model, and the depth of
stacking [7, 10]. Studies have shown that for many problems, the optimal stacking depth is in the
range of 2-3 levels, and further increase in depth can lead to overfitting and a decrease in
generalization ability [4, 8].

In the tasks of predicting academic success, stacking ensembles have demonstrated high
efficiency due to the ability to take into account the complex interactions between various factors that
affect student success [6, 12]. For example, in the tasks of predicting the risk of student dropout,
stacking ensembles have allowed achieving an accuracy of 0.85-0.90, which significantly exceeds
the performance of individual base models [12, 13]. Methods for determining the optimal stacking
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ensemble depth include learning curve analysis, model complexity estimation, and the use of
empirical rules [2, 5]. Learning curve analysis allows us to determine the point at which increasing
the stacking depth no longer significantly improves model performance, but can be time-consuming
for large models [9, 14].

Materials and Methods. Stacking ensemble is a method of combining predictions from a set
of base models using a meta-model that is trained on the predictions of the base models. For a stacking
ensemble of depth d, the generalization ability can be described in terms of the generalization error,
which is decomposed into bias and variance components:

E[Error_d] = Bias*.d + Var_d + o3, (1)

where Bias?_d is the square of the bias of the meta-model of depth d;
Var_d is the variance of the meta-model predictions;
o2 is the irreducible error.

According to a study [14], increasing the stacking depth initially reduces the bias due to a
more complex model, but can also increase the variance due to the accumulation of errors from
previous levels. The relationship between the depth of the stacking ensemble and the generalization
ability can be described by a function that exhibits first an increase and then a decrease in
performance:

G(d) = Gmax — A X exp(—B X d) — C X exp(D X d), (2

where G(d) is the generalization ability at depth d;

G_max is the maximum achievable generalization ability;

A, B, C, D are parameters that depend on the characteristics of the data and the underlying
models.

The first exponential term reflects the increase in generalization ability with increasing depth,
while the second term reflects the decrease due to error accumulation and overtraining. The optimal
depth of a stacking ensemble is defined as the depth d* for which the generalization ability reaches a
maximum:

d*= argmax_d G(d), 3)

To assess the impact of stacking ensemble depth on the generalization ability of academic
achievement prediction models, an experimental study was conducted on a dataset containing
information about three hundred students with 8 features, including grade point average, number of
absences, study time, and other factors. Stacking ensembles with depths from 1 to 5 levels were
trained and their performance was evaluated on an independent test sample.

Results. Experimental results showed that the generalization ability of the models depends on
the depth of the stacking ensemble. For one-level stacking (depth 1), the generalization ability was
0.82 according to the F1-measure metric, for two-level stacking (depth 2) — 0.87, for three-level
(depth 3) — 0.89, for four-level (depth 4) — 0.88, for five-level (depth 5) — 0.86. Comparative results
of experimental studies are presented in Fig. 1.

Analysis of the relationship between the depth of stacking and the components of the
generalization error showed that for depths 1-3, the bias decreases with increasing depth, while the
variance remains relatively stable. For depths greater than 3, an increase in the variance is observed
due to the accumulation of errors from previous levels, which leads to a decrease in the generalization
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ability. The relationship between the depth of stacking and the components of the generalization error
is presented in Fig. 2.
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Fig. 1. The influence of the depth of the stacking ensemble on the generalization ability
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Several methods were used to increase the generalization ability of stacking ensembles at
different depths. The use of meta-model regularization allowed to reduce the variance by 15-20% for
deep ensembles. The use of cross-validation for training meta-models allowed to reduce overfitting
and increase the generalization ability by 3-5%. The use of heterogeneous base models allowed to
achieve the best generalization ability with an F1-measure of 0.89 at a depth of 3. The comparative
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effectiveness of different methods for increasing the generalization ability at different stacking depths
is presented in Fig. 3.
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Fig. 3. Comparison of the effectiveness of methods for increasing the generalization ability
at different depths of the stacking ensemble

A comparative analysis of the influence of the depth of the stacking ensemble on the
generalization ability of the models showed the following patterns:

1. Shallow ensembles (depth 1-2) provide relatively high generalization with minimal
complexity, but may have limited expressiveness for complex dependencies.

2. Medium depth (depth 3) is optimal balance between generalization and model complexity,
providing maximum performance for most tasks.

3. Deep ensembles (depth 4-5) can achieve high accuracy on training data, but have reduced
generalization due to error accumulation and meta-model retraining.

Conclusions. The presented study considers the influence of the stacking ensemble depth on
the generalization ability of academic achievement prediction models and conducts a comparative
analysis of the performance of different ensemble architectures. The methods for assessing the
influence of the stacking depth on the generalization ability of models and assessing their
effectiveness for different types of prediction tasks are systematized. The proposed approach allows
us to justify the choice of the optimal stacking ensemble depth for a specific task depending on the
data characteristics and the performance requirements of the models.

Experimental results have shown that the generalization ability of academic achievement
prediction models depends on the stacking ensemble depth, with the optimal depth being at level 3.
For three-level stacking, the maximum generalization ability is achieved with an F1-measure of 0.89,
which exceeds the performance of one-level stacking by 7% and five-level stacking by 3%. The
stacking depth affects the balance between the bias and variance of the models, with the optimal depth
providing the minimum generalization error.
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Methods for improving the generalizability of stacked ensembles at different depths have
different efficiencies. The use of meta-model regularization is the most effective approach for deep
ensembles, allowing for a 15-20% reduction in variance. The use of cross-validation for training
meta-models and the use of heterogeneous base models also allows for increased generalizability,
especially for shallow and medium ensembles.

The correct choice of the depth of the stacked ensemble and methods for improving
generalizability can achieve significant improvements in the performance of academic achievement
prediction models, especially for critical applications where high accuracy and reliability of
predictions are required. For simple tasks, the use of shallow ensembles with regularization
techniques is sufficient, while for complex tasks a combination of several methods for improving
generalizability may be required.

Further work will focus on developing adaptive methods for determining the optimal depth of
a stacking ensemble, which automatically determine the optimal depth depending on the data
characteristics and the type of problem, and studying the impact of the choice of base models on the
optimal stacking depth. Further directions of work will focus on the development of adaptive methods
for determining the optimal size of the training sample, which automatically determine the optimal
size depending on the characteristics of the data and the type of model, and on the study of the impact

of class balancing on the stability of models with different sizes of training samples.
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Mema. [[ocniodicenns cnpsamogane Ha KOMAAEKCHUL AHANI3 6NAUGY SIUOUHI CIEKIH208020 aHCamOII0
HA Y3A2albHIOOYY 30amHIiCmb  Mooenel NPOSHO3Y8AHHS AKAOeMIYHOI YCHiWHOCMI ma 6U3HAYEHHs
ONMUMANBHOT 2IUOUHU CIEKIH2Y 0151 O0CACHEHHS MAKCUMATbHOT NPOOYKMUBHOCHIE MA HAOILHOCMI NPOSHO316.
Memoro pobomu € po3podoxa memooono2ii OYiHKYU 3aNeHCHOCE MIdIC 2TUOUHOI0 CIMEKIH208020 aHCAMONIo ma
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NOKA3HUKAMU V3A2AlbHEHHS Mooeell, d MAKONC BUBHAYEeHHS PeKOMeHOAyill wooo ubopy OnmumdaibHOL
apximexmypu aHcamonio 01s 3a0a4 NPOSHO3YEAHHS AKAOEMIUHOT YCRIUHOCH.

Memoouxka. Memoouka OOCHIONCEHHSI  IPYHMYEMbCS  HA — EKCNEPUMEHMANbHOMY — aHANI3E
NPOOYKMUBHOCHI CMEKIH208UX AHCAMOTI8 Pi3HOI enubunu (8i0 1 00 5 pignis) 015 NPOcHO3Y8AHHI AKAOEMIYHOL
yeniwHocmi 3000y8avis. bBazosi modeni exnmouaroms aocicmuuny peepecito, Random Forest, Gradient
Boosting, Support Vector Machine ma neiiponuni mepesici. OQyinka y3a2anbHioiouoi 30amHocni 6UKOHYEMbCs
3a donomoeoro mempux mournocmi, F1-mipu, AUC-ROC ma xoegiyicnma demepminayii Ha He3aANEHCHUX
mecmosux ubipkax. 3acmocoeano cmpamu@ikosany Kpocc-eanioayilo  Oas  OYiHKU —cmabiibHocmi
pesyrvmamie ma aHanizy 6NAUGy eIUOUHU CMeKIH2Yy Ha OUCHEPCIt0 MA 3MIUeHHsI MOOeell.

Pezynomamu. Excnepumenmansvhi pe3yibmamu 0eMOHCMPYIOMb HEMPUBIANbHY 3ANEHCHICIb MIdC
2UOUHOIO CMEKIH208020 AHCAMOIIO MA Y3A2ANbHIOIOY0I0 30aMHICmIo Mooenell. [[isi 00HOPieHe8020 CMeKiH2y
(enubuna 1) ysaeanvhioroua 30amuicms ckradae 0.82 3a mempuxoio Fl-mipu, ons 0eopisuesoeo cmekiney
(enudbuna 2) — 0.87, ona mpupisnesozo (erubuna 3) — 0.89, ons womupupienegoeo (earubuna 4) - 0.88, ons
n'smupienesozo (enubuna 5) — 0.86. Buseieno onmumanvHy eaubuny cmekiney Ha pieni 3, npu ki
00CA2AEMbCS MAKCUMATBHA V3A2ANbHIOYA 30aMHIiCMb 6e3 3HaUH020 30inblueHHs cKiaoHocmi modeni. Ilpu
enubuni Oinbuwe 3 PIGHIB CHOCMEPI2AEMbC 3HUIICEHHS V3A2ANbHIOIOYOI 30amMHOCMI Yepe3 HAKONUYEHHS.
NOMUNOK Ma nepeodyuenus mema-mooenell. Bcmanosieno, wo enubuna cmexingy eniugac na OALAHC Midic
SMIWEHHAM Ma OUCNEPCIEI0 MOoOenel, NPUYOMY ONMUMANbHA 2AUOUHA 3a0e3neuye MiHIMATbHY NOMUIKY
V3aeanbHeHHsl.

Hayxkoea nosusna. Ilposedeno ananiz eniugy 2aubUHU CMeKiHe08020 aAHCAMONIO HA V3A2ANbHIOOY)
30amuicmy  Mooenell NPOSHO3VEAHHS AKAOEMIYHOI YCHIUWHOCMI, WO 6KIIOYAE MeOPemudnull aHaai3
3ANeHCHOCNT MidC 2NTUOUHOKW CMEKiH2y ma KOMNOHEHMAMU NOMUIKU Y3A2alibHeHHS, eMNIPUYHi Memoou
BU3HAYEHHS ONMUMATbHOT 2AIUOUHY A NOPIBHANbHULL AHANL3 PI3HUX apXimekmyp ancamoOnie. Cucmemamuito
00CHI0JNCEHO BNAUE 2AUOUHU CIMEKIH2Y HA OAAHC MINC 3MIWEHHAM Mda OUCNEpCIel0 Moodenell Y KOHMeKCmi
NPOHO3Y8AHHA axkademiunoi ycniwnocmi. Po3pobneno pexomenoayii wo0o ubopy onmumanbHoi enubuHu
CMEKiH208020 AHCAMOIIIO 3A1EAHCHO 8I0 XAPAKMEPUCTNUK OAHUX A UMO2 00 NPOOYKIMUBHOCTI MOOEIEl. .

Ilpakmuuna 3nauumicme. Ompumani pesyrvmamu 003601510Mb OOIPYHMYBAMU GUOID ONMUMATLHOT
2UOUHU CTNEKIH208020 AHCAMOMIO 0151 3A0aY NPOSHO3YBAHHSL AKAOEMIYHOT YCNIWHOCTI, WO 3a0e3nedye BUCOKY
MOYHICb NPOSHO3I8 NpU MIHIMANbHIU cKlaoHocmi modeni. Po3pobneni pexomenoayii moocyms Oymu
3ACMOCO8ati 8 cucmemax YAPAasiiHHA OCEIMHIM NPOYecoM, CUCTNEMAX DPAHHbLO2O BUSGTIEHHS CMYOeHmis 3
PUBUKOM HEYCRIWHOCMI ma adanmueHux oceimuix niamgopmax. Buznauenus onmumanvHoi enubumu
CmeKiHzy 0036075€ ONMUMIZY8aMU GUKOPUCIMAHHA OOUUCTIOBANILHUX pecypcie ma 3abe3neuumu GUCOKY
HAOIUHICMb NPOCHO318 Y NPAKMUYHUX 3ACTHOCY8AHHSX.

Knwuosi cnoea: cmexineoguii ancambnb, 2aubuna amcamoOno; y3a2aibHioONYa 30AMHICIHb,
NPOCHO3YB8AHHS AKAOEMIYHOT YCRIWHOCMI; MAWUHHE HABYAHHS, aHcambaesi memoou, Python.
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Mema. Ananiz cyyachux IHQOPMAYIHUX MEXHOA0SI MOOen08aHHs Oi3Hec-npoyecie ma
00TpYHMY6aHHsL IX 3aCMOCY8aHHs Ofsi NIOBUUWEHHA eQeKMUGHOCMI YNPAGNIHHA 3aKIa0amu oceimu
RIONPUEMHUYBKO20 MUNY.

Memoouka. Y pobomi suxopucmano memoou CUCMEMHO20 AHANI3Y, NOPIBHAILHOZO OOCAIONCEHHS,
MoOenoeanusi Oiznec-npoyecie (30kpema Homayii BPMN ma UML), a makxosc memoou cmpyKmypHo-
@ynxyionanvrozo awnanizy. Ilposedeno yzacanvueHHsi HAYKOGUX RNiOX00i6 00 yugposoi mparchopmayii
OCBIMHIX YCMAHOB.

Pesynomamu. Y x00i Oocniodicennss eusHaveno mpu epynu 0Oizuec-npoyecieé 3axkaiadié oceimu
NIONPUEMHUYLKO20 MUNY. OCHOGHI, YRpaenincuki ma niompumyioui. Pospobneno icpapxiuny cmpykmypy
npoyecie 3a pisHAMU YAPABAIHHA (cmpameziunui, maxmuynutl, onepayiinuil). O6IpyHmo8ano 0oyiibHicmb
suxopucmantss BPMN 0ns modemosanns npoyechoi nociku ma UML 0ns npoexmyeanns inghopmayitinux
cucmem. 3anpononogano inmezpogany moodenv yu@posoi ezacmoodii LMS, CRM, ERP ma Bl-cucmenm.
TIlobyoosano yzacanvheny apximexmypy yugposoi cucmemu YnpasiiHHs 3aK1a00m 0Ceimu.

Haykosa nosusna. llonsicae y pospodyi inmezposarnozo nioxody 00 Mooemno8anis bizHec-npoyecie
3aK1a0i8 0cimu NIONPUEMHUYLKO20 MUNY HA 0cHo8i noeoHanus BPMN ma UML. ©@opmysanni y3acanvheHoi
bacamopisrnesoi Modeni oc8imHbOI opeanizayii ax €Ouroi yu@posoi exocucmemu. Busnauenni mexarnizmy
83aeM00Ii OizHec-npoyecié ma IHOOPMAYIUHUX CUCEM Y MEXNCAX THMeSPOBAHOL apXimeKmypu YnpaeiiHHsL.
Obrpynmyeanni Kouyenyii nepexody 6i0 Npoyecno2o MOOemo8anHs 00 ABMOMAMU308AH020 YNPAGIIHHA
ocgimHimM cepedosuujem

Ilpakmuuna 3nauumicme. [lonsgeae y Moxciugocmi — 3acmoCy8anHsA — pe3yibmamis  Ojis:
agmomamuzayii  YAPasuiHCLKUX npoyecie 'y 3aKnaoax oceimu; Npo8aodCceHHs yupposux niamepopm
VYIPABNIHHA HA8UAbHUM npoyecom,; inmezpayii LMS, CRM ma ERP-cucmem y eOuny ingpopmayiiny cucmemy;,
nIOBUWEHHS eheKMUBHOCMI NPULIHAMMSL YAPAGIIHCOKUX PIlieHb;, Onmumizayii pecypcié ma 3HUINCEHHS.
BUMPAM HA YNPAGAIHHSA OCEIMHBOIO OISIbHICTIIO.

Knrouoei cnosa: 6isnec-npoyecu; BPMN; UML; 3axnao oceimu nionpuemnuyokozo muny,; yugposa
mparncpopmayis; iHpopmayitini cucmemu, MOOeOBAHHS.

Beryn. CywacHuil eram po3BUTKY CYCIUIBCTBA XapaKTEPU3YETHCA TIMOOKOK IU(POBOIO
TpaHchopMalli€ro, sika OXOIUTIOE BCi chepu AiIsTBHOCTI, BKIIOYaouu ocBiTy [1—4]. 3aknamu ocBiTH
nenani dactime (QyHKI[IOHYIOTh SK CKJIAIHI COIialbHO-€KOHOMIYHI CHCTEMH, IO TOEIHYIOTH
OCBITHIO, IHHOBAIIIHY Ta MiAIPUEMHHULBKY TisUIbHICTE. OCOOIMBO 11€ CTOCYEThCS 3aKJIaJliB OCBITH
M IMTPUEMHUIIBKOTO TUITY, SIK1 OPIEHTYIOTHCS HE JIMIIIE Ha HATAaHHS OCBITHIX MTOCITYT, aJI€ i HA aKTUBHY
B3a€MO/III0 3 PUHKOM, PO3BUTOK 1HHOBAIIill Ta (opMyBaHHS J10JJaHOI BapPTOCTI.

VY Takux ymMoBax TPaJWIiiHI MIIXOIU 10 YIPABIIHHS CTalOTh HEAOCTAaTHHO €(HEKTUBHUMH.
Bunukae norpeba y BOpOBaKEHHI Cy4yaCHMX iH(OPMALiIHHUX TEXHOJOTIH [5], 1m0 A03BONAIOTH
aBTOMATU3YBAaTH YIPABIIHCHKI TPOILECH, 3a0e3MeUuTH IiX MPO30piCTh, KOHTPOJIHLOBAHICTH Ta
ananTuBHICTb. OIHMUM 13 KJIIOUOBHX IHCTPYMEHTIB y IIbOMY KOHTEKCTI € MOJENIOBaHHS Oi3Hec-
MpoIIeCiB, sIKe 103BOJsiE (popManizyBaTh MisSIBHICTH OpraHizarlii, BU3HAYUTH CIa0Ki MiCIsl Ta
ONTHUMi3yBaTH BUKOPUCTAHHS PECYPCIB.

Taxkum 9uHOM, JOCITIKEHHS 1HGOPMAIIHHUX TEXHOJIOT1M MOACIIOBaHHS Oi3HEC-TIPOIIECIB Y
3aKJIaJjaX OCBITH MIANPUEMHHIIBKOTO TUITY € aKTyaJIbHUM HAYKOBHM 1 MPAKTUYHUM 3aBIAHHSIM.

AHai3 monepeaHix aocjimkeHb. [lutanas MozemoBaHHs Oi3HEC-TIPOIIECIB € TPEAMETOM
YHUCJICHHUX HAyKOBHUX JOCHIIKEHb Yy Taly3sxX iH(GOpMAamiifHUX TEXHOJIOTiH, MEHEIKMEHTY Ta
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CHCTEMHOI'0 aHalizy. 3HauHa yBara MNPHIUIETBCS po3polui MeToniB ¢opmaiizanii JisuIbHOCTI
oprasizarliii, 30kpema 3 Bukopuctanasm Hotamiiit BPMN, UML, IDEFO0 ta inmmx.

CydJacHi JOCHTIDKEHHSI JEMOHCTPYIOTh, 10 3actocyBanHs BPMN no3Bomsie edekTHBHO
OMHUCYBAaTH CKJIAJIHI O13HEC-TIPOIIECH, BPAXOBYIOUM B3a€EMOJII0 MDK PI3HUMH YyYaCHUKaMHU Ta
iHpopmaniiinumu notokamu [6-8]. UML, y cBowo 4yepry, LIMPOKO BHUKOPHUCTOBYETbCS IS
MPOEKTYBaHHS 1H(POPMAITIMHUX CUCTEM, SIK1 ATPUMYIOTH IIi TIPOIECH.

Oxpemuii HampsiM JOCIIKEHb MPHUCBSIYEeHUI 1dpoBii TpaHchopmanii ocBitu [9-13]. ¥V
HAYKOBUX TPAISIX PO3TIISIAI0THCS MMTAHHS BIPOBAKCHHS €JICKTPOHHOTO HaBYaHHS, BHKOPUCTAHHS
iHpOpMaLiIHUX CUCTEM YIPABIiHHS HABUAIBHUM IIPOLIECOM, a TAKOXK 1HTErpaLlii OCBITHIX I1aTdopm
3 IHIMMMH THGPOBUMH CEpBiCaMH.

Boanouac anani3 mitepaTypu moKa3ye, [0 HeJJOCTATHBO AOCTIKEHUM 3aTTUIIA€THCS TUTAHHS
KOMILUIEKCHOTO MOJICIIIOBaHHs 013HEC-TIPOIIECIB caMe 3aKJIaIiB OCBITH MiAMPUEMHUIIBKOTO THITY, SKi
MOEIHYIOTh OCBITHIO Ta MiANPUEMHMULBKY isUIbHICTh. Lle 3yMOBIIO€ HEOOXIAHICTH MOAATBIINX
JOCITIJKEHD Yy TAHOMY HampsiMi.

ITocTanoBKka 3aaa4i. OCHOBHOIO 33J1aue0 JJOCIIKEHHS € po3p00Ka TEOPETHUKO-METOAUYHHUX
3acaji 3aCTOCYBaHHS 1H(POPMAIITHUX TEXHOJIOT1M MOJICTFOBaHHsI 013HEC-TIPOIIECIB Y 3aKJIaiaX OCBITH
MiIPUEMHUIIBKOTO THITY.

Jlnst qOCSITHEHHSI TTOCTABJICHOI METH HEOOX1IHO BHPINIMTH TaKi 3aBIaHHS: MpOaHATI3yBaTH
cydacHi iH(opMariiiHi TexHOJOrii MOJENOBaHHS Oi3HEC-TPOIECiB; BU3HAYUTU CTPYKTYpY Ta
0COOIMBOCTI O13HEC-TIPOIIECIB 3aKJIa (iB OCBITH M1 AMTPUEMHHUIILKOTO THITY; OOTPYHTYBATH JOIIJIbHICTD
Bukopuctanids BPMN ta UML st iX mMopnentoBaHHS; pO3pOOHTH y3aralibHEHY MoJienb Oi3Hec-
MPOIIECIB; 3ampOINOHYBAaTH KOHIICMINI0 1HTErpaii iHGOpMamiiHUX CHUCTEM JUIsl aBTOMAaTH3aIlil
YIpaBIiHHS.

Pe3yabTaTH AocaigKeHb. 3aKiaand OCBITH MIJNPUEMHUILBKOTO THUIY XapaKTEPHU3YIOTHCS
OpIEHTAIlIEI0 HAa PUHOK OCBITHIX IIOCIYT, aKTUBHOIO B3aEMOJIEI0 3 OI3HEC-CEPEIOBUIIEM Ta
BIIPOBADKEHHSAM 1HHOBaIi# [14-15]. Ix misuTbHICTD BKJIIOYAE HE JIUINEC HABYATBHUI npotiec, ane u
KOMEPIIIHHY MisUTHHICTH, 110 MOB’sA3aHa 3 HaJaHHSIM JOJATKOBHUX TOCIYT, pealli3alli€lo MPOEKTIB Ta
3ajgydeHHsM iHBecTHLid. Taki 3aknagu (yHKLIIOHYIOTh y JTUHAMIYHOMY CEPEIOBHII, 1[0 BUMarae
BHCOKOTO PIBHS JIalITUBHOCTI Ta €)EKTUBHOTO YIIPABIIiHHS.

VY xoni pocnipkeHHS OyJ0 BU3HAYEHO TPU OCHOBHI IpymH Oi3HEC-TIPOIECIB: OCHOBHI
MPOIIECH, YIPABIIHCHKI MPOIECH, MATpUMYI0Ui rporiecH [16].

OcHoBHI TpoliecH (core processes) — e KIYO0BI MPOLECH, Ki 0e3MocepeIHb0 CTBOPIOIOTH
OCBITHIO IIHHICTH 1 (HOPMYIOTh OCHOBHHUI MPOAYKT 3aKJIay — OCBITHIO ITOCIYTY.

Oprani3aiiisi OCBITHBOI'O MpOIECY OXOIUTIOE TOBHHMM LMK IUIAHYBaHHS, peaizamii Ta
KOHTPOJIIO HABYAJIBHOI JISUTBHOCTI: (JOPMYBaHHS HaBUAJBHUX TPYI 1 PO3KIAAY 3aHITh; PO3MOILIT
HABYAJIbHOTO HABAaHTAKEHHS MK BUKIAJadaMU; YIPABIiHHS ayJUTOPHUM (POHAOM 1 pecypcamu;
MpOBEACHHS 3aHATh (Oo(JaiiH, OHJIAMH, 3MIlIaHE HAaBYAaHHS); MOHITOPUHT BIJBIIYBAHOCTI Ta
aKTUBHOCTI CTYAEHTIB. Y MIANPUEMHUIIBKOMY 3aKjaJi OCBITH LEH MpOIEeC TaKOX BpPaxOBYE
THYYKICTh — MOXJIMBICTb IIIBUJKOTO 3aITyCKy HOBHX KYPCiB BIIIMOBITHO 70 TOTPEO PUHKY.

Po3po0ka Ta OHOBJICHHS! HABYAJIBHUX MIPOTpaM — I1€ IHHOBaLIHO-OPi€EHTOBAHUHN MPOLIEC, SIKHH
BKJIIOYAE: aHAJII3 PUHKY TIPaIli Ta OCBITHIX TPEHIIB; BU3HAUYCHHS KOMIIETEHTHOCTEH, IKUX IMMOTPEOYIOTh
poOOTO/ABII; MPOEKTYBAHHSA CTPYKTYPU OCBITHIX Mporpam (AMCHMIUTIHM, MOJIYM, pe3yJibTaTH
HaBYaHHS); TTOTO/PKEHHS MPOTpaM 13 30BHINMIHIMU CTEUKXoepamu (O13HEC, EKCIIEPTH); PEryJspHe
OHOBJICHHS 3MICTy KypcCiB. Y 3aKiajgax MiJIpHEMHHUIBKOTO THITY LIEH MpOLEC YacTo BiOYBAEThCS Y
CHIBITpaIll 3 KOMITaHISIMU-TIAPTHEPAMHU, 110 3a0e3Meuye MPaKTHIHY CIPSIMOBAHICTh OCBITH.

OniHroBaHHS pe3y/bTaTiB HABYaHHS Nepeadavae: po3poOKy CUCTEMH OLIHIOBaHHS (KpuUTepii,
IIKaJIM, 1HAWKATOpHW); MPOBEACHHS IMOTOYHOTO, MOAYJIBHOTO Ta TMiJCYMKOBOTO KOHTPOIIIO;
BUKOPHUCTaHHA TECTOBUX CHCTEM, NPOEKTHHUX pOOIT, KeWCiB; aHalli3 pe3yiabTaTiB HaBYAHHS;
3BOPOTHUH 3B’SI30K JJISl CTYJICHTIB.
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Cyuachi IT-pimeHHst JO3BOJSIOTH aBTOMATHU3yBAaTH IIEW TPOLEC, BKIIOYAIOUM AHATITHKY
YCHINTHOCTI Ta MPOTHO3yBaHHS PU3UKIB HEYCHIIITHOCTI.

VYnpaBiaiHHS SKICTIO OCBITH — II€ HACKPI3HUU NpOLEC, KWW OXOIUIIOE: BHYTPIIIHIA ayauT
OCBITHIX MPOTpaM; OMUTYBAaHHS CTYJEHTIB 1 pOOOTOMABIIIB; aHAI3 MOKA3HUKIB SIKOCTI (YCIIIIHICTB,
MpaLeBIaAlITYBaHHs, 3a/J0BOJICHICTD); aKpeaUTaLilHI MPOIelypH; BIPOBAKEHHS MOKpameHb. Y
MIIPUEMHUIBKUX 3aKJIa/1aX OCBITU SKICTh YacTO PO3IJISIIAETHCS SIK KOHKYpEHTHA IepeBara, ToMy
1eH TpolIeC IHTETPYETHCS 3 MAPKETUHIOM 1 CTPATETi€l0 PO3BUTKY.

YnpaBniHCBKI TIporiecu (management processes) — Iii PoIecH 3a0e3Meuy0Th CTpaTeridyHe Ta
OIlepaTUBHE YIPABIIHHS 3aKJIaZOM.

Crpareriyde TUIaHYBaHHS OXOIUTIOE: (OpMYBaHHS Micii, OadeHHs Ta IIJIeH; aHam3
30BHIIIHBOTO CEpe/lOBHIA (PUHOK OCBITH, KOHKYpPEHIIiS); BH3HAUEHHsS CTPATEriuHUX HAIpPsSMIB
PO3BHUTKY; IJIAHYBaHHS OCBITHIX MPOMYKTIB 1 TOCIYT; OIIHKY €(PEeKTUBHOCTI peasizallii cTparerii.
Jljis mignpueMHUIIBKUX 3aKJIa/1iB XapaKTepHa OpIE€HTAIlIS HAa IHHOBAIIT Ta TUBEpCcU]IKaIliIO JOXOIIB.

diHaHCOBE yMpaBIIiHHS BKIIOYAE: OI0KETYBaHHS Ta (P iHAHCOBE TUTAaHYBAaHHS; OOJIIK TOXOIB
1 BUTpaT; YHOpPaBIiHHS IUIATHUMHU OCBITHIMH TOCIyraMH; KOHTPOJb (pIHAHCOBHX MOTOKIB; aHali3
ekoHoMIuHO1 edexTuBHOCTI Tporpam. llelr mpomec vacto iHTerpyerbcs 3 ERP-cucremamu Tta
aHATITUYHUMH 1IHCTPYMEHTaMH.

VYrpaBniHHS TNepcoHANIOM Tiepeadayae: MiAOIp 1 3aJydeHHS BHUKIAJAIbKUX KaApiB Ta
aJIMiHICTPATUBHOTO MIEPCOHANTY; OLlIHIOBaHHS €(DEeKTUBHOCTI NPAIliBHUKIB; OPTaHi3aIliI0 M ABUIICHHS
kBamidikaii; MOTHBAIlIIO Ta PO3BUTOK TEPCOHATY; VIPaBIIHHSI KaJPOBUMHU JaHUMH. Y
HiANPUEMHUIIBKUX 3aKJIa/1aX 0COOIMBA yBara NpuIUIA€ThCs 3aTy4eHHIO MTPAKTUKIB 13 Oi3HeCYy.

VYrpaBiiHHSI pHU3UKAMH OXOIUTIOE: 1IeHTH(IKAiI0 pU3UKiB ((IHAHCOBHX, pENMyTaIliiHUX,
OCBITHIX); aHaJli3 WMOBIPHOCTI Ta BIUIUBY PHU3HKIB; pO3pOOKYy 3ax0diB MiHIMI3aIlii; MOHITOPHUHT
pPHU3UKIB; pearyBaHHs Ha Kpu3oBi cutryauii. Llefi mpomec € KpUTHUYHO BaXJIMBUM B YMOBax
HECTallIbHOTO CEPEIOBHUIIIA.

[MiaTpumyroui mporuecu (support processes) — IIi MPOLEecH He CTBOPIOIOTH OCBITHIN MPOIYKT
Oe3nocepeHbo, ane 3abe3neuyroTh e(eKTHBHE (YHKIIOHYBAHHS OCHOBHUX 1 YIPaBIIIHCHKUX
MPOILIECIB.

IT-miarpumka BiIIOYae: amMiHicTpyBaHHsA iH(opmariitHux cuctem (LMS, CRM, ERP);
TEXHIYHY HIATPUMKY KOPUCTYBayiB; 3a0e3MeyueHHs KibepOe3neKku; iHTerpauio mporpaMHuX pillieHb;
po3BuTOK 1H(ppoBoi iHPpacTpykrypu [17-18]. Ile KpUTHYHO BaXMHMBHUI MpoIEC y KOHTEKCTI
g poBizallii OCBITH.

MapkeTHHT 1 TIPOCYBaHHS OXOIUTIOE: aHa3 PUHKY OCBITHIX TOCTYT; (OpMyBaHHS OpeHIY
3aKJIay; peKJIaMHi KaMIlaHil; poOoTy 3 colialbHUMH MEpeXaMu; 3aTy4eHHs abiTypi€HTIB 1 apTHEPIB.

VY mianpueMHUIIBKUX 3aKIagaxX OCBITH MAPKETHHT Ma€ CTpaTeTriuHe 3HAUYCHHS.

AnmiHicTpaTuBHE 3a0e3meueHHs nepeadayae: TOKyMEHTOO00Ir; oprasizaiito podotu odicy;
IOpUJIMYHUN CYIIPOBiJ; 3a0€3MEeUeHHs] MaTepiaJbHO-TEXHIYHOT 0a3u; KOOpJAWHAII0 BHYTPIITHIX
MIPOIIECIB.

KomyHnikariii 31 cTeikxoyepaMu BKIIFOYAIOTh B3AEMOJIIIO 13 CTYJACHTAMH, BUITYCKHUKAMH,
poOOTOABIIMH, TApTHEpAMHU Ta JAep)KaBHUMHU opraHamu. Llei mporec 3a0e3rnedye 3BOPOTHHIM
3B’SI30K, PO3BUTOK MapTHEPCTBA Ta MiABHUILEHHS peryTallii 3akiaay.

VYci Tpu rpynu 6i3Hec-TpoIeciB TICHO B3aeMOIOB’s3aHi. OCHOBHI NPOLECH CTBOPIOIOTH
OCBITHIO IIIHHICTh, YIPaBIiHCHKI BH3HAYAIOTh HAMNpsM PO3BUTKY, a MIATPUMYIOUl 3a0€3MeUyIOTh
pecypcHy Ta TEXHOJIOTIYHY OCHOBY.

Ix edexTnBHE DYyHKIIOHYBAHHS MOK/IMBE JIMIIE 32 YMOB: iHTETpallii B €MHY iHpOpMAaIiiiHy
cucTeMy; BUKOpUCTaHHs cydacHuX IT-TexHomoriil; noctiiiHoro ananizy ta ontumizarii. Came Taka
CHUCTEMHA OpraHi3allis IpoIeCiB € OCHOBOK sl (hOpMYyBaHHSI KOHKYPEHTOCIIPOMOKHOTO 3aKJIaTy
OCBITH MIANPUEMHHUIIBKOTO THITY.
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3aksaj OCBITH HiANPUEMHHUIIBKOTO TUIY (DYHKIIIOHYE sIK OaratopiBHEBa CUCTEMa, Yy AKiil BCl
MpoIecy 1HTErpoBaHi B €auHe iH(OpMmalliiiHe cepemoBuie. Y Tabia. 1 HaBelaeHO iepapxiuyHy
CTPYKTYpY Oi3HEC-TIPOLECiB 3aKIa/liB OCBITH MiANPUEMHHUIIBKOTO THITY.

Tabnuys 1
Iepapxiuna cTpykTypa Gi3Hec-IpoueciB 3aKj1a1iB OCBITH MiANPHEMHHIBKOI0 THILY
PiBenb Tun OcHoBHI L .| OuikyBanuit QCO6HHBOCT1 A
. . 3MiCT IisTbHOCTI 1 ITPUEMHUITBKOTO
YIPaBJIiHHSA | IPOLIECIB |  MPOIECH pe3ynbTar -
Crpare- Crpare- |®opmyBanHs |BusHaueHHs UYitka ctpateris | OpieHTaris Ha
TYHUT Ti4H1 Micii Ta HaIpsIMiB PO3- PO3BUTKY PHHOK OCBITHIX
OaueHHs BUTKY 3aKIIaay OCITyT
Crpareriude |Awnami3 cepeno- |JloBroctpokoBi |['Hy4YKicTb 1 IBHIIKA
TUTAHYBaHHS | BUINA, TIOCTa- TUTaHH aJanTanis
HOBKa IiijIei
VYupasniaas | BopoBamkenns | [HHOBaIiiiHI AKTHBHA CIIBIpAaIs
IHHOBAIIISIMH | HOBUX OCBITHIX  |TPOTpaMH 3 0i3HECOM
IPOJYKTIB
VYupasninas | PopMyBaHHS Konkypenrtocnpo | Komepritianizaris
noptdenemM | OCBITHIX MOXHI1 POrpamMH | OCBITH
nporpam MIPOJTYKTIB
Taxktnunuii | Yopas- | Ynpasninas |[lnanyBanns ta | SIkicHa opraniza- | OpieHTallis Ha
JIHCBKI | OCBITHIMH KOOpMHAIIiS i OCBITHLOI'O KOMIIETEHTHOCTI
nporpaMamMu | HaBYaHHS nporecy
@inancose |bromxeryBanns, |EdexTuBne Jusepcudikarrist
IUTAHYBaHHSL | KOHTPOJIb BUTPAT |BUKOPUCTAHHS | JOXOJIIB
pecypciB
VYupasninas | 3anydeHHs, po3- |KBamidikoBanuit | 3amydeHHs
NIEPCOHATIOM | BUTOK, OIIIHIO- nepcoHal eKCIepTiB-
BaHHsI KaJpiB MIPaKTHKIB
MapketuHr i | AHami3 puHKy,  |3amydeHHS OcBiTa sIK MPOAYKT
IPOCYBaHHS |peKkiiama CTYJICHTIB
Onepa- Omnepa- |Opranizauis |IIpoBeneHus Peamnizais I'myuki popmatu
IAHUH ifH1 HaBUYAJIBHOTO |3aHSATh, KOHTPOJIb | OCBITHIX MOCTYT |HaBYaHHS
11001 (9% BiJ[BITyBaHOCTI
OuinroBanns | KonTpons 3Hanb, |O0’€KTHBHA ABTOMaru3aris ta
pe3yabTaTiB | aHaNI3 yCHill- OLIiHKa aHaJIITHKA
HOCTI
AnmiHicT- JokymenToobir, |besnepebiitna Hudporizais
paTuBHI KOOPIMHAIIIS poborta 3aknamy |MpoIeciB
nporecu

lepapxiunuil miaxia 103BOJISE:

Y3TOUTH CTPATETivyHi I[iIi 3 MOBCAKIEHHOIO isUIbHICTIO;
3a0€3MeYnTH KEPOBaHICTh 1 KOHTPOJIb MPOIIECIB; IHTErPyBaTH BC1 PiBHI B €JUHY CUCTEMY YIIPABIIIHHS;
HiABUIIUTH €(PEKTUBHICTD TPUHHATTS PillICHb.
V 3akagax OCBITH MIAMPUEMHHUIILKOTO THUITY 1151 I€papXisi Ma€ KIIFOUOBY OCOOIMBICTD — BUCOKY
JMHAMIYHICTh, TOOTO IIBHUIKWI MEpexia pillleHb 31 CTPATEriuHOro PiBHA /0 ONEpaliifHOro yepes
u(poBi CUCTEMH YITPABIIHHS.
3akyaiu OCBITH HIANPHEMHUIIBKOTO TUITY (PYHKLIOHYIOTh Y IPUHIIUMIIOBO 1HIIIN Mapagurmi,
HDK TpaJuIliiiHI OCBITHI yCTaHOBH. BOHN HE 0OMEXYIOThCS BUKOHAHHIM CYTO OCBITHBOT (DyHKIIII, a
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BUCTYNAIOTh SIK CKJAagHI BIAKPUTI COLIQJIbHO-€KOHOMIYHI CHUCTEMH, IHTETPOBaHI B PHHKOBE
cepenoBuiie. lle 3ymMoBiIIO€ GaraTOBUMIPHICTh iX MISTIBHOCTI Ta MOTpeOy B UITKIM opranizaiii
BHYTPIIIHIX MPOIECIB.

[Tepenycim, crienndika TaKOro cepeOBHINA BU3HAYAETHCS TTOETHAHHIM PI3HOPITHUX BUJIIB
TiSUTBHOCTI. Y MeXax OJHOTO 3aKiaqy OJHOYACHO Peali3yloThCs: OCBITHI TpoIlecH (HAaBYAHHS,
OIliHIOBaHHS, (POPMYBaHHS KOMIIETEHTHOCTEH); yIpaBIiHCHKI Tpoliecu (TUTaHyBaHHS, KOHTPOJb,
KOOp/MHAIIIS pecypciB); KOMepIIiiiHi mpouecu (IIpOCYBaHHS OCBITHIX MOCIYT, B3a€EMOIiSl 3 PUHKOM,
3asy4eHHs ()iHAHCYBAaHHS).

Li mporiecu MarOTh pi3HY JIOTIKY, Pi3HI LI Ta Pi3HI KpUTEpii €(hEeKTUBHOCTI, ajie P LbOMY
MOBHUHHI (DYHKIIIOHYBAaTH Yy3roJkeHo. Hampukiman, pimeHHS 00 BIAKPUTTS HOBOI OCBITHBOT
MpOrpaMy OJTHOYACHO BIUIMBAE HA HABUAIbHE HABAHTAKCHHS BUKJIaadiB, (DiHAHCOBE MJIAHYBAaHHS,
MapKEeTHMHTOBY CTpaTerito Ta B3aEMOJII0 3 poOoTtomaBmsmu. be3 ditkoi dopmamizamii Taki
B32€MO3B’SI3KH CTAIOTh CKJIQJHUMU JJIs YIIPABIiHHS.

JpyrumM BaKJIMBHM acCIEKTOM € BeJMKa KUIbKICTh YYaCHHKIB (CTCHKXOJIZIEPIB), sKI OEpyTh
y4acTh y mporiecax. Jlo HUX HaJlIekaTh: CTY/ICHTH SIK OCHOBHI CIIO’KMBaYi OCBITHIX MOCTYT; BUKJIaaadi
SIK HOCI1 3HaHb 1 BHKOHABIII OCBITHBOTO IPOIIECY; aAMIHICTPAaTUBHHUM MEpCOHAT, poOOTOMABII Ta
0i3Hec-napTHEepH; Iep>KaBHI OpraHy Ta aKpeAUTAIiiHI IHCTUTYIII].

KoyxHa 3 1ux Tpym mae BIacHI IHTEpeCH, OYIKyBaHHS Ta BUMOTH. BiamoBigHO, mporecu
MOBMHHI BPaxOBYBATH Il iHTepecH Ta 3a0e3neuyBaTi e(heKTUBHY B3a€MOIII0 MK yCiMa CTOPOHAMH.
VY BiacyTHOCTI hopMali3oBaHOI MO 1€ MPU3BOAUTH 10 1H(OOPMAIIHHUX PO3PHUBIB, KOHMIIKTIB 1
Hee()EeKTUBHOCTI.

HacTtymHoo KIIFOYOBOIO XapaKTEPUCTUKOK € JIUHAMIYHICTH 30BHIINIHBOTO CEPEIOBHIIA.
PUHOK OCBITHIX TOCIYT MIBUIKO 3MIHIOETHCS TiJ BIUIMBOM: TE€XHOJIOTIYHOTO PO3BUTKY; 3MIH Yy
notpe0dax pUHKY IMpailli; KOHKYPEHIil M’k OCBITHIMH YCTaHOBaMM; TT00ai3aliifHuX MPOIIECiB.

Lle o3Hayae, M0 3aKJIaJ OCBITH MOBHHEH ONEPATUBHO aalTyBaTH CBOI porpamu, GpopmaTtu
HAaBYaHHS Ta YNPaBIIHCHKI Migxoaw. be3 dUITKO OMMCaHUX 1 CTPYKTYpOBAaHUX IIPOLIECIB Taka
aJlanTaIlis CTa€ XaoTHYHOIO 1 Hee(heKTUBHOIO.

BaxxuBy posib BiJlirpae Takok BUCOKUHN piBeHb U ppoBizamii. Y IisuIbHOCTI 3aKiIa/liB OCBITH
MIAMPUEMHUIIBKOTO THITY aKTUBHO BHKOPHCTOBYIOTHCS PI3HOMAaHITHI 1H(OpMaIliiHI CHCTEMH:
cucTeMH yrpaBiiHHsA HaB4aHHAM (LMS); cuctemu ynpaBiiHHS B3a€MOBIIHOCHHAMH 3 KJII€EHTaMHU
(CRM); (dhinancosi Ta pecypceni cucremu (ERP); anamituuni margopmu (BI) [19, 20].

Xoya 11l CUCTEMH 3HAYHO MiJABUIIYIOTh €(eKTUBHICTh POOOTH, iX BIPOBAKEHHS 0e3 €InHOi
MIPOLIECHOT MOJIEII YacTO IPU3BOIUTS 110 hparMeHTarlii iHdopMaliiHoro mpocropy. Jlani MoxyTs 1y0-
JIFOBATHUCS], IPOLIECH HE CUHXPOHI3YBATHUCS, a PILICHHS IPUIMaTHCS Ha OCHOBI HENOBHOI iH(OpMaItii.

VY pe3ynbTati 3a3Ha4CHUX 0COOIMBOCTEH BUHUKAE HIU3KA TUTIOBUX MPOOJIEM: HEY3TOIKEHICTh
MIPOLIECiB, KOJIM Pi3Hi MiIPO3LTH IIF0Th HE3aJIeKHO, 03 HiTKOI KOOPAMHAIIIT; TyOIFOBaHHS (PYHKIIIH,
110 TPHU3BOJUTH JI0 3aMBUX BUTPAT PECYPCIB; CKIATHICTh KOHTPOJIO, OCKUIBKH BIACYTHS MpoO30pa
CTPYKTYpa MPOILIECiB 1 BiAMOBIAATBHOCTI; HU3bKa MPO30PICTh JiSUIBHOCTI, 0 YCKIIAJIHIOE PUHHSATTS
YIPaBIIHCHKHUX PIIIEHB Ta 3HWKYE TOBIPY CTEUKXOJACPIB.

YcyHeHHs nuX mpo6ieM MOKIIMBE JIMIIE 32 YMOBHU IEPEX0ay 0 MPOIECHO-OPI€EHTOBAHOTO
MIJIX01y, KITFOYOBUM €JIEMEHTOM SIKOTO € hopmartizarlisi Oi3HeC-TpOIIECiB.

dopmaiizoBaHa MOJIENb TMPOLECIB BUKOHYE KilbKa KPUTHYHO BakiIMBHX (yHKuii. ITo-
repIne, BOHA YITKO OIUCYE JIOTIKY isJIBHOCTI: BH3HA4Ya€ TOCIITOBHICTH i, poJli YJaCHUKIB,
iHpopMaliiiHi MOTOKM Ta TOYKH NPUHHATTA pimeHb. Lle m03Boiisie CTPYKTYpyBaTH CKIAIHY
TUSITTEHICTD 1 3pOOUTH 11 KEPOBAHOIO.

[To-gpyre, Taka Mozaenb 3abe3meuye 3pO3yMUTICTh JUIS BCIX Y4YacHMKIB mporecy. Bona
BHCTYIIA€ YHIBEPCAITHPHOI MOBOIO KOMYHIKAIIll MIX yNpaBJiHISIMH, BUKIagadamu ta [T-¢daxiBisamuy,
1110 3HAYHO 3HWXKYE PU3UK HEMOPO3YMiHb.
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[To-Tpere, Qopmanmizaliisi CTBOpIOE OCHOBY Juid aBToMaru3aiii. YiTKO omucaHi IMporecu
MOXXYTb OyTH O€3MOCepeTHRO IHTETPOBaHI1 B IHPOpPMaIliifHI CHCTEMH, 1110 TI03BOJISIE: aBTOMATHU3yBaTH
PYTHHHI omeparii; 3/1iCHIOBAaTM MOHITOPHHI BHKOHAHHS IPOIECIB; BUKOPUCTOBYBATH aHAIITHUKY
JUTSI IPUAHSITTS PIIICHb.

TakuM dnMHOM, crenudika cepeloBUINA 3aKIaliB OCBITH MiANPUEMHULIBKOTO THUIY —
CKJIQJHICTh, JTWHAMIYHICTh, OaraTocy0’€KTHICTh Ta MHdpOBi3alisi — OO0 €KTUBHO 3yMOBIIIOE
HeoOXigHICcTh (hopMmanizanii 6i3Hec-mporeciB. Came BOHA BUCTYIAE (PYHAAMEHTOM JJIS MMiABUIIICHHS
e(heKTUBHOCTI yIpaBIiHHS, 3a0€3MeYeHHS MPO30POCTi TisITLHOCTI Ta peanizaiii ctparerii mudpoBoi
Tpancopmartii.

Buxopucranas BPMN y monentoBanHi Gi13HEC-POIIECiB 3aKIIa 1iB OCBITH MAMPUEMHHUIIBKOTO
TUIY € OOIPYHTOBAHHM SIK 3 METOOJIOTIYHOI, TaK 13 MPAKTUYHOI TOUKH 30py. L5 HOTalis 3a0e3neuye
CUCTEMHUHN MIAXIJ 10 OMKCY AISUTBHOCTI OpraHi3ailii, J03BOJISIOYHM MOETHATH YIIPABIiHCHKI, OCBITHI
Ta iHpOpMAalliliHi aCTIEKTH B €IMHY Y3rOMKEeHY MOJIENb. [i 3aCTOCYBaHHS € 0COONMBO aKTyaIbHHM B
yMoBax Iu(poBi3aIlii Ta 3pOCTaHHS CKJIAJHOCTI OCBITHIX CHCTEM.

BPMN (Business Process Model and Notation) e cnemiani3oBaHuM CTaHAAPTOM,
pO3pOO6IEeHNM caMe i OMMCY Oi3HEC-TIPOIECiB HE3aleXkHO Bif Tamysi ix 3acrocysamss [21]. Ti
TOJIOBHA TepeBara IoJyiara€ B TOMYy, 110 BOHA JJ03BOJIsE (opMalizyBaTh JisUIbHICTH OpraHizamii y
BUTJISIZII YITKO CTPYKTYPOBAaHMX IMPOIIECIB, AKI MalOTh BHU3HAYCHI BXOJHM, BUXOJHW, YYACHHKIB 1
MpaBWiia BHUKOHAHHS. 3aBIsKM BUKOpUCTaHHIO BPMN MoxnmmBO: JAeTanpbHO BigoOpa3uTH
MOCTIIOBHICTh iy MeXaxX Oyap-SKOro MpoIecy — Bil MPOCTHX ONEpariil 10 CKIATHUX
OaraTopiBHEBUX MPOLEAYP; Bi3yali3yBaTu B3a€MOJIII0 MIXK YYaCHUKaMH Yepe3 BUKOPUCTAHHS TYJIiB
(pools) Ta mopixok (lanes), 1m0 03BOJSE HITKO PO3MEXKYBATH BiAMOBIAAIBHICTh; BpaxyBaTH
aNTbTEPHATHBHI CIIEHApPii PO3BUTKY IPOIIECY 3a IOMOMOTOIO MOiH (events) 1 muTr031B (gateways), 110
0CO0JIMBO BAXKIJIMBO Ul BiIOOpa’keHHsS BapiaTUBHOCTI; MOJEIIOBATH MPOLECH Pi3HOI CKIIAQAHOCTI,
BKJTIOYAIOYH SIK JIOKAJIbHI OTIEpaIlii, TaK 1 MDKOpraHi3arliiiHi B3aEMO/Iii.

Jlist 3akna;iB OCBITH MIAMPUEMHHUIIBKOTO THUIY TakKa OPIEHTALls € KPUTUYHO BAKIUBOIO.
OcBiTHI# TIpolieC Yy IUX yCTaHOBAX HE € JIHIWHUM — BiH BKJIFOYa€ MHOXKHMHY €TalliB, TAKUX K HAOIp
CTYZEHTIB, (pOpMyBaHHS HaBUAIBHUX TPYII, OpraHi3allisi HaBYaHHS, OLIHIOBAHHS, 3BOPOTHHI 3B’ 30K
1 cynmpoBia BUITYCKHHUKIB. KOXeH 13 IMX eTarmiB Ma€ BIACHY JIOTIKY Ta MOXKE 3MIHIOBATHUCS 3aJICKHO
BiJl 30BHIIIHIX YMOB.

Kpim Toro, y Takux mporiecax iCHye 3Ha4Ha KiIJIbKICTh TOYOK MPUHHATTS PIllICHb, HAPUKIIA];
JOMYCK CTyAEHTa JO HaBYaHHA; BHOIp I1HAMBIAYalbHOI OCBITHBOI TPAEKTOPil; OLIHIOBAHHS
Pe3yNbTaTiB; KOPUT'YBAaHHS HABUAJIBLHUX MIPOTPAM.

He MeHI BaXITMBOIO € B3a€MO/Iis MK MiAPO3IUIaMU — HABYATbHUMHU, aIMIHICTPATUBHUMH,
¢dinancoBumu Ta MapketuHroBuMu. BPMN no3Bosnsie Hao4HO mMoka3aTu Ii B3a€MO3B’S3KH, IO
3a0e3rneuye y3roKeHICTh AISUTBHOCTI BCi€l opraHizaiii.

Onniero 3 kimovoBux mnepeBar BPMN e 1i Bucoka cTymiHb Bi3yaiizalli, 1o poouTs ii
yHIBEpCAJIbHUM 1HCTPYMEHTOM KOMYHiKalii. Ha BigMiHy BiJ TEKCTOBHMX ONHCIB a00 CKJIaJHHX
TexHIyHUX Monenel, BPMN-miarpamu MaroTh iHTYITUBHO 3p03yMiny rpadiuny Gopmy, sSKa JIETKO
CIpUIMaeThCS HaBITH KoOpHcTyBauamu ©Oe3 cmoemianbHOi IT-minroroBku. lLle 3abesmeuye:
3pO3YMITICTh MOJIENICH ISl MIMPOKOTO KOJIa KOPUCTYBAviB, BKIIIOUAIOUM KEPIBHUKIB, BUKIIAIAYiB,
anMinicTpaTopiB Ta IT-¢axiBuiB; cHpolleHHs KOMYHIKaii MK MHiApO3AUIaMH, OCKIJIBKH BCl
YYaCHUKH TPALIOIOTh 13 €JUHOI0 BI3yaJIbHOK MOJEIUII0; 3MEHIIEHHS PHU3UKY TOMHJIOK 1
HEMPaBUIIBHOTO TPAKTYBAHHS, 10 YaCTO BUHMKAE NPU BUKOPUCTAHHI HEPOpMaTi30BaHUX OMHCIB.

Y KOHTEKCTI 3aKJajiB OCBITH II€ Ma€ OCOOJIMBE 3HAYCHHS, OCKUIBKH YITPABIIHCHKI PIICHHS
4acTO MPUIMAIOTHCS 0co0aMH, SIKi He MarOTh TeXHIYHOI ocBiTH. BPMN no3Bossie iMm OpaT akTUBHY
y4acTh y MPOIIECi MOJICTIOBAHHS Ta ONTHUMI3allii, IO MABUIIYE SKICTh YIPABIiHHS.

[Ile omHUM BaXXJIMBUM apryMEHTOM Ha KOpuUCTh BHKopHcTaHHS BPMN e 11 morenmian sk
IHCTpYMEHTY aHali3y Ta omnTuMmizamii O6i3Hec-mpornieciB. [loOymoBa mporiecHOi Mojesi JA03BOJISIE
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NepedTH BiA IHTYITUBHOTO YHpPAaBIiHHSA J0 OOIPYHTOBAaHOIO, 3aCHOBAHOTO Ha JaHHUX 1
CTPYKTYPOBAaHOMY aHaJIi3i.

3okpema, BPMN mae MOXIHBICTB: BUSIBIATUA «BY3bKI MICI» y TpoIecax, ¢ BUHUKAIOTh
3aTpUMKH a00 TIEpEeBaHTA)XCHHS; aHAJI3yBaTH OyOJFOBaHHS (YHKIH, IO TPU3BOIUTH [0
Hee(eKTUBHOTO BHUKOPHCTAHHS PECypcCiB; yCyBaTH 3aiiBi abo HEIiHHI eTamu, SKi HE CTBOPIOIOTH
JI0JTaHOT BapTOCTI; MIIBUIITyBaTH 3araibHy €(DEeKTUBHICTH MPOIIECIB MIJITXOM iX peopraHizarii.

VY npakTHuHIN TiSUTBHOCTI 3aKJIa/iB OCBITH 116 MOXKE MPOSBIISTUCS Y: ONTUMI3AIi] IPOLEaypH
3apaxyBaHHs CTYACHTIB (CKOpOUEHHS dYacy OOpOoOKM 3asB, aBTOMAaTH3aIlisl TMEPEBIPOK);
BJIOCKOHAJICHHI CHCTEMH OIIHIOBaHHA (BUKOPHCTaHHS aBTOMAaTH30BAHUX TECTOBHX CHUCTEM);
CKOPOYEHHI Yacy MOTOKEHHS IOKYMEHTIB (BITPOBAKEHHS €JIEKTPOHHOTO IOKYMEHT0001ry). Takum
yrHoM, BPMN BucTynae He nullie iHCTpPYMEHTOM OITUCY, ajle i 3aC000M MOCTIHHOTO BAOCKOHAJICHHS
TISUTBHOCTI.

OpnHiero 3 HalBakuBimmx xapaktepuctuk BPMN e ii 3qaTHICTS BUCTYIIATH OCHOBOIO JIJISt
aBromaTu3ailii 6i3Hec-mporieciB. Ha BigMiHy Bijg 6aratbox iHmmx HoTtaiii, BPMN TicHO iHTerpoBana
3 cyuyacuumMu BPM-cuctemamu (Business Process Management Systems), Imo 03BOJSE
0e3IocepeIHhO PeaTi30ByBaTH 3MOIETHOBAHI ITPOIIECH Y IPOTPAMHOMY cepeaoBwii [22].

CyuacHi TexHOJIOTIi 3a0e3Meuyl0Th MOXKJIMBICTh: BUKOHAHHA TpolieciB Ha ocHOBI BPMN-
Mojelieid, TOOTO aBTOMATHYHOI'O 3allyCKy Ta KOHTPOJIO iX BHKOHAHHS; 1HTErpamii 3 I1HIIMMH
iHpopmaniiinumu cuctemamu (LMS, CRM, ERP), mo crBoproe e€nuHe mudpoBe CEperOBHIIIE;
MOHITOPHHTY TPOIIECIB Y PeaTbHOMY Yaci, BKIIFOYAIOYH BIJCTEKEHHS CTaTyCy, MPOAYKTUBHOCTI Ta
BimxwieHnb [23]. Lle mo3Bosisie mepedTH BiJ CTAaTUYHOTO OMHUCY MPOIECIB 10 IX JUHAMIYHOTO
yopaBiiHHsA. Y pe3ynbrari BPMN BUKOHYE poOJIb CBOEPITHOTO MOCTY MiX: OINHUCOM TPOIECY
(KOHIENITYaJIbHUI PIBEHB); HOTO pealtizallieo (TEXHIYHUNA PIBEHb); aBTOMATHU3AIlIEI0 Ta KOHTPOJIEM
(onepariiiinuii piBeHb).

Orxe, nouuibHICTh BUKOpUcTaHHA BPMN y 3akmanax OCBITH MIANPHEMHHUIILKOTO THITY
3yMOBJIeHa ii 3JaTHICTIO: aJeKBaTHO BiloOpaXkaTW CKJIAJHI Ta BapiaTUBHI Oi3HEC-TIPOIECH;
3a0e3medyBaTy 3pO3yMiTy Bi3yallizallilo AiSUTbHOCTI; BHCTYMATH I1HCTPYMEHTOM aHalli3y Ta
onTuMi3zalii; 6yTu OCHOBOIO AJis UG poBizalii Ta aBToMaru3anii ynpasitiaas. CaMe 11l BIaCTUBOCTI
po6ssate BPMN edexkTuBHEM 1HCTpyMEHTOM TpaHcopMallii TpaguIliiHUX OCBITHIX YCTaHOB Yy
CyYacHi, THy4Ki Ta KOHKYpEHTOCIIPOMO>KHI OpraHizauii miAnpueEMHUIIBKOTO THITY.

UML (Unified Modeling Language) € yHiBepCaJIbHOIO MOBOIO MOJICIIOBAHHS, IO
BUKOPUCTOBYETHCS JIsl TIPOEKTYBAHHS CKJIAAHUX IPOTPAMHHUX CHCTEM. li OCHOBHE NpH3HAYEHHS —
dbopmaitizyBaT CTPYKTYPY, MOBEAIHKY Ta B3aEMO/Ii10 KOMITOHCHTIB iH(popMariitaux cuctem [23].

Y KOHTEKCTi 3aKJIa/liB OCBITH MiANMPUEMHHUIIBKOTO THITY 1€ Ma€ 0COOIMBE 3HAUEHHS, OCKUTBKU
iX mispHICTH 0a3yeThes Ha iHTerparii pizHux mudposux miatdopm. UML no3Bose:

- CTBOPUTH LUTICHY apXiTeKTypy iH(pOpMaliifHOI CHUCTeMH, SKa OXOIUIIOE BCl KIIIOYOBI
mijicucteMu (yrpaBiliHHS HaBYaHHSAM, (DIHAHCH, B3aEMOJIIS 31 CTYJCHTaMH);

- BU3HAYHUTU CTPYKTYPY JaHUX, IO [MUPKYIIOIOTH Y CHCTeMI (CTYACHTH, KypCH, pPe3ylIbTaTh
HaBYaHHs, P1HAHCOBI TOKA3HUKH);

- OTMCATH B3AEMOJII0 MK MonayiasimMu, TakumMu sk LMS (Learning Management System),
CRM (Customer Relationship Management), ERP (Enterprise Resource Planning).

Lle 0co6mmBO BaXIJIMBO, OCKUIBKU 0€3 WiTKOI apXiTEKTypHOI MOJEJi BUHUKAIOTh MPOOIeMHu:
nyOIIOBaHHS JaHUX Y PI3HUX CHCTeMax; BIACYTHICTh CHHXPOHI3allil; CKIaJHICTh 1HTETpaIlii HOBUX
pimens. Takum unnom, UML 3a6e3neuye CUCTEMHICTB 1 y3roJKEeHICTh HU(BPOBOI iHPPACTPYKTYpH
3aKIIay.

Opnmniero 3 kmoyoBux nepesar UML € MOIMBICTh OaraTOpiBHEBOTO OIMUCY CUCTEMHU — BiJ
3arajgbHOl KOHIIEMII 0 KOHKpPETHOI peanizarii. Lle mocsraeTbest 3aBAsSKHM BUKOPUCTAHHIO PI3HUX
THUIIIB Jliarpam, KO>KHa 3 IKHX BUKOHYE OKpeMy (YHKIIIIO.
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Hiarpamu BapianTiB Bukopuctanus (Use Case) M03BOJIAIOTH: BU3HAYMTH, SIKI (YHKIIi
CHUCTEMa IIOBUHHA BHUKOHYBAaTH, OIMHCATH B3aEMOJIIF0 KOPUCTYBadiB (CTYACHTIB, BHKJaJadiB,
aJIMIHICTPATOPIB) 13 CUCTEMOIO; C(POPMYBATH BUMOTH JI0 IPOTPAMHOT0 3a0€3IEYCHHS.

JiarpamMu KJaciB OMUCYIOTHh CTPYKTYPY AaHUX 1 1X B3a€MO3B’SI3KH; (POPMYIOTH OCHOBY IIJIst
po3poOku 6a3 JaHuX; 3a0€3MeUyIOTh JIOTIYHY HUTICHICTh CUCTEMHU.

JiarpamMu MOCTIOBHOCTEH BigoOpakarOTh JTWHAMIKY B3a€MOIl MDK KOMIIOHEHTaMH,
MOKa3yloTh TOPSIOK BUKOHAHHS Omepalliii; 103BOISIOTh MOJEIIOBATH CIICHApii poOOTH CUCTEMH B
qaci.

JiarpamMu JisUIBHOCTI AETaNi3ylOTh Oi3HEC-TIPOLIECH Ha PiBHI BUKOHAHHA; BiIOOpakaroTh
JIOTIKY TIEPEXOAIB MK CTaHaMH; 4acTO BHUKOPHCTOBYIOThCS K MicT Mk BPMN 1 mporpamuoro
peaizartiero.

3aBasku Takiid pizHOMaHiTHOCTI UML 103BOJISIE MOCTYMOBO MEPEXOIUTH: BiJ 3arajbHOTO
OIUCY MPOLIECY 10 ACTANBHOTO MPOEKTYBAHHS Ta MporpaMHoi peatizaiii. Lle 0co011Bo BaXIMBO 115
CKJIQTHUX OCBITHIX CHCTEM, Jie OfaHa 1 Ta X (YHKIls (HAMpHUKIIAJ, OLIHIOBAHHS) BKJIOYAE PIi3HI
CIieHapii Ta B3aeMOii.

UML € Mi>)kHapOJHO BU3HAHUM CTaHIAPTOM Yy cepi po3poOKu mporpaMHOro 3a0e3neueHHs,
110 3a0e3mneuye HU3KY BaXXIUBUX repesar. [lo-nepie, e yHigikoBaHiCcTh MiaAX0iB. Bukopuctanus
UML no3Bosisie pi3HUM KOMaHAaM (aHaJTITHKaM, pO3pOOHUKaM, TECTYBAJIbHHKaM) IMpaIlOBaTH B
€IMHOMY KOHIIEITyaJIbHOMY ITpOocTOpi. Lle 3MeHIye KinbKiCTh MOMUIIOK 1 CIIPOIY€e KOMYHIKAIIIIO.

[To-npyre, UML niaTpumye KOMaHaHY pO3pOOKY. 3aBASKA CTaHIAPTHU30BAaHUM JliarpamMam:
pi3Hi (axiBIi MOXYTh NpAIIOBaTH HaJ OKPEMUMH YaCTHHAMU CUCTEMH; 3a0e3nedyeTbes
Y3TO/KEHICTh Pe3yJIbTaTIB; CIPOIIYEThCS Mepeavya 3HaHb MK YUaCHUKAMU TTPOEKTY.

[To-tpere, UML 3abe3mnedye cyMiCHICTh 3 CY4aCHUMHU IHCTPYMEHTaMHU PO3pOOKH. bimbiricTs
CASE-3aco6iB (Computer-Aided Software Engineering) nmintpumytoTs: ctBopenHss UML-niarpam;
aBTOMATHYHY TEHEpallilo KOy, 3BOpOTHE MPOEKTyBaHHsA (reverse engineering). Lle 3HayHO
MPUCKOPIOE TPOIIEC PO3POOKH Ta MiABUIIYE AKICTH MPOTPAMHOTO 3a0e31eYeHHSI.

[To-uerBepre, UML crnpusie 3MEHIIICHHIO TIOMIJIOK Ha PaHHIX eTarax. 3aBIsSKH JeTaTbHOMY
MO/JICJIIOBAHHIO: BHSBIISIOTHCS JIOTIYHI CYNEPEYHOCTI; YTOUHIOIOTHCS BUMOTH; YCYBalOThCS
MOTEHITIHI MPOOJIEMH I 10 €Tay MPOoTrpaMyBaHHS.

HouinbHicts BukopuctanHs UML y MonemoBaHHI Oi3HEC-TIPOIECIB 3akjaliB OCBITH
MiAMPUEMHUIIBKOTO THIy TOJSITa€ B TOMY, IO BiH: 3a0esredye Qopmaiizaiiio apxiTeKTypu
iHpopMaLiifHUX CcHCTEM; IO03BOJISIE JIETali3yBaTH (YHKLIOHAT 1 CTPYKTYpY JAaHUX; MIATPUMYE
MOBHUU KUTTEBUHA LUK PO3POOKH MPOrpaMHOrO 3a0e3NeueHHs; CIpHsE IHTerpamii pi3HUX
U poBUX MIATHOPM.

VYV noegnanni 3 BPMN UML cTBOproe mOBHOIIIHHY OCHOBY Mijisi UpoBOi TpaHchopmartii
3aKJIay OCBITH, 3a0€31euyI0ur 3B’ A30K MK Oi13Hec-TipoliecaMy Ta iX TeXHIYHOIO peaiizauieto. Came
1€ J03BOJISIE JTOCSTTH BHCOKOTO PiBHSI €()EKTHBHOCTI, THYYKOCTI Ta KOHKYPEHTOCIIPOMOXKHOCTI B
CY4aCHOMY OCBITHBOMY CEPEJOBHUIIII.

VYV cydacHux ymoBax IuGpoOBi3aiii OCBITHIX YCTaHOB >KOJHA HOTAIlisl MOJIEIIOBAHHS HE €
JIOCTaTHBOIO Ui TIOBHOTO ONHCY CKJIaJHOI CHCTEMH YIPAaBIiHHA 3aKJIaJOM  OCBITH
nianpueManIpKoro Tumy. BPMN i UML BHKOHYIOTH Pi3Hi, ajie B3a€MOIONOBHIOBANBHI QyHKIII. 1x
CHHEPTis 103BOJISIE IEPEUTH BiJ (pparMEeHTapHOI0 OMKUCY MPOLECIB IO CTBOPEHHS LIICHOT M (pOBOT
MO/IeJIi OpraHi3ailii, ska moeanye 6i3Hec-noriky ta IT-peanmizariro [24].

Oxpeme BUKOPUCTAHHS KOKHOI 3 HOTaIliif Mae cBoi oomexeHHs. BPMN, xoua i epexTuBHO
omucye 613HeC-TIPOIIECH, HE PO3KPHUBAE TEXHIYHY CTOPOHY iX peaiizailii B iIHpopMaliifHIX CUCTEMAX.
UML, HaBnaku, riauOOKo JeTanizye IporpaMHy apXiTeKTypy, aje He 3aBXAU BinoOpaxae OizHec-
KOHTEKCT 1 JIOTIKY MPOIIECIB Yy 3p03yMiliil Juisi MeHemKMeHTy popmi. Came ToMy iX KOMOIHOBaHE
BUKOPUCTaHHA € HAHOUIBII JOIIIBHAM 1 HAYKOBO OOTPYHTOBAHUM ITiIXOJIOM.
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Y Mexax KOMIUIEKCHOTO MiXOMy 10 MOJENIOBaHHA Oi3HEC-TPOIECiB JOUUIBHO YiTKO
po3MexXyBaTH (yHKIIOHAIBHE MPU3HAYCHHS KOXXKHOI HoTarii (tabdn. 2). lle mo3Bomnsie YHUKHYTH
AyOIOBaHHS Ta MiABUILYE €(PEKTUBHICTH MOACTIOBAHHS.

Tabnuys 2
DyHyKiOHAJbHE IPU3HAYECHHS HOTALN
Hotaris OCHOBHE NTPU3HAYCHHS PiBenn abcTpakinii dokyc yBaru
BPMN MonemntoBanHs Oi3Hec- bi3nec-piBeHb Jlorika npouecis, podi,
MIPOIIECIB [IOCJIIJOBHICTE JiH
UML IIpoextyBanHs Texuiunuii piBeHb ApXITEKTypa CUCTEM, JIaHi,
1H(OpMAaIIHHUX CUCTEM B3a€MO/Ii1 KOMIIOHEHTIB

Taxkum ynHOM, BPMN BinnoBiae Ha MUTaHHS «III0 BIIOYBAE€ThCS B OpraHizarii», TOIl SK
UML — Ha nuTaHHs «SIK L€ pealli3yeTbes B iHpOpMaLiiHiid cucTeMi».

Y KOHTEKCTI 3aKjadiB OCBITHU MiANPUEMHHUIIBKOTO THIY II€ PO3MEXKYBAHHS € KPUTHYHO
BOXJIUBUM, OCKUIBKM: YIPaBIIHII MpamiooTh i3 Oi3Hec-mporiecamu; IT-daxiBii 3 mporpamHOIO
peanizaii€ro; aaMiHICTpaIlis 3 OPTaHi3aliiHOI CTPYKTYPOIO.

EdextuBHa nudposa Tpanchopmariis 3akiagy ocBiTH nepeadadae moeTarHe BUKOPUCTAHHS
000X HOTAIlIH Y JIOT14YHI# TOCIITOBHOCTI.

Etam 1 — monentoBanus GizHec-miporiecy (BPMN). Ha npomy erami onucyeTbest caM mpoiec
y Horo opraHizaiiiiHii cytHocTi. Hampukian, nporec «3apaxyBaHHS CTYACHTa» BKIIIOUYAE: MOJaHHS
3asBKH; NIEPEBIPKY JOKYMEHTIB; IPUUHATTS PIILICHHS; 3apaxyBaHHs JI0 TPYIIH.

BPMN fo3Bossie: BH3HAUUTH YYacHUKIB Tiporiecy (abiTypieHT, mpuiiMallbHa KOMICIs,
aJIMiHICTpaIlisl); MOKa3aTH IMOCHIJOBHICTh [ii; BpaxyBaTH albTepHATUBHI CIleHapii (BigMOBa,
JOOTIpaIIOBaHHS JOKYMEHTIB); 3a(iKCYyBaTH TOYKH MPUHHATTS PIIICHb.

Etam 2 — neranizanis indopmaniitaoi cuctemu (UML). ITicns hopmanizamii 6i3Hec-mipoiiecy
3MIMCHIOETHCS MOTO TeXHIUHA JeTamizaiis 3a ronomororo UML. Ha mbomy erarmi BU3Ha4aeThCs: K1
iHpopmariiiHi cuctemu 3anydeHi (Hanpukian, LMS, CRM, ERP); ski nani oOpoOuisitoThes (maHi
CTYJICHTA, 3as1BKa, PE3YJIbTaTH NEPEBIPKHU ); K B1IOYBAETHCS B3aEMO/I1SI MIJK KOMITOHEHTAMU CUCTEMH.

Jis 1hOro BUKOPUCTOBYIOTHCS: JiarpaMH BapiaHTIB BUKOPHCTAHHS JUIsi BU3HAYCHHS
(YHKIIIOHAILHUX BUMOT; JlarpaMy KJaciB JJIS CTPYKTYPH JTaHUX; JiarpaMu MOCTiTOBHOCTEH It
OIUCY B3a€MOJIi1 CHCTEM; JllarpaMH JisUTbHOCTI JJIs IeTalli3allii alropuTMiB.

Etan 3 - y3romxenus mozeneir. Ha mpomy erarmi 3miiicHIOeThCs y3rokeHHss BPMN- Tta
UML-monenelt st 3abe3nedeHHs: BiMOBIAHOCTI Oi3HEC-JIOTIKM TEXHIUHIN peamizarii; yCyHEHHS
CYMEPEYHOCTEH; IITICHOCTI CHCTEMH.

[oeqnanus BPMN 1 UML no3Bossie copmyBaTH iHTETpOBaHY MOJIENb, SKa OXOIUTIOE SIK
0i3Hec, Tak 1 [T-piBeHs hyHKIIIOHYBaHHS 3aKiany ocBiTH. OCHOBHI pe3yJbTaTH TaKoi IHTETpaIlii:

1. IToBHa kapTuHa AisuibHOCTI 3akiany BPMN 3a6e3neuye pozyminas mporecis, a UML — ix
TeXHIYHY peanizaiito. PazoMm BoHu POpMYIOTH IITTICHY MOJIEbh OpraHi3airii.

2. Y3romxkeHa apxitekrypa iHpopmauniinux cucreM UML no3Boisie COpOEKTYBAaTH €IUHY
nudpoBy exocuctemy, ne Bci moayai (LMS, CRM, ERP) mpamorors cuHXpoHi30BaHO 3 Oi3HEc-
npouecamu, onucanumu B BPMN.

3. Ycynenns pospuBy Mik OizHecoM 1 IT. Opniero 3 KIHOYOBMX TPOOIEM CydacHHX
opraHizaliil € HeB1IMOBIIHICTh MK BUMoramu 0i3Hecy Ta peainizauieio IT-cuctem. Cuneprist BPMN
1 UML ycyBae 1ieii po3pus.

4. OcnoBa g uuppoBoi Tpanchopmauii. [HTerpoBana mMozaens crae (GpyHIaMEHTOM MIJIs:
aBToMaTHu3allii mporeciB; BHpoBakeHHs BPM-cuctem; po3Butky data-driven ympaBmiiHHS;
CTBOPEHHS IIU(PPOBOTO YHIBEPCUTETY
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Cuneprisn  BPMN T1a UML y wMozgemoBaHHI Oi3Hec-TIpolLleCiB  3aKiaiB  OCBITH
MIIMPUEMHUIIBKOTO THITY € KJIIOYOBHM METOJIOJIOTIYHUM TMIIXO0JI0M, IO 3a0e3Meuye 3B’S30K MK
YIPaBIIHCHKOIO JIOTIKOIO Ta TEXHIYHOIO peai3ali€ro.

SAxmo BPMN no3Bossie mo6aunT opraHizaiiito sk cuctemy mporiecis, To UML nepeTBoproe
1110 CHCTEMY Ha KOHKPETHY iH(OpMAaLiiiHy apXiTeKTypy. IX cHilbHe BUKOPUCTAHHS CTBOPIOE OCHOBY
JUIsi TOOY/IOBH Cy4YaCHUX, THYYKHX 1 TOBHICTIO ITM(POBI3OBAHMX OCBITHIX YCTaHOB, 3JaTHUX
e(peKTHUBHO (PYHKIIOHYBATH B YMOBaX PUHKY 3HaHb.

Posrasmemo norinpHicTs BuKOprcTanHss BPMN ta UML st MofentoBaHHsI O13HEC-TIPOIIECIB
3aKJIa/iB OCBITH MiJNPUEMHULBKOTO TUIY OOYMOBJEHA iX 3/aTHICTIO 3a0€3MEYNTH: KOMIUIEKCHE
MIPEACTABICHHS JisSUTbHOCTI; 3B’s130K Mk Oi3Hecom 1 IT; ocHOBY st aBTOMaTH3aIii; MIATPUMKY
NPUAHATTS YIPaBIiHCHKUX pillleHb. Y Ta0u. 3 HaBeneHo nepeBaru Bukopuctanus BPMN ta UML
JUTSI 3aKJIJTIB OCBITH I AMPUEMHHUIIBKOTO THITY.

Tabauys 3
IlepeBaru Bukopucranuss BPMN ta UML nus 3akianiB oCBiTH NiANPUEMHUIBKOTO TUILY

I'pyna 3uicr mepesar XapaKTepIiICTI/IKa BIUIMBY Ha 3aKJIaJl OCBITH
nepesar M1 IPUEMHUIIBKOTO THITY
Opranizamiiini | [Ipo3opicTsb 3abe3nedye 4iTKe BioOpaskeHHS BCiX Oi3HEC-TPOIECIB, IO
nepeBaru MPOIIECIB JT03BOJISIE KEPIBHUITBY OQUWTH pEaIbHY KapTHHY MiSUTBHOCTI
3aKJIay Ta KOHTPOJIIOBATH BUKOHAHHS 3aB/IaHb
Uitkwmii po3nioain | BusHaueHHss posiel  y4JacHUKIB  TporeciB  (BUKIJIamadi,
BiJIMOBIAAILHOCTI | aIMIHICTpAIlis, CTyJ€HTH) 3MEHINYe IyOnroBaHHS (YHKINH 1
TT1IBUIIYE TUCIUIUTIHY BUKOHAHHS
IToxpameHHs Cuctemaru3aniiss mpomeciB copuse Oubll  e()EeKTUBHOMY
YIpaBITiHHS MPUAHATTIO YIPABIIHCHKUX PIllIEHb HA OCHOBI CTPYKTYPOBaHUX
JAHUX
Exonomiuni 3HIKEHHS OnTuMizallis MpoOIECiB J03BOJISIE 3MEHIIMNTH BHUTPATH dYacy,
nepeBaru BUTpAT JIOACHKHX PecypciB Ta (iHAHCIB
Ornrrumiszaris PamionanbHe BUKOpPUCTaHHS MaTepiaJbHUX, KaJIpOBUX Ta
pecypciB iHpopMaLiiHUX pecypcCiB 3aKIany
[TigBuIeHHS 3pocTaHHs TMPOJYKTUBHOCTI OCBITHIX Ta YHPaBIiHCHKHX
€(hEeKTUBHOCTI MporieciB 0€3 JJ0IaTKOBOTO 301IBIIICHHS BUTPAT
Texnonoriuni |ABromaru3ariss | MoxnuBicTh peanizaiii mporeciB y BPM-cucremax Tta iHdop-
nepeBaru MIPOIIECIB ManiifHuX miatdopmax Ha ocHOBI Mojaeneir BPMN ta UML
[aTerparis O6’eqnannss LMS, CRM, ERP Tta iHmUX cUCTeM Yy €IUHY
CUCTEM U(PPOBY EKOCUCTEMY
[TigTpumka dopmyBaHHS OCHOBH [T 1M (PPOBOT TpaHChOopMallii OCBITHHOTO
nudposizarii CepeIOBHUIIA
Crpareriuni  |IlIBunka ananta- |['HydkicTh MOAemei 103BOJIS€ ONIEPATUBHO 3MIHIOBATH MTPOLIECH
nepeBaru ist 10 3MIH BIJIMOB1THO JI0O BUMOT PHHKY
ITinBumenus EdextuBHe ynpaBiiHHS Ta THPPOBI3ALisl TiACUIIOIOTH MO3HIIIT
KOHKYPEHTO- 3aKjaay Ha PUHKY OCBITHIX TOCTYT
CIIPOMOKHOCTI

[IpencraBnena cucrema mnepeBar BukopuctanHs BPMN ta UML y 3akiagax ocBiTu
M IMTPUEMHHUIIBKOTO THITY JIEMOHCTPYE iX KOMIUJICKCHUM BILJIMB Ha BC1 KJIFOYOBI aCMEKTH AISUTBHOCTI
opraizauii. 30kpema, oprasizaiiiiHi mepeBaru 3a0e3NedyloTh CTPYKTYpPOBAHICTh 1 MPO30pPICTh
YOPaBIIHHS, €KOHOMIYHI CIPHUSIOTH PallioHAJTLHOMY BHUKOPHUCTAHHIO PECYpCIB Ta ITiABUIICHHIO
e(EeKTHUBHOCTI; TEXHOJOTI4YHI (POPMYIOTh OCHOBY JJIsl aBTOMaTH3alii Ta 1nudpoBoi iHTerpamii, a
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CTpaTeriuHi BU3HAYAIOTh JOBTOCTPOKOBY KOHKYPEHTOCIPOMOXHICTH 1 IHHOBALIMHUN PO3BHTOK
3aKiany.

Takum unHOM, BuKopucTanHs BPMN ta UML He 0OMEXYEThCS IHUIIE MOJCTIOBAHHSIM
MPOIIECiB, a BUCTYMAE IHCTPYMEHTOM KOMILUIEKCHOI TpaHchopMmarlii OCBITHhOI YCTAHOBH B CydacHY,
THYYKY Ta HU(PPOBOOPIEHTOBAHY CUCTEMY YIPABIiHHSA, 31aTHY €()EeKTUBHO (PYHKI[IOHYBaTH B yMOBax
JTUHAMIYHOTO PUHKY OCBITHIX MOCTYT.

Po3pobka y3aranbHeHoi Mojiesni 6i3HeC-TIPOIIECiB € KIFOYOBUM €TallOM CHUCTEMHOI'O aHaNi3y
JUSTTEHOCTI 3aKJIay OCBITH IMiANPUEMHUIIBKOTO THITY, OCKIJIBKH J03BOJIsE (hOpMaTi3yBaTH BCi piBHI
YIpaBIiHHSA, OCBITHI Ta JOMOMIXKHI (YHKII B €IMHY CTPYKTypOBaHY cHUCTeMy. Taka MoOJeib
BHCTYIIa€ OCHOBOIO JUIsl TOJaibInoi nmudposizallii, aBToMaTU3aIlii Ta ONTUMI3aIlli yImpaBIiHCHKUX
pileHb.

Ha puc. 1 npencraBneno matpuiro mudpoBoi iHTErparlii iHpopMaIiiHIX cUCTeM 1 Oi3Hec-
MIPOIIECIB.

MaTtpuusa uucppoBoi iHTerpauii iHpopmauinHux cucTtem i GisHec-npouecis
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Bnokwu BiaHec-npouecie
Puc. 1. Marpuust nu¢posoi inTerpanii inpopmaniiiHux cucrem i Oi3Hec-nmpouneciB 3aKJjiany
OCBITH MIANPUEMHHUIIbKOTO THITY

Puc. 1 BimoOpakae iHTEHCUBHICTh B3aeMO/IIT MK iHPopMatiitHuMu cucteMamu LMS, CRM,
ERP, BI Ta xirouoBumu 01okamu Oi3HEC-POIIECiB 3aKinany ocBiTH. HaiiBumi 3HaueHHs iHTerpartii
CIIOCTEpIraloThCsl B THX 30HAX, J¢ IU(POBI cepBicH OE3MOCEPEHBO MIATPUMYIOTh YIPaBIiHHS
OCBITHBOIO JISUTBHICTIO Ta IPUUHATTS pillleHb. MaTpuIls 103BOJIs€ 11eHTH(IKYBATH CUIIbHI CTOPOHU
ndpoBoi iIHGPACTPYKTYPH, a TAKOXK HAIIPSMH, JI€ B3AEMO/IISI CUCTEM 3aJTUIIAETHCS (PparMeHTapHOIO.
OTpumaHi OIIIHKKA MOXYTh OYyTH BUKOpPHCTaHI s Tpioputusarii IT-iHBeCTHINH, TMIaHyBaHHS
1HTerpaifHuX poOIT 1 MiABUIIEHHS 3aralbHOI MPOLECHOT Y3TOHKEHOCTI.
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Ha puc. 2 mpencraBieHO MOCIHITOBHICTh €TaIliB y MPOIECi MOACITIOBAHHS Ta PO3POOKHU
MPOTPAMHUX CHUCTEM:

1. BPMN-piBens (orika npoueciB). Ha npomy etami onucyeThcsi Oi3Hec-OriKa y BUTIISAL
nporieciB. Bukopucranus BPMN no3Bossie popmanizyBaTy mOCHiIOBHICTh Miid, POJIl yYaCHUKIB Ta
B3a€MOJIII0 MK HUMH.

2. UML-piBens (iHpopMartiiina Mojieinb). HacTymHui Kpok — mepexiji BiJ IPOIECHOI JOTIKA
1o inpopmariitnoi mozxeni. UML-niarpamu BitoOpaXkaroTh CTPYKTYpPY CHCTEMU: KJIacH, aTpuOyTH,
3B SA3KM Ta B3a€MOII] MK KOMIIOHEHTaMHU.

3. IlporpamHa peanizarisi. 3aBepliaibHUi eTan — TpaHchopMmariis iHdopMmalliitHoi Mojeni y
nporpaMHuid kKoA. TyT BimOyBaeThCsl TEXHIYHA peaiizallisi CHCTeMH, 10 3a0e3reuye BUKOHAHHS
BHU3HAYEHUX Oi3HEC-TIPOIIECIB.

MoBHuM uukn Tpanccopmauii mogeni

BPMN-piBeHs UML-piBeHs

(norika npouecis) (indhopmauninna mogens)

Puc. 2. TloBHuii nukJ Tpancdopmanii moaedti

Puc. 2 imrocTpye MOBHUHN ITUKI TIEPEXOAY BiJl KOHIETITYaIbHOTO OMKCY MPOIECIB 10 IXHBOT
MPOrpaMHOI peami3allii, maIKpecIoIYd MOJEIbHO-OPIEHTOBAHUN MIAXiJ y pO3pOOIll MpOorpaMHOro
3a0e3neyeHHsl.

BesnepepBuuil muki (QyHKIIOHYBaHHS y3aralbHEHOI MOJENI NpEACTaBICHUH Ha puc. 3
B1/I00pakae 3aMKHEHUU TPOIIEC, IKUH CKIAAAETHCS 3 MIECTH MOCTIOBHUX €TalliB, 10 YTBOPIOIOTH
[UKJIIYHY CUCTEMY YIPaBIiHHA Ta BIOCKOHAJIECHHS TisSUIbHOCTI:

1. IInanyBanHs nporpamu (cuHii 6710K). [ToyaTkoBuUii erar, 1€ BU3HAYAIOTHCSA CTpPaTETiuHI
ILT1, HAIPSIMU PO3BUTKY Ta pecypcH, HeoOX1/IH1 AJIs peartizalii mporpamu.

2. Anam3 punky (Oipro3oBuii 0Onok). Ha mpomy erami 3mIHCHIOETBCS JOCIIIKCHHS
30BHIIIHBOTO CEpEIOBHINA: BUBUYCHHS NOTPEO, KOHKYPEHTIB, TEHAEHIIH Ta MOMXIJIMBOCTEH IS
e(heKTUBHOTO (DYHKITIOHYBaHHSI.

3. KopuryBanus pimens (3eneHuid 6710k). BpaxoByroun pe3ynbTaTé aHami3y, BiiOyBaeThCs
YTOUHEHHSI Ta aJianTallis MpUUHITHX PIIIeHb, 00 BOHH BiANOBIJaIA aKTyaJbHUM YMOBaM.

4. Ananmituka  eQeKkTHBHOCTI  (TeMHO-Oipr0o30BUii  OJOK).  3aiCHIOETbCA  OLIIHKA
MPOAYKTUBHOCTI Ta pPe3yJbTaTUBHOCTI peasli30BaHUX 3aXOiB, BUKOPUCTaHHS I1HCTPYMEHTIB
AQHATITHKY [T BUMIPIOBaHHS €()EKTUBHOCTI.

5. OriHtoBaHHS Pe3yNbTaTiB (MOMapaHyeBUid 0710K). [IpoBOAUTHCS TICYMKOBE OIliHIOBAHHS
JOCATHYTHX pe3yJbTaTiB, BU3HAYAIOTHCS CHJIBHI Ta CIa0Ki CTOPOHHM, a TAKOXX MOXKIUBOCTI IS
BIIOCKOHAJICHHSI.

6. Peamizariss HanmpsiMKiB (4epBOHUEM OJIOK). 3aBepllaNbHUN eTam, A€ yXBaJIeHI pillleHHS
BTUTIOIOTHCS Y MPAKTHUYHY JisTbHICTh. BiH BOJIHOYAC € CTApTOM HOBOTO IIUKJTY, aJKe MiCIIs peaizail
3HOBY IOYMHAETHCS IJIAHYBaHHS.

Puc. 3 UmrocTpye 3aMKHEHUH TPOIEC MOCTIHHOTO BJIOCKOHAICHHS, JI¢ KOKEH eTal JIOT14HO
NEPEeXOANTh y HACTYIHUHN, 3a0e31euyoun Oe3nepepBHICTh YIPABIiHHS Ta PO3BUTOK CUCTEMHU.

Po3pobnena y3araapHeHa MOAENb OI3HEC-TIPOIECIB JTO3BOJISE€ PO3TIIANATH 3aKjIaa OCBITH
HiANPUEMHUIIBKOTO THITy $K €IWHY IHTETpPOBaHY CHCTeMY, B sKiil OCBITHI, YNpaBIiHCHKI,
HOIATPUMYIOUlI Ta PUHKOBI NpouecH (YHKUIIOHYIOTH Y TicHIM B3aemonii. Takuil miaxix CTBOpPIOE
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OCHOBY il 1u(poBoi TpaHcdopmarii, miABUIIECHHS €(pEKTUBHOCTI YNpaBIiHHA Ta (HOPMYyBaHHS
KOHKYPEHTOCITPOMOXHOT OCBITHROT OpraHi3ailii HOBOro THITY.

be3nepepBHMii MK PYHKIIOHYBAHHS y3arajbHeHOI MoaeJIi

OujiHoBaHHA

pesynkraris

Puc. 3. Be3nepepBHuii MK (PyHKIIOHYBaHHA y3arajibHeHoi Mojei Oi3Hec-npoueciB 3akiaany
OCBITH MiANPUEMHHUIIbKOTO THITY

Po3pobka xonmenii iHTerpamii iHGOpMAIIHUX CHUCTEM € KIIOYOBHM €TaroM IuGpoBOi
Tpa"cdopmarlii 3akIaay OCBITH MiANPUEMHHUIIBKOTO TUITY, OCKUIBKH JTO3BOJISIE€ 00’ € THATH PO3Pi3HEHI
O13HEC-TIPOIIeCH B €AMHY KepoBaHy IU(PpoBy ekocucTemy. Takuii miaxin 3a0e3mneuye aBToMaTH3aIli o
YIPaBIIHCBKUX PIllIeHb, MIJBUINEHHS MPO30pOCTi AISTIBHOCTI Ta ONEPAaTHBHICTh pearyBaHHS Ha
3MIHU 30BHIIIHBOTO CEPEOBUIIIA.

3amponoHOBaHa ~ KOHLEMINsl 0a3yeTbcs Ha  CTBOPEHHI  €IMHOTO  1HTETPOBAHOTO
inpopmarmiitnoro cepemosumia (Integrated Educational Information Ecosystem), y sikomy Bci
MiJICUCTEMH B3a€MOJIIOTh 4epe3 IeHTpaii3oBaHy IuiarGopmy oOMiHy naHumu. OCHOBHa ines
noJsirae y mepexoi Big ¢pparmeHToBanux IT-cucteM 10 €1nHOT TMDPOBOT apXITEKTYpH yIPaBIIiHHS
3aKJIaJIOM OCBITH.

Ha puc. 4 npencraBiieHO TpUPIBHEBY apXiTEKTYPy CUCTEMH YIIPABIIHHS OCBITHIM MPOIIECOM,
gKka 3a0e3meuye KOMIUIEKCHY aBTOMAaTH3allil0 Ta IHTErpamlil0 BCiX YYAaCHUKIB OCBITHBOTO
CepeIoBHINA:

1. PiBensn kopucrysauiB (Front-End Layer). Ha ipomy piBHI BijoOpaskeHi OCHOBHI YYaCHUKH
OCBITHBOTO TIPOLIECY: CTYACHTH, BUKJAJadi, aaMiHicTpallis, poOoTonaBii Ta aditypieHTH. BoHnm
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OTPUMYIOTh JOCTYN 10 (YHKIIH CHCTEMH, TaKUX SIK IMOJAHHS 3asBOK, JIOCTYIl J0 HaBYAJIbHHUX
MarepiaiaiB, KOMyHIKaIlisi, OIIHIOBAHHS Ta B3a€EMOJISI.

2. PiBensb 0i3Hec-mporieciB (Process Layer). TyT peani3yroThcs KIIFOUOBi Oi3HEC-TIPOIIECH, IO
MIITPUMYIOTh OCBITHIO JiSUTBHICTB: 3apaxyBaHHS CTYACHTIB, (JOpMYBaHHS HAaBYAIbHUX MaTEplaliB,
YIpaBIiHHSA PO3KJIAIOM, OIIHIOBaHHA 3HaHb, (PiHAHCOBI omeparii, MapKETUHTOBI Ta COLIaJbHI
aktuBHOCTI. Bukopucranas BPMN-mopeneir 3a0e3nedye Mpo30picTh, CTaHIAPTU3AIIID Ta
ABTOMATHU3AIIIIO TIPOIIECIB.

3. PiBenp manux ta inrerparii (Data & Integration Layer). [le#t piBeHb BiamoBiznae 3a poooTy
3 JaHMMHU Ta iX iHTerpanito. Bin Bximouae API-nuto3m, interpaniiiny muny (ESB), nentpanizoBane
cxosuie ganux, ETL-pouecu Ta mxepena nanux (BHYTpIIIHI i 30BHImHI). [[omaTkoBo peaizoBaHO
MOHITOPUHT JaHUX, YIIPABIIHHSI METAJaHUMU Ta Bi3yalli3allilo MOTOKIB JaHUX.

APXITEKTYPA IHTETPOBAHOI CUCTEMM YNPABJIIHHSA OCBITHIM NPOLIECOM

o PIBEHb KOPUCTYBAUYIB (FRONT-END)

o

CTYAEHTM BUKMADAYI AOMIHICTPALIA POEOTOAABLY ABITYPIEHTM

Y4acHWKM OCBITHLOTO NpoLecy

®YHKLIT B3AEMOI

B 0OCTYN A0 i
g::‘;: : !1 HABYANBHWX 7=| ouwmoBAHHS GJ KOMYHIKALYA
o=
/ MATEPIANIB
e PIBEHb BI3HEC-TNPOLIECIB (PROCESS LAYER) I

bianec-npouecu (BPMN)

O~ &5 _’WEM"@" B > & -<-|>~ — « -0

JAPAXYBAHHA YNPABMIHHA OUIHIOBAHHSA Y BIHAHCOBI MAPKETWHS
CTYAEHTIE HABHANBHNX PO3KNALOM IHAHD | ONEPALYT OCBITHIX
MATEPANIB ! ! nocnyr
! {
4 4 i 4 4 | 4 4

ﬁ ABTOMATU3ALIA TA YNPABNIHHA BIZHEC-NOTIKOKO

o PIBEHb JIAHWX TA IHTEPALIIT (DATA & INTEGRATION LAYER) I

JUKEPENA JAHMX
API-LUNIO3N IHTEFPALUIAHA LUWHA BAHMX (ESB) LEHTPANI30BAHE ETL-NPOLIECH
CXOBWLLIE AAHMX $ AKBALMINHI CUCTEMMA
(DATA WAREHOUSE)
AP’ . DIHAHCOBI CHCTEMWA
>
l o .‘;, CRM / ABirypienma
E SosHiwsi cepaick
EnwHii axin gna BCix Mapulpy!r.!au.lﬂ.Tpanc.wopm.u..un TS
KAleHTiR Ta cepaicie Ta OpPRECTRALIA LaHWX | Cepeicin Epune RMEPEND A3HMX '.ar::saural nznm g:Hu::m .. Ta iHwi gRepena
JANA AHANITHKN Ta 3BITHOCTI
BE3MEKA JAHWX E MOHITOPMHI TA NOrYBAHHA YNPABMIHHA NOBIOHMKAMMW TA METALAHMMIA
(Wb pyBaHHA, KOHTPONE KOCTYTY) {ayanT, BlacTemerHa, CNoBiwenHa) (KaTanori gaHWx, CTaHAApTH)
YMOBHI NO3HAYEHHA (BPMN)
O Manaros Npouscy O Kinais npoyecy <> Linko3 [podramysessa) Jampanka Dokyment ---% [lofix gasux — Motk ynpaenisua

Puc. 4. TpupiBHeBa apxiTeKTypa cMCTeMH YNIPaBJiHHS OCBIiTHIM mpoiecom
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3amponoHOBaHa CHUCTEMa IIOEAHYE KOPHCTyBauiB, OI3HEC-JIOTIKy Ta JaHli B €IuHIN
IHTETPOBaHIi apXiTEKTYpi, IO JT03BOJIAE€ €PEKTUBHO YNPABIATH OCBITHIM IPOIIECOM, ITiIBUIITYBATH
HOro mpo30pICTh Ta SKICTh.

BucHoBku. Y pe3ynabTaTi MPOBEACHOTO MOCTIKEHHSI OOIPYHTOBAHO, IO 3aKJIaJd OCBITH
MiIPUEMHUIIBKOTO THITY (DYHKIIOHYIOTH SIK CKJIATHI BIAKPHUTI COMIaIbHO-€KOHOMIYHI CUCTEMH,
TISTBHICTD  SIKMX TIOEJHYE OCBITHI, YIPaBIIHCBKI Ta KOMEpIIIMHI KOMIIOHEHTH. Taka
0araToBUMIpHICTh, @ TAKOXK BHUCOKA JMHAMIYHICTH 30BHIIIHHOTO CEPEIOBUINA Ta 3HAYHA KUTBKICTh
CTEHKXOJIIEPIB 3YMOBIIOIOTh HEOOXIJHICTh 3aCTOCYBaHHS IMPOIIECHO-OPIEHTOBAHOTO MIIXOIY 0
yIpaBITiHHS.

Bu3HaueHo Ta CcHCTEeMaTH30BaHO TpPU KIIOYOBI Tpynmu Oi3HEC-MPOIECIB: OCHOBHI,
YIpaBIiHCBKI Ta miaTpumytodi. Iloka3aHo, 1mo OCHOBHI mpouecH (OpMyIOTh OCBITHIO ILIHHICTb,
YOPaBIIHCHKI 3a0€3MeUyI0Th CTPATETIYHUN PO3BUTOK 1 KOOPAMHAINIO JISUIBHOCTI, a MATPUMYIOUi
CTBOPIOIOTH PECYpCHY Ta TEXHOJIOTIYHY OCHOBY (yHKI[iOHyBaHHA. JloBemeHO 1iX TICHY
B3a€EMO3aJICKHICTh Ta HEOOX1THICTh IHTETpaIlil B €IMHY CUCTEMY YIPaBIIiHHS.

3anpornoHOBaHO  i€papXidHy MoOAeNb Oi3Hec-mpoIeciB  (CTpaTeriyHui, TaKTUYHHM,
oTepaliifHui piBHI), sKa 3a0€3MeUy€e Y3roHKEHICTh MK JOBIOCTPOKOBHUMH ITIJISIMU Ta OTIEPAIlifHOIO
TISUTBHICTIO 3aKiIaay. BcTaHOBIEHO, 110 AJIs 3aKJIa/1iB OCBITH MIATPUEMHHUIIBKOTO TUITY XapaKTEPHOIO
€ BUCOKa JUHAMIYHICTB ITi€T1 i€papXii, 10 peani3yeThes yepe3 MudpoBi CUCTEMH YIIPABIIIHHS.

OOrpyHTOBaHO AONUIBHICTh BHUKOpHCTaHHS HOTalii BPMN sk e(eKTUBHOIO 1HCTPYMEHTY
dbopmamizanii, Bizyam3aiii Ta ontuMizaiii Oi3Hec-mporieciB. [lokazano, mo BPMN no3Bomsie He
JUIIIE ONMUCYBATH JiSUTBHICTH OpraHi3allii, aje i BHCTyIae OCHOBOIO ISl aBTOMATH3AaIlii MPOIIECIB y
cepenoBuiax BPMS, 3a6e3neuyroun nepexia 10 IMHAMIYHOTO YIIPaBIIiHHS MTPOIIECAMH B pEaTbHOMY
Jaci.

Hoseneno, mo UML € HeoOXiIHUM IHCTPYMEHTOM Ui NPOEKTYBaHHA i1HQOpMaLiiHOI
apXITEeKTypu 3aKjiaay OCBITH, OCKUIBKH J03BOJIAE€ (OpMaTi3yBaTH CTPYKTYpPY IaHUX, JIOTIKY
B3a€MO/Iii KOMIIOHEHTIB Ta 3a0€3MeUUTH iHTerpauito pisHux iHdopmaniitnux cuctem (LMS, CRM,
ERP, BI). Buznaueno, mo UML nonoutoe BPMN, 3a0e3neuytoun TexHIYHY peajizaliito 6i3Hec-
MIPOIIECIB.

Poskputo cunepreruunmii eext noeaaandass BPMN ta UML, sxuii mossirae y 3a0e3neueHHi
[ITICHOTO MiIX0y IO MOJEIIOBAHHS: BiJl OMKCY Oi3HEC-JIOTIKY A0 ii mporpaMHoi pearnizamii. Takwii
MIJIX17 JTO3BOJIIE YCYHYTH DPO3PUB MK YIpaBIiHCBKUMHU BuUMoramu Ta I[T-pimieHHSMH, 1O €
KPUTHYHO BXIMBUM JUIs UPPOBOI TpaHCHOopMalii.

Po3pobiieHo y3arambHEHy Mojienb Oi13HEC-TIPOIECIB 3aKiIaay OCBITH MiANMPUEMHHIIBKOTO
TUIY, SIKa IHTETrpye BCl PiBHI YNPABIIHHA Ta BUAM MISIBHOCTI B €IUHY CHUCTEMY. 3alpOIIOHOBAHO
KOHIICTIIIIIO €IMHOTO 1HTETPOBAHOTO 1H(POPMAIIHOTO CEepeIOoBHINA, M0 0a3yeThCS Ha B3aEMOJIL
LMS, CRM, ERP ta Bl-cuctem uepe3 iHTerpaiiiini MexaHi3Mu.

3ampornonoBana TpupiBHeBa apxitektypa (Front-end, Process Layer, Data & Integration
Layer) 3a0e3neuye KOMIIJIEKCHY aBTOMAaTH3aI[il0 OCBITHBOTO MPOIIECY, MPO30PICTh YIPABIIHHA Ta
e(heKTUBHY B3a€EMOJIiI0 MK YCiMa Y4aCHUKaMH OCBITHHOTO CEPEIOBHIIIA.

@dopmadizamis Ta iHTerpamis OizHec-mporeciB Ha ocHoBi BPMN i UML e kio4oBoio
MepeayMOBOI0 TOOYAOBH CY4YaCHOTO 3aKjady OCBITH MiANPUEMHHUIIBKOTO THUITy. Peamizaris
3allpOMOHOBAHOTO MMIJIXOAY JIO3BOJISIE MIABUIIUTH €()EKTUBHICTH YNPABIIHHA, 3a0€3MeYUTH
MpO30pIiCTh  TISIIBHOCTI,  ONTUMI3YBaTH  BHKOPHCTaHHS  pecypciB  Ta  chopmyBaTH
KOHKYPEHTOCIIPOMOKHY, THYUKY i IU(POBOOPIEHTOBAHY OCBITHIO OpPraHi3aLilo.
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Vladyslava SKIDAN, Olena MYTELSKA,
Vadym AFTANDILYANTS, DMITRY FILIMONOV
Kyiv National University of Technologies and Design, Ukraine
AN ANALYTICAL STUDY OF INFORMATION TECHNOLOGIES
FOR MODELING BUSINESS PROCESSES IN ENTREPRENEURIAL-TYPE
EDUCATIONAL INSTITUTIONS

Obijective. To analyze modern information technologies for business process modeling and to justify
their application for improving the management efficiency of entrepreneurial-type educational institutions.

Methodology. The study employs methods of systems analysis, comparative research, business process
modeling (specifically BPMN and UML notations), as well as methods of structural-functional analysis. A
synthesis of scientific approaches to the digital transformation of educational institutions is presented.

Results. The study identified three groups of business processes in entrepreneurial-type educational
institutions: core, managerial, and support processes. A hierarchical structure of processes by management
levels (strategic, tactical, operational) was developed. The feasibility of using BPMN for modeling process
logic and UML for designing information systems was substantiated. An integrated model of digital interaction
between LMS, CRM, ERP, and Bl systems was proposed. A generalized architecture of a digital management
system for an educational institution was constructed.

Originality. It lies in the development of an integrated approach to modeling business processes of
entrepreneurial-type educational institutions based on the combination of BPMN and UML. Formulation of a
generalized multi-level model of an educational organization as a unified digital ecosystem. Identification of
the mechanism for the interaction of business processes and information systems within the framework of an
integrated management architecture. Justification of the concept of transitioning from process modeling to
automated management of the educational environment

Practical value. It lies in the possibility of applying the results to: the automation of management
processes in educational institutions; the implementation of digital platforms for managing the educational
process; the integration of LMS, CRM, and ERP systems into a single information system; improving the
effectiveness of management decision-making; optimizing resources and reducing the costs of managing
educational activities.

Keywords: business processes; BPMN; UML; entrepreneurial-type educational institution; digital
transformation; information systems; modeling.
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3acHoBHMKOM kypHady «TexHosorii Ta iHKMHIPpUHI» € Kuiscokuil
HAWIOHAIbHUIL YHIgEPCUmen mexHo 102l ma Ou3ainy.

HaykoBuii ¢axoBuil KypHall € TMPaBOHACTYIMHUKOM BUJaHHSI «BicHUK
KuiBCcbKOro HaIiOHAJILHOTO YHIBEPCUTETY TEXHOJOTIA Ta U3aiiHy», SIKMM Y CBOIO
yepry OyB MpPaBOHACTYMHUKOM >KypHaiy, «/3BecTusi BbICHIUX Y4EOHBIX 3aBEJCHUMU.
TexHoyorust JerKkod MPOMBINIICHHOCTH, KUK BHAaBaBcs 3 Oepe3Hs 1958 poky y
KuiBcbKOMY T€XHOJIOTIYHOMY 1HCTUTYTI Jerkoi mpomuciaoBocTi (CPCP).

Kypnaa «TexHoJsorii Ta iHZKHHIPHHI» — 1€ PELIEH30BAHE HAYKOBE BUIAHHS 3
BIIKDUTUM JOCTYIOM, TpHU3HAa4YeHe uid MyOmikamii pe3ynbTaTiB HAyKOBHX 1
MPUKIIAIHUX JOCTIHKEHB B Tally31 XiMii, XIMIYHIX TEXHOJIOT1# Ta papmartii. OcobmBa
yBara MPUAUIAETHCS MTUTAHHSIM PO3pPOOKH, JOCTKEHHS Ta BIPOBAIKCHHS
pecypcoeeKTUBHUX, €HEepro30epiratounx MpoIeciB Ximii, XIMIYHIX TEXHOJOTIA Ta
dapmariii, ekosoriuHoi Oe3neku XiIMIYHUX 1 (papMaleBTUYHUX BUPOOHHIITB,
BIIPOBA/DKCHHS TIPUHIIMIIB «3€JI€HOI» XiMii, a TakoX IepepoOKH BIAXOIB Ta
BTOPUHHOI CUPOBUHHU.

Iporpamui mini >xypHanmy «TexHonorii Ta I1HXUHIPUHT»: MyOJIIKaIisa
OpUTIHAJIBHUX CTATEH, BUCBITIICHHS Pe3yJIbTaTiB HOBITHIX JOCIIKEHb Ta aKTyaIbHUX
JOCSITHEHD Y Tally31 TEXHIYHUX HAYK.

TemaTtuuna cnpsimoBaHicTh KypHany «TexHosorii Ta 1HXUHIPUHI»:
dbyHIaMeHTaIbHI 1 TPUKIIAJIHI TOCTIHKEHHS B raily3i XiMii, XIMIYHUX TEXHOJIOTIH Ta
dapmarrii. OcobnmBa yBara MPUAUBIETHCS MUTAHHAM PO3POOKH, TOCHIKEHHS Ta
BIIPOBA/KEHHS pecypcoeeKTUBHUX, €HEPro30epiraloynx MpoleciB XiMii, XIMIYHUX
TEeXHOJOr Ta ¢apmaiii, eKoJoriuHoi Oe3neku XIMIYHUX 1 (apMaleBTUUHUX
BUPOOHUITB, BIPOBAKEHHS NPUHLUIIB «3€JCHO» XiMii, a TakoX MepepoOKH
BIJIXOJIIB Ta BTOPUHHOT CHPOBHHU.

TemaTuka cekuii TAKOXK 0XOILTIOE:

e CTBOPEHHS Ta JOCJIPKCHHS HOBUX XIMIYHUX MaTepialiB (MOJIMEPHHX,
KOMITO3UIIIMHUX, HAHOMAaTepialiB);

e XiMiYHIi, hapMalleBTUYHI Ta 610XIMIYHI MPOIECH 1 TEXHOJIOTI;

e TMPOLIECH KaTaji3y, TEIJIO0- 1 MAaCOOOMIHY;

e MOJICJIIOBAHHS Ta ITU(POBI3allisl XIMIKO-TEXHOJIOTIYHUX 1 (hapMaIleBTUUHUX
BUPOOHUIITB;

o 3a0e3MnedeHHs AKOCTI MPOYKIIi Ta MPOMHUCIIOBA Oe3IeKa.

o npyky npuiiMalOThCs HOBI CTATTI, sSIKi HEe Oynm OmyOIiKOBaHI paHilie i He
PO3IIISIIAIOTHCS B IHIUX BUAAHHSIX, @ TAKOXK MAIOTh BAKIIMBE HAYKOBE, TCOPETHUIHE Ta
MpaKTUYHE 3HAYCHHS Ta € Pe3yJbTaTOM OPUTIHAIILHUX HAYKOBHX JIOCIIKEHb aBTOPIB.

HayxkoBuii npo¢ins BuganHs (Ha3Ba kjaactepy): XiMis, XiMi4HI TEXHOJOTI1
Ta (hapMmarris:

« G1 XimiuHi TexHo0JI0Tii Ta iH:KEHepis,

o I8 ®dapmanis.

Bunanus opieHTOBaHEe Ha BUKJIAJaviB, CTYJCHTIB 1 aCIlipaHTIB, CITIBPOOITHUKIB
HayKOBO-JIOCJIITHUX YCTaHOB 1 (DaxiBI[IB MPOMHUCIOBOTO CEKTOPY, 3alliKaBICHUX Y
PO3BUTKY Cy4aCHUX XIMIYHUX 1 (hapMarieBTUUHUX TEXHOJIOTIH.
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