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DESIGNING THERMAL PROTECTIVE WORKWEAR
WITH AUTONOMOUS LIFE SUPPORT SYSTEM

Purpose. The purpose of this study is to provide scientific and experimental substantiation of the principles
for designing effective thermal protective special clothing (TPSC) equipped with an autonomous life support
system, based on the integrated implementation of passive and active thermal protection methods under
conditions of extreme and ultra-high temperature exposure. The research is aimed at establishing
thermophysical regularities of heat transfer within multilayer material assemblies and developing a
predictive model for temperature distribution and protective performance time under convective heat
removal conditions.

Methods. The research methodology is based on a combination of theoretical modeling, experimental
determination of thermophysical characteristics, and engineering design approaches. The theoretical
framework relies on the theory of non-stationary heat transfer and the method of regular thermal regime,
employing analytical solutions of differential equations describing heat conduction and convective heat
exchange processes in porous multilayer systems. The thermophysical parameters of materials and material
assemblies were determined using a flat bicalorimeter and a regular regime microcalorimeter. The study
encompassed material packages composed of metallized heat-reflective outer layers, heat-resistant fabrics,
membrane materials, thermal insulation interlayers, and lining materials. In addition, a nanostructured
textile material modified with silver nanoparticles synthesized via a green technology approach was
Copyright © The Author(s). This is an open access article

distributed under the terms of the Creative Commons Attribution
License 4.0 (https://creativecommons.org/licenses/by/4.0/)
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developed and implemented as a hygienic underwear layer. A comparative analysis of various package
configurations was conducted in order to identify optimal combinations according to thermal resistance,
density, and ergonomic performance criteria.

Results. It was established that the exclusive use of passive thermal protection under ultra-high temperature
conditions is ergonomically inefficient due to the necessity of significantly increasing garment thickness and
mass. The integration of an active convective cooling system ensures a substantial increase in the effective
thermal resistance of the multilayer structure. A mathematical model describing temperature distribution
within a porous thermal insulation layer under forced air filtration conditions was developed. An efficiency
coefficient of active thermal protection was introduced and analytically determined, enabling quantitative
evaluation of cooling system performance. Experimental results confirmed that optimized material packages
incorporating metallized outer layers and advanced thermal insulation materials provide enhanced thermal
resistance while maintaining acceptable weight and dimensional characteristics. The application of the
nanomodified textile material in the inner layer ensures compliance with hygienic requirements, ultraviolet
radiation protection, and improved environmental sustainability of the production process.

Scientific novelty. For the first time, a comprehensive physical model of heat transfer in thermal protective
clothing combining passive multilayer thermal insulation with active convective cooling has been
theoretically substantiated. An analytical solution to the problem of temperature distribution within a
porous thermal insulation layer under convective filtration conditions was obtained, enabling determination
of the heat flux penetrating toward the human body as well as calculation of the efficiency coefficient of
active thermal protection. The approach to the classification of heat-resistant materials according to their
thermophysical characteristics and functional role within multilayer assemblies has been further developed.
The use of a nanostructured textile material containing silver nanoparticles synthesized through an
environmentally safe method is proposed as an integral component of combined thermal protection systems.
Practical significance. The obtained theoretical relationships and experimental results provide the
possibility of predicting the protective performance time and ergonomic characteristics of thermal
protective special clothing at the pre-design stage. The developed design principles contribute to the
creation of competitive, high-technology products intended for fire-rescue units and professionals operating
under extreme temperature conditions. The implementation of nanomodified textile materials enhances the
hygienic properties of garments, ensures ultraviolet protection, reduces energy consumption in the
manufacturing process, and improves the environmental safety of the technology. The proposed approach
establishes a methodological foundation for the further development of adaptive and autonomous life
support systems in the design of modern protective clothing.

Keywords: clothing design; special-purpose thermal protective clothing; textile barrier materials;
convective heat transfer; thermal-protective properties of materials.

IHNPOEKTYBAHHSA TEIIVIO3AXUCHOI'O CIIEIOAATY
3 ABTOHOMHOIO CUCTEMOIO ’KUTTE3ABE3IIEYEHHSA

KOJIOCHIMEHKO OJIEHA, OCTAIIEHKO HATAJIISL, CTPYMIHCBKA TETSHA,
JIVUKEP TETAHA, MAMYEHKO SHA, AJIOBUU BITAJIIN, KOJIOCHIYEHKO MAPMHA

KuiBchkuii HallioOHATBHUN YHIBEPCUTET TEXHOJIOTIH Ta 1u3aiiny, YKkpaina

Mema. Memoro 00cnioxiceHHs € HayKoge ma eKCHepUMeHmaibHe 0OIPYHIMY8aAHHA NPUHYUNIE NPOEKINYBAHHSL
ehexkmusrHo2co  menio3axucHoeo  cneyianbioeo oosey  (13CO) 3 asMOHOMHOIO — CUCEMOIO
arcummesade3neuer s Ha OCHOGI IHMe2poB8arnol peanizayii NACUBHUX | AKMUBHUX CHOCODI8 MENI03AXUCT) 8
YMOBAX 6NAUGY EKCMPEMANbHUX ma HAOBUCOKUX memnepamyp. Jocniodcenns cnpsamosane Ha
B6CMAHOBIEHHA ~MENI0QIZUUHUX 3AKOHOMIDHOCMEL MenjionepeHocy 8 06azamouaposux naKemax
mamepianie i po3pooOaeHH NPOSHOCMUYHOT MOOei PO3NOOLTY MmeMnepamyp ma 4acy 3axucHoi oii 3a ymos
KOHBEKMUBHO20 MENNO3HIMAHHA.

Memooonozia  00CHiOHCEHHA  IDYHMYEMbCA  HA  NOEOHAHHI  MEOPEemMUdHO20  MOOEN08AHHS,
EeKCNePUMEHMATLHO20 BUZHAYEHHSI MENI0OQI3UUHUX XAPAKMEPUCIMUK | THICEHEPHO-KOHCIMPYKMOPCLKUX
nioxooig. Teopemuune o0OIpYHMYSaHHA 0A3YEMbCA HA  NONONCEHHAX Meopii  HeCcmayioHapHo20
MenionepeHocy ma memoody pezyiapHo20 MENI08020 pedCUMy, 3 BUKOPUCMAHHAM AHATIMUYHO20
PO38’A3aHHA OuhepeHyianbHUuX pi6HAHb, WO ONUCYIOMb NPOYecU MenionpogioHOCMi ma KOHEEKMUBHO20
menioooMiHy 6 nopucmux bazamouiaposux cucmemax. Tenno@izuuni nokasHUKU mamepianie i nakemis
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BUSHAYANUCS 13 3ACIOCYBAHHAM NIOCKO20 DIKAIOpUMEMPA Ma MIKPOKALOPUMEMPA PESYIAPHO20 DENCUMY.
Jlocniosicennst oxonosanu nakemu, ChoOpMosani 3 MeMaiiz08aHux meniosioOUsHUX Wapie, MmepMoCmitikux
MKAHUH, MeMOPAHHUX Mamepianie, Menioi3oNAYiuHUX npouwapkie i nioxiaokosux mamepianis. OKpim
moeo, po3pobieHo ma 8NPoBAIICEHO HAHOCMPYKIMYPOGAHUL MEKCMUIbHULL Mamepian, MOOUpikosanutl
HAHOYACMUHKAMU CPIONA, CUHME308AHUMU 30 «3€EHOI0» MEXHOLOZIEI, WO 3ACTOCOBAHO K 2ici€HIUNHUL
Oinusnsnuil wap. I[Iposedeno nopisHsIbHUL AHANL3 PI3HUX KOHGIZYpayill nakemis 3 Memolo 6UHAYEHHS
ONMUMATLHUX KOMOTHAYTU 3 NOKA3HUKAMU MEPMIYHO20 ONOPY, WINbHOCME A epeOHOMIYHOCHI.

T'onoeni pezynomamu. cmanogneno, wo UKOPUCTIAHHA BUKTIOYHO NACUBHO20 MENI03AXUCIY 8 YMOBAX
HAOBUCOKUX MEMNEPAmyp € epeOHOMIYHO HeepeKMUsHUM uepe3 HeoOXIOHICMb 3HAYHO20 30LNbULeHHS.
MoBWUHU ma macu eupobis. Inmeepayis akmueHoi KOHBEKMUBHOI CUCTNEeMU O0X0N00MCeHHs 3abe3neuye
cymmese  3pOCMAHHA — eeKmugHo20 MepMiyHo20 Oonopy bazamowiapogoi cucmemu. Ompumano
MamemMamuyHy Mooeib pO3N0OLy meMnepamyp y HOPUCHOMY MeNIoi30NaYiuHOMY wapi 3a YMo8
npumycoeoi (inempayii nosimpsi. 3anposaddiceno ma anariMmuYHO U3HAYEHO KoepiyieHm egpekmusHocmi
AKMUBHO20 — TMENNI03AXUCMy, WO 00380JAE  KIIbKICHO — OYiHIo8amu  pe3yibmamueHiCms — cucmem
oxonooxcenus. Excnepumenmanvno niomeeposiceno, wjo onmumizoeami nakemu 3 MemanizoeaHuMu
B06HIWHIMU WAPAMU MA CYHYACHUMU MENI0I30AAYIUHUMY Mamepiaiamu 3abe3neyyroms niosuuerull
mepmiunull  onip 3a  30epedcenHs NPUUHAMHUX —MAcOo-2abapumuux HOKA3HUKIG. Buxopucmanms
HAHOMOOUDIKOBAHO20 MEKCMUTbHO20 MAMePIany Yy 6HYympiuHboMy wapi 3abe3neuye 6iON0GiOHICMb
CAHIMAPHO-2ICIEHIYHUM BUMO2AM, 3AXUCT 810 YIbMPaionemoso2o SURAPOMIHIOBAHHS MA NIOBUWEHHS
eKOoN02IUHOCMI BUPOOHUYMEA.

Haykoea noeusna. Ynepuie meopemuuno o0IpyHmMoBaH0 KOMNJIEKCHY Qi3uuHy Mooers menionepeHocy 6
Men03axXUCHOMY 00531, WO NOEOHYE NACUBHY 6A2aMOUAPO8Y MENI0I30NAYII0 3 AKMUBHUM KOHBEKMUBHUM
oxonoodcentuam. Ompumano anarimudHuil po38 130K 3a0aqi posnoodily memnepamyp y NOpUcmomy
MEeNN0I30AYIIHOMY WAPi 3a YMO8 KOHBeKMUBHOI (hinbmpayii, o 0036015€ SUBHAYAMU MENI08UL NOMIK,
AKUU NPOHUKAE 00 MiNa JOOUHU, d MAKONC pO3paxosyeamu Koe@iyicnm epekmueHocmi axKmueHo2o
mennosaxucmy. Tooanvuioco pozeumky Hadys nioxio 00 Kiacu@ixayii mepmocmiukux mamepianie 3a ix
MENTOPIZUYHUMY  XAPAKMEPUCTIUKAMU A (DYHKYIOHATbHUM NPUSHAYEHHSIM Yy CMPYKmypi naKemis.
3anpononosano SUKOpUCMAaHHA HAHOCMPYKIMYPOBAHO20 MEKCMUNLHO20 MAmepianry 3 HAHOYACIMUHKAMU
cpibna, oOmMpuMaHuMu eKoI02iYHO Oe3neuHuM CHnocoboMm, K CKIA0080I KOMOIHOBAHUX cucmem
Mmenio3axucmy.

Ilpakmuuna 3uauumicms. Ompumani meopemuyHi 3aNeHCHOCMI Ma eKCnepuMeHmdanivti pe3yibmamu
3a0e3neuyromy  MONCIUGICMb  NPOSHO3VBAHHSA  4ACY 3AXUCHOI Oii ma epeoOHOMIYHUX NOKA3HUKIG
MeNnI03axXUCH020 CneyianbHo20 0052y Ha nepeonpoekmuomy emani. Pospobneni npunyunu npoexmyeaHHs
CHpUAIOMb  CMBOPEHHIO  KOHKYPEHMOCHPOMOIICHUX ~BUCOKOMEXHONOSTUHUX BUpP00i8 Olisl  NOJHCEHCHO-
pAamyeanvuux niopo3oinie ma axieyie, wo nNpayroOMb 8 YMOBAX eKCMPEeMATbHUX MeMnepamyp.
Ynposaoowcenns nanomooupixosanux mexCmuibHux Mamepianie niosuwye icicHiYHI XapaKmepucmuxu
supobis, 3abesneuye yrbmpaghionemosutl 3axXucm, IMEHULYE eHepeosUMmpamuy y 6UpoOHUYOMY npoyeci ma
niosuwye exono2iuny besneynicms mexnonozii. 3anpononoganuii nioxio Qopmye memooono2iuny 0CHO8y
0151 NOOANLULOZO PO3BUMKY AOANMUBHUX | ABMOHOMHUX CUCTEM HCUMME3AOe3NeyeHHs: Y KOHCMPYKYIL
CYYACHO20 3aXUCHO20 0052).

Knwuogi cnosa: npockmyganus 00sey; menjio3axuchull 00se cneyianrbHo2o NPUsHAYeHHs; MeKCMUIbHI
bap epHi mamepianu, KOHEEKIMUGHA MeENIOnepedaid; menio3axuchi XapaKkmepucmuxy mamepianis.

Introduction. The experience of working in
hazardous areas exposed to high temperatures,
performing emergency rescue operations, and
protection of workers that need to move long
distances shows that the principle of passive
thermal protection does not completely provide
high-quality performance of work. This is due
to the fact that the efficacy of passive protection
methods is determined solely by the ability to
withstand external thermal loads thanks to the
well-founded selection of materials in
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composites, which is an integral complex task
[1]. Based on the above, the development of
modern personal protective equipment (PPE)
against extreme heat makes it impossible to
apply the passive principle for reasons of
product ergonomics. This principle implies
multilayered, multifunctional, and
interdependent of individual materials used for
thermal protection of the human body, which,
under conditions of extreme heat impact,
requires the development of very thick (more
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than 30 mm) composite clothing. Therefore, it
is important to combine passive and active
protection methods when developing effective
PPEs against the impact of ultra-high and
extreme temperatures. It should be noted that
"heat-resistant  nanostructured  composite,
ceramic, and metal materials have great
potential for use in many industries due to their
resistance to chemical decomposition at
elevated temperatures” [1]. Among these
innovative products, carbon structural materials
with a maximum operating temperature of up to
1650 °C can be distinguished. While the outer
layers of PPE materials are designed to provide
direct protection against the impact of
environmental heat, the inner layers that come
into contact with the human body should have
physiological compatibility. Such materials can
improve the sanitary, hygienic, and protective
properties of clothing.

Analysis of previous studies and problem
statement. In recent years, nanotechnology has
become increasingly available from an
economic standpoint, while from a technical
standpoint, it has become possible to model,
implement, and control processes at the
nanoscale. This progress has been stimulated by
the growing demand for new materials, caused,
on the one hand, by the depletion of raw
material resources and, on the other hand, by the
active implementation of nanotechnologies into
the production of products with fundamentally
new properties [2, 3]. Due to the use of
nanomaterials, effective solutions to a number
of tasks related to the development of modern
types of protective workwear may appear in the
near future [4]. The large number of new
materials requires studying their properties and
developing a classification of heat-resistant
materials, which makes it possible to easily
determine their entire range and predict their
behavior in  high-temperature aggressive
environments [5].

The first noticeable effects in the application
of nanomaterials and nanobiotechnology for
human protection, as well as
nanoelectromechanical systems, are expected in
the next five years. The most significant
breakthroughs of the next decade may be the
molecular production of macroscopic objects,
so-called “desktop nanofactories”. The

convergence of nano-, info-, bio-, and cognitive
technologies may eventually provide extending
the active stage of human life [6-8]. Perhaps
these fields will determine the modern
technologies in the future. High expectations
are primarily associated with the development
of hybrid structures that combine organic
segments with inorganic ones, or living tissues
with synthetic components which provide new
properties through the development of
nanocomposites in the design of modern
protective materials.

The aim of the study was to determine the
features of designing effective thermal-
protective special clothing (TPSC) combining
passive and active methods of protection against
the impact of extremely high temperatures. Heat
transfer processes were theoretically analyzed
for determining temperature distribution in
clothing layered materials during convective
heat removal. This research is aimed at
predicting the protective effect of the clothing
in order to reduce injuries and deaths among
workers, and conduct emergency rescue
operations at the proper level, that can be a basis
for the development of new types of TPSC.

Materials and Experimental Techniques.
Modern concepts for the development of
functional thermal-protective clothing involve
searching for universal solutions in combining
materials into composite packages that are
potentially capable of providing thermal
protection for people in finished products. The
implementation of the above tasks makes it
possible to develop innovative, competitive,
high-tech textile products with targeted
properties for various applications. Clothing
made from modified materials should reduce
risks under harmful environmental conditions
and, together with special design and
technological solutions, favor the adjustment of
clothing for various conditions. The following
useful methodological and technical procedures
should be highlighted:

— methodological  approach to  the
peculiarities of designing special-purpose
clothing;

— methodology for the informed choice of
textile materials and their protective properties,
as well as threads and accessories through
comparative analysis of targeted properties;
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— methodology for experimental research to
determine the heat-resistant properties of
materials under the impact of high-temperature
environments;

— methodology for an ergonomic design of
a reasonable product range, etc.

A scientifically based approach is important
to develop TPSCs with targeted operational,
ergonomic, protective, and, accordingly,
technical and economic properties. Ukrainian
and mainly foreign samples of fire-resistant
materials for external covering, thermal
insulation liner, and pad were selected for
research due to a significant reduction in the
market segment for these materials in Ukraine.

The implementation of the principle of
combining passive and active protection
requires the use of textile nanostructured
materials. We proposed the use of innovative
textile materials developed under a Kyiv
National University of Technologies and
Design  (KNUTD) patent, with silver
nanoparticles incorporated in the lining layer of
protective clothing [9]. The use of newly
developed materials fully meets hygiene
requirements and provides protection against
ultraviolet radiation. At the same time, the
proposed technology is cost-effective in
industrial implementation compared to existing
techniques of producing materials; besides, it
enhances the environmental friendliness of the
production due to the use of "green™ technology
for manufacturing silver nanoparticles [10]. The
goal was achieved by using a colloidal solution
of protective substances extracted from fungal
mycelium cell filtrate, which stabilizes silver
nanoparticles.

Thus, in the proposed method, the
production of modified material is simplified by
permeating the textile material with a colloidal
solution containing silver nanoparticles. The
colloidal solution is absorbed and uniformly
distributed throughout the textile material.
Silver nanoparticles are located between the
fibers of the fabric and on its surface, that results
in a protective effect against ultraviolet
radiation. The production of modified material
is comparatively cost-effective due to the
absence of heat treatment such as heating or
high-temperature drying, i.e., energy costs are
reduced by carrying out material modification

under normal conditions. It should also be noted
that the use of “green” technology for producing
silver nanoparticles enhances the environmental
friendliness of the technology.

The advantages of the proposed technique
are as follows: (1) simplification of the process
of producing modified material by permeating
the textile material with a colloidal solution
containing  silver  nanoparticles; (2) the
possibility of modifying textile material using
existing finishing production equipment;
(3) energy efficiency, as the modification is
carried out under normal conditions;
(4) environmental friendliness due to the use of
"green" technologies.

The textile material is permeated with a
colloidal solution containing silver
nanoparticles, which is stabilized for five
minutes with protective substances produced
from the cell filtrate of fungal mycelium. The
permeated modified material is dried under
normal conditions. We tested the new material
in a clothing with passive thermal protection, as
well as in a clothing with active thermal
protection under extreme thermal conditions.

Unlike passive clothing, TPSCs with active
thermal protection require the presence of a
cooling layer in the composite material, which
depends on the type of protection. In this study,
we examined heat transfer processes in clothing
with active thermal protection to provide
effective human performance in superheated
environments.

There are several approaches to actively
maintaining thermal homeostasis in the human
body under extreme thermal conditions [11].
The main requirements for active thermal
protection systems are:

the system should have sufficient heat
transfer, which corresponds to the intensity of
heat production by the body and the
microclimatic parameters of the environment;

the system should provide the heat exchange
structure and body temperature topography
necessary to maintain thermal comfort.

As known, regular thermal regime is based
on the phenomenon of free cooling of a heated
body (system) in a gaseous or liquid
environment. Therefore, a non-stationary
thermal process is always associated with a
change in the heat content of a body and is
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determined by it. Since the rate of change in
heat capacity is directly proportional to the
material's ability to conduct heat (thermal
conductivity coefficient A) and inversely
proportional to its heat storage capacity (i.e.,
specific heat capacity per volume c), the overall
rate of heating or cooling of a body under non-
equilibrium conditions is determined by the

value of the temperature conductivity
coefficient:
A
a=——"mh 1)
c-p

where p is the density (specific weight) of the
composite material, m*/kg.

In the fundamental theorem of steady-state
theory, the logarithm of the temperature
difference 0 at any point of the body and the
surrounding environment changes according to
a linear law, with the same rate at each point and
decreases over time T according to an
exponential law:

f=A-e" @)

where A is the proportionality factor that does
not depend on time;

m is a positive value corresponding to
limited time, which is the same for any point of
the body.

The parameter m is a central concept in the
steady-state theory, which describes the relative
cooling rate of a body, and is called the cooling
rate. The materials and packets made of heat-
resistant fibers were studied, which were tested
in certified laboratories of KNUTD [12].
Depending on the type of materials, TPSC
packets included: outer material, insulating
layer, and lining (non-woven material). A
modified textile material with  silver
nanoparticles was used as the undergarment
layer of protective clothing.

If the clothing contained heat-reflective
material with a metallized coating, the packets
were formed with it as the outer layer. As
widely known, the effectiveness of thermal
protection depends on the thermophysical
properties of materials, especially those used as
a thermal insulation layer (insulation). In order
to increase the thermal resistance of thermal-
insulative clothing, the number of insulative

layers may vary, but the total thickness of the
layered composite materials should not exceed
20 mm in accordance with the ergonomic
requirements of the product.

Results and Discussion. Specific heat
capacity was measured in a regular mode at a
"Kaplya" microcalorimeter. As noted above,
determination of heat capacity does not allow
for a complete understanding and prediction of
the thermal insulation properties of composite
packets and finished products. The thermal
conductivity of a layered composite packet is
determined by the thermal conductivity
coefficient A, while for materials used in
clothing, the thermal resistance R of materials
and layers of protective clothing packets is
considered more useful and illustrative.

The thermal insulation properties of materials
were determined using a device with an improved
regular mode — a flat-plate calorimeter, which
allowed determining the thermal conductivity
coefficient of both technical materials (0.1< y
<1000 kg/m®) and the thermal resistance of

fabrics, layered composite packets, fur,
corrugated board, etc. [13, 14].

The thermal conductivity coefficient,
thermal resistance, and temperature

conductivity coefficient were calculated based
on the results obtained at a flat-plate
calorimeter. The following formula was used
for calculating thermal resistance R (m?K)/W:

1
(p.f.(m_Aj’ (3)
b

where @ is the device factor, which depends on
the dimensions and material of the device,
device constant ®=14.1 103 J/(m2K);

f isthe heat flux dissipation factor, that
is a function of sample thickness, f =0.90;

m is the cooling rate (c-1);

A is the instrument constant that
determines heat loss through the side surface:
A=11510-4,c-1

R =

The thermal conductivity coefficient
(W/(m K)) is determined as
o
A=—, 4
R (4)
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where o is the thickness of material (packet

of layers of different materials), m.

The thermal and physical properties of the

materials and composite packets studied are
listed in Tables 1 and 2.

Table 1
Properties of materials used in TPSCs
- )

5 2 |« g o |Eun 2 <
= 3 2 4 E g - Qcpe = %
£5 88| | o8& |88 3 St
£ & Sless| E&| £ |EET £ £
Sz 8 27| 88 |88 E £ $3

£ 5 | E §°d |87 T S

S 3 -

1 2 3 4 5 6 7 8
Function of material layer in packet
1 Heat reflective
Vacuum metallized Nomex, AV 1/2 A: | 370 | 0410 | 1489 0 non-flammable | 0.044
(Tempex GmbH, Germany)
Terlon, metallized with PET film, RF1/Y A, | 540 | 0.532 1518 0 non-flammable 0.046
(Tempex GmbH, Germany)
Linen canvas with heat-resistant filling by flammable. hardl
88 glue, metallized by transfer (TU 17- Az | 480 | 0.523 1314 8.0 combusitible Y| 0.054
21-193-77, Ukraine)
Function of material layer in packet
2 Heat resistant
Linen canvas with heat-resistant filler, flammable, medium
item 11116 (GOST 115530, Ukraine) B. | 470 | 0.511 1636 15 flammability 0.052
Nomex Il fabric,
(Dupont, Switzerland) B, | 265 | 0.326 1938 52 non-flammable 0.042
Nomex Delta T fabric
(Dupont, Switzerland) Bs | 195 | 0.302 1964 58 non-flammable 0.043
Nomex fabric, GORE-TEX laminate
(Gore GmbH, Germany) B, | 310 | 0.338 1768 0 non-flammable 0.048
Special heat-resistant fabric (HRF) i}
(TU U17242-41-96, Ukraine) Bs | 248 | 0.322 1924 54 non-flammable 0.045
Function of material layer in packet
3 Waterproof
GORE-TEX membrane material,
(Gore GmbH, Germany) C. | 160 | 0.120 i 0 - -
Rubberized fabric, item 356 (Ukraine) C, | 380 | 0.351 1830 0 hardly flammable -
Function of material layer in packet
4 Heat-insulating
Polyamide synthetic wadding (synthetic T 338 | 561 2950 98 non-flammable, 0.038
winterizer), (Ukraine) ! ) melting )
Wool-phenyl knitted quilt batting T 416 | 6.36 2135 86 non-flammable, 0.042
(Ukraine) 2 ' smoldering '
Needle-punched nonwoven fabric made
of Nomex fibers (DuPont, Switzerland) Ts | 190 | 4.6 1998 92 non-flammable 0.036
Needle-punched nonwoven fabric, 70% non-flammable
polyamide fibers, 15% wool, and 15% Ts | 348 | 6.05 2315 96 meltin ! 0.041
Nomex (Ukraine) 9
Wool batting (GOST 18273-80, Ukraine) | Ts | 448 | 6.48 1382 103 ”Osr‘n:(')"’l‘;”ernﬁg'e 0.040
Function of material layer in packet
5 Lining
Lining twill fabric (item 3224, Ukraine) E: | 126 | 0.13 - 160 - -
Cotton-polyester fabric (item SP322,
Ukraine) E, | 130 | 0.14 - 110 - -
Plain dyed calico
(item 524, GOST 11680-76, Ukraine) Es | 1241 0.13 i 180 i i
Nomex fiber lining fabric
(DuPont, Switzerland) Ee | 1151 0.13 i 115 i i
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Table 2
Thermal properties of special protective clothing packets
. Thermal Temperature
Code Packet number I?acket Density, Tr_lermal Specmc_heat conductivity condpuctivity
r}umb'i r (Table 2.1) th'CkgeSS’ 9, kg/m? res'sga”‘;e’ ca;;aif Iy, coefficient, 4, | coefficient ¢,
of packet 0,x10%, m R, (M*K)W | ¢, JI(kg K) Wi(m K) 107 m2lc
1. A1B4T3E, 5.45 59.8 0,121 1430 0,045 1.67
2. AT T4Ey 12.18 37.2 0,283 1440 0,043 4.36
3. A1BsCiT4T4E 13.15 39.3 0,313 1370 0,042 3.88
4. ABCi T T4E, 13.69 41.7 0,334 1540 0,041 3.48
5. B1CiT,E3 6.98 42.4 0,148 2130 0,047 2.26
6. B3CiT4E3 6.77 40.1 0,138 2060 0,049 2.33
7. BsCoT4E3 6.97 44.8 0,134 1940 0,052 242
8. B4T3Es 5.04 47.5 0,105 2350 0,048 1.37
9. B1C,TsEy 7.53 55.3 0,134 1240 0,056 3.42
10. B4T3E4 4.96 29.1 0,127 2165 0,039 2.46

According to the data shown in the tables
above, packets 2-4 had the best properties.
Nevertheless, the properties of the packets with
an outer metallized layer should be emphasized.
This layer enhances thermal resistance and
provides fire protection, but significantly
increases the weight of the clothing due to the
metal layer, as well as the necessary double-
layer thermal insulation required due to more
severe conditions of use.

Among the packets used to make clothing
with passive thermal protection, packets 5 and 6
are particularly noteworthy, although others are
also suitable for use in a wide range of
temperatures due to well-grounded combination
of materials. All packets are water-proof,
contain surface-active substances, and also have
the ability to remove moisture from interior
volume. Packet 9, whose composition is
currently used in modern types of TPSCs in
various professions, raises serious doubts.
Linen canvas saturated with heat-resistant
substance has unsatisfactory flammability,
while the rubberized fabric in packets 9 and
7 impedes removing excess moisture from the
interior volume, which is unacceptable. Packet
10 is remarkable, which includes the materials
produced by DuPont company (USA). Beside
high thermal insulation, this fabric has a low
density, which is an important advantage of this
clothing. Due to these properties, these
materials can be applied in TPSCs both with
passive and active protection, which are used in
a wide range of temperatures. However, its
widespread use is hampered by excessively high
prices. Thus, the searching experiment allowed

narrowing down the search and further research
on materials and composite packets that are
most versatile in terms of their properties for
most types of TPSCs used at high temperatures.

The problem of using clothing at extremely
high temperatures was solved based on well-
known designs of ventilation in clothing. Active
heat protection was used, which involved
supplying cool air into the interior volume of the
clothing, cooling the human body with it, and
removing a uniform flow of used air into the
atmosphere through the porous heat-insulating
clothing. The study of this method of thermal
protection leads to the following conclusions.
Let us consider a heat-insulating layer of
clothing in the form of an infinite flat plate with
a thickness of o, made of a material with
through porosity, which has a constant thermal
conductivity coefficient A. On one surface, the
plate has a temperature close to human body
temperature TO, and on the other surface, it has
elevated temperature T1 (boundary conditions
of the first type). In this case, the heat
conduction problem is one-dimensional, and the
heat flow through the plate is:

A AT
q :_(Tl_TO):_’

. R (5)

o . :
where R; == is the thermal resistance of the

system.

Let us consider a flow of a gas with heat
capacity cp. Let its initial temperature be To, and
the flow rate per second through a unit surface
area be j kg/(m?c). Obviously, in this case, heat
transfer inside the plate is determined by two
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components:  thermal  conductivity, and
convective heat exchange between the plate and
the filtered gas. The first component in the cross
sections x and (x+dx) is

dT
=—4—< 6
O ot (6)
d(_ dT,
q(x+dx) = _ﬁ’&(TC + dx de (7)

The difference between these values, based
on the energy balance condition, is equal to the
second component, which is determined by the
change in gas enthalpy between these cross-
sections:

dq =Qq, - q(x+dx) =dh= hx - h(x+dx) . (8)

If we assume that, due to slow continuous
gas permeation through the porous material of
the plate, a local temperature equilibrium forms
between the layers, then

d’T .
/Ide= jc, -dT. 9)

Therefore, the temperature distribution in the
plate is described by the following differential
equation:

d’T dT
—y— =0, 10
a7~ dx 10
e,
where y=—-.
x A
Equation (10) has the following solution:
T =ce” + C, (11)
Taking into account boundary conditions:
T=T, at x=0
T=T atx=o0
equation (11) gives
CT-T, o T,-T,
ey T e (D
Then equation (11) takes the form
T.-T
T=Ty+ (e -1) (13)

The temperature distribution profile inside
the plate, according to equation (13), is plotted

in Fig.1. The amount of heat transferred
through the plate with air reaching the human
body can be calculated using the equation

: dT A yo AT
= —/1— = —_— T —_ —_— =,
q dX o 5( 1 O)elb _1 R—F (14)
¥ _
where R; = oer -1 is thermal resistance of a
As

plate with active thermal protection.

Comparison of this expression with the
equation (5) that describes the normal thermal
conductivity of the plate allows evaluating the
effectiveness of proposed approach to thermal
protection [14]. In the latter case, the thermal
resistance of the plate increases by a factor of n:

* 75
=R &1 (15)
R Xs

Parameter n can be called the coefficient of
active thermal protection efficiency (Fig. 2).

However, despite the obvious advantages of
ventilation systems (relative plainness of design
and the possibility of using air from industrial
enterprises' systems; providing oxygen supply
to humans; sufficient psychophysiological
suitability for humans; the possibility of high
perspiration efficiency; the ability to remove
toxins (anthropotoxins) from the interior
volume), convective protection systems have a
number of certain drawbacks. These include:
insufficient overall protection against extremely
high heat; the possibility of pain at extreme air
temperatures and increased air velocity;
significant contribution to overall water loss.
This necessitates the development of heat-
protective clothing with other means of active
heat protection under various environmental
conditions.

Thus, the study showed the need to develop
and implement a physical model for the design
of protective workwear with active thermal
protection, as well as to suggest approaches to
the design of clothing with active thermal
protection not only by convective, but also by
conductive and combined ways of heat removal,
and removal of metabolic products from the
interior volume. We will consider these issues
in further research.
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Fig. 1. Dependence of plate temperature T
on parameter 5 (0’ — 5’ — tangents
to temperature curves 0 —5)

Conclusions.  The  presented  study
scientifically proved the concept regarding the
implementation of the principle of combining
passive and active protection in the
development of effective means of individual
protection against extreme temperatures. It is
shown that the use of passive thermal protection
at extremely high temperatures does not provide
the ergonomic performance of new types of
clothing, so the use of active thermal protection
systems is required. It is proven that the
development of passive protection needs the
implementation of the concepts of
multilayeredness,  multifunctionality, and
interdependence of individual layers of the
composite material packet. A classification of
materials is developed based on the production
and composition of raw materials used for the
manufacture of special thermal-protective
clothing. The author's  nanostructured
innovative textile material is proposed for the
design of thermal-protective clothing, which
contains a lining layer with silver nanoparticles
and combines the concepts of passive and active
thermal protection.

The main directions of research in the
development of modern structural and
functional materials for the design of thermal-
protective workwear are identified. The
international research is expected to lead to the
following results: the development of the
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gradient coatings based on nanocomposites
with effective protection of seams and products
from external factors; the development of
thermal-resistant and thermally stable carbon
materials, including those modified with
nanoparticles, ultra-lightweight foamed
materials, fibrous thermal insulation, shielding
and thermal insulation materials, etc., as well as
disposable thermal-protective coatings with a
low thermal conductivity ceramic layer and
composite barrier layers.

Based on heat and mass transfer theory,
assuming accepted hypotheses, boundary
conditions, and assumptions, the problem of
temperature distribution inside a layered
composite packet during convective heat
removal is solved for the first time. The
equations obtained make it possible to
determine the amount of heat reaching the
human body, as well as to determine the
coefficient of thermal protection efficiency
during convective heat transfer. The
relationships  between  parameters  and
dependencies of the thermal protection system
in a clothing with an autonomous convective
life support under conditions of various material
packets are obtained. This allows predicting the
time of protective action of a thermal-protective
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JOCIIIKEHHA KIJIBKICHUX XAPAKTEPUCTUK
HPOBIJHUX PO3SMIPHUX O3HAK PIT'YP JIIBUAT
MOJIOAIOI'O HIKIJIBHOI'O BIKY

Mema. Jlocniodicennsn KinbKICHUX XAPAKMEPUCTMUK HPOGIOHUX POIMIPDHUX O3HAK (hieyp CYHACHUX Oiguam
MONOOUL020 WIKIIbHO20 8IKY OJIsl GU3HAYEHHS AHMPONOMEempudHoi iHgopmayii, docmamuvoi 0
NPOMUCTIOB020 BUPOOHUYMBA OUMSHLO20 00S2).

Memoouka. Y pobomi 6uxopucmano KOHMAKMHUL Memoo OMPUMAHHS AHMPONOMempuyHol inghopmayii,
wo xapaxkmepu3sye @icypy OumuHu.

Pesynomamu. Biocymuicms onosneHoi cmanoapmusosanoi anmponomempuyHoi inghopmayii npo munu
oumsuux gizyp npuzeo0ums 00 GUCOMOBLEHHSL Y NPOMUCIOBOMY BUPOOHUYMEI HeCnispo3MipHo20 0osey. Le
8UMA2AE NPOBEOEHHSL OOCHIONCEHHS BION0GIOHOCHE MUNOBUM (icypam CyuacHux oimeti 3 Memoi nepeisoy
eanyzesux cmanoapmie. Bcmanoeneno, wo mineku 66,7% munosux ¢icyp oieuam 9,5-11,5 poxis
npeocmasnero 6 CMaHoapmi Moi100U020 WKIIbHO20 8iKY, a matidce 30% - 6 cmandapmi diguam cmapuioi
WKIbHOT 6iK060T epynu. Kpim moeo, 6cmaHosieHo KIIbKICHUL 3CY8 HAAGHUX MUnosux ¢icyp ¢ cmopony 11
NOBHOMHOI 2pynu.

Haykoea nosuzna. Ha ocnogi ananizy KinbKiCHUX Xapaxmepucmux npogioHUX PO3MIPHUX O3HAK CYUACHUX
munogux gicyp 0iguam MoI00uL020 WKIIbHO20 GIKY PO3PAXOSAHULL 6I0COMKOBULL PO3NOOLL MUNOPOIMIDIE Y
BUOIPYI Ma 6CMAHOGLEHUL NEPeNiK MUnosux gieyp, saKi npedcmasieHi y 0ilouomy cmanoapmi.
Ilpakmuuna 3nauumicms. Busnaueno munonoeiunuii ckiao gicyp 0iguam mono0uio2o WKilbHO20 GIKYy 3d
CHONYYEeHHAM 8eIUYUH NPOBIOHUX POSMIPHUX O3HAK 015 3a0e3neyeHHs NI08UWeHHS DIBHS 3A00801eHOCI yiel
epynu dimeti 005120M MACOB020 BUPOOHUYMEA.

Knrouosi cnosa: aumponomempuuna 6iON08IOHICMb, 0igUaAMA MONOOUL020 WIKIIbHO20 iKY, NPOGIOHI
DO3MIPHI O3HAKU, PO3MIPDHA MUNOLOIA.

RESEARCH ON THE QUANTITATIVE CHARACTERISTICS
OF THE LEADING DIMENSIONAL FEATURES OF THE
FIGURES OF GIRLS OF PRIMARY SCHOOL AGE

ZUBKOVA LYUDMILA, YATSENKO MARYNA
Kyiv National University of Technologies and Design, Ukraine

Purpose. To study the quantitative characteristics of the leading dimensional features of the figures of
modern girls of primary school age in order to determine the anthropometric information sufficient for the
industrial production of children's clothing.

Copyright © The Author(s). This is an open access article
distributed under the terms of the Creative Commons Attribution
License 4.0 (https://creativecommons.org/licenses/by/4.0/)
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Methodology. The work uses the contact method of obtaining anthropometric information that characterizes
the figure of a child.

Results. The lack of updated standardized anthropometric information on children's body types leads to the
production of ill-fitting clothing in industrial manufacturing. This requires research on the conformity of
typical body types of modern children in order to revise industry standards. It has been established that only
66.7% of typical figures of girls aged 9.5-11.5 years are represented in the standard for primary school
children, and almost 30% in the standard for girls of the senior school age group. In addition, a quantitative
shift of existing typical figures towards the 11 fullness group has been established.

Scientific novelty. Based on the analysis of quantitative characteristics of the leading dimensional features
of modern typical figures of girls of primary school age, the percentage distribution of standard sizes in the
sample was calculated, and a list of typical figures was established, which are represented in the current
standard.

Practical significance. The typological composition of the figures of girls of primary school age was
determined by combining the values of the leading dimensional characteristics to ensure an increase in the

level of satisfaction of this group of children with mass-produced clothing.

Keywords: anthropometric correspondence;
characteristics; dimensional typology.

Beryn. HeoOxi1HO10 YMOBOIO MPOEKTYBAHHS
KOM(OPTHOTO OmATYy € aHTPONOMETPHYHE
Y3TO/UKCHHST pO3MipiB Ta TeoMeTpii ¢irypu 3
po3mipamu Ta (opmoro omsary. TeopeTmuHO
HEMae JBOX JIONEH 3 aOCOIOTHO OJHAKOBUMHU
po3mipamu  Tina.  OgHAK,  MPOMHCIIOBE
BUPOOHUIITBO [IBEHHUX BUPOOIB TUTS
HACEJICHHS MOXXIIUBO JIMIIE 32 yMOBH, IO
BUTOTOBJISITUCS 111 BUPOOH Oy/TyTh HAa KOHKPETHI
TUNOBI (irypH, sKi JOCTaTHbO BiOOpa’kaloTh
dbopmy Tina TOAUHH. 3 IIEI0 METOIO pO3pOOIIEH]
AHTPOTIOMETPHUYHI CTAaHJAPTH, B SKUX BCE
HACEJICHHS TPEACTaBIeHEe MEBHOIO KUIBKICTIO
tunoBux Qiryp. Cranmapruszaiis NOBHHHA
3a0e3nedyBaTd HEOOXiHY SKICTh MPOMYKITT
MacoBOTO BHPOOHHWIITBA Ta IIiIBHIYBAaTH
piBEHb  TPOEKTYBaHHS Ta  BUTOTOBIICHHS
BUpoOiB.  Ase  ofHiel0o 3 mpobiem
CTaHfapTh3aiii y IBEHHIA ramy3l €
HEIOCTaTHICTh 00’ €KTHBHOI 1H(oOpMaIii Mmpo
Gbirypy JIOIUHH 1 11, B CBOIO YEPTY, MPU3BOIUTH
JI0 HEBHKOHAHHS OCHOBHOI (PYyHKIIii MacoBOToO
BUPOOHMIITBA —  3aJIOBOJICHHS noTped
CHOXKUBauiB. PexoMeHAOBaHWN TepMiH IS
Mepersi Ty pO3MIpHOT TUITONIOT1T HaceleHHs - 15
pOKiB, TOOTO TepioA, MPOTATOM SKOTO B
pe3ynbTaTi TMporecy akcejeparii 3a3BHUYai
BiZI0yBa€THCS 3MiHA PO3MIPHHUX O3HAK JIFOIMHH,
0CO0OIHBO 1Ie cTOCY€EThCs aiteit [3, 5, 14, 18].

OCHOBHUM CHUIBHUM HEIOJIIKOM 1CHYIOYOi
PO3MIpHOT THITOJIOTII € Te, IO CTaHIaPTU30BaHI
pO3MipHI  O3Haku  (irypu  AUTUHU  He
B1JIOOpaKalOTh CydYacHy THIIOJIOTIIO MOITeH 3a
psAAOM 00’€KTUBHUX TMPHUYMH, OHA 3 SIKUX —
BIJICYTHICTh  OyIb-KUX aHTPOIIOMETPUYHHX

girls of primary school age;

leading dimensional

0oOMipiB MPOTATOM OCTaHHIX necstupid. lle, B
Mepiury  49epry, CTOCYEThCS  JOCIIKCHb
YKpaiHCBKOTO ~ HAceJIeHHS  3a  TIOBHOIO
aHTPOTIOMETPHUYHOIO POrPaMoro TUIS
pO3pOOKHM Taldy3eBUX CTAHJIAPTIB IIBEHHOTO
BUpOOHHUIITBA [2—4, 18].

AHaJni3 monepeaHix aocjailkeHb. Bimomo,
o abCONOTHI 3HAYEHHS AHTPOIIOMETPUYHHUX
O3HaK HE JIMIIAIOThCSl TMOCTIHHUMHU B Yacl.
3MiHa KUIBKICHUX XapaKTEepUCTHK (irypu
JTUTUHY TIOB’sI3aHa 3 IPOLIeCOM akceneparii. Ak
TINBKH y cepeauHi XIX cTomiTTa y MenuuHy
MpPaKTUKy  OOCTEeXKEHHs  JITeH  yBiWIUIA
aHTPOIIOMETPis, B PI3HUX KpaiHax IOYaIH
HAaKOMUYYBAaTUCh JaHi, SIKi JO3BOJIWIU Y
MOJATBIIIOMY KOHCTaTyBaTH MOCTYTIOBE
30UTbIIIEHHS JJOBKUHU Ta Baru Tina aitei. Kpim
TOTO, TIPUCKOPEHHS POCTY CYIIPOBOIKYBAIOCS 1
Nesikolo 3MiHOIO (opmu Tima, a came Oyio
BUSIBJIICHO 301JbIIEHHS a0COMIOTHUX PO3MIpiB
oOxBary TpyaeH, oOxBaTy Tajii, JOBXKWHU
Tyny0a Ta CerMEeHTIB KiHI[IBOK [3, 4, 6-9, 14].

Po3mipHa Tunosnorist Moxke OyTH mooymoBaHa
JUIIe 33 YMOBH OTPUMaHHS JIeTadbHOL
XapaKTePUCTUKU PI3HOBUAIB MOP(OIOTTIHUX
TUNIB, IO 3yCTPIYAlOThCS Cepel HAaCeJICHHS,
TOOTO TOBMHHI OyTH BIIOMI  BEJIUYHHH
AHTPOIIOMETPUYHUX O3Hak, K1
XapaKTepU3yIOTh I THUIH Ta CIiBBIAHOMICHHS
BEJIMYMH PI3HUX BUMIpIB Tijla JIIOIWHH.
[ToOGymoBa po3mipHOi THHONOTIT A JiTEH
CKJIaJHINA 3a/Ja4a, HiXK ToOyIoBa TUIOJOTIT
TSt TOPOCIHX. B rairy3eBoMy
a"TpornoMmerpuyHomy crangapti OCT 17-66-88
BcTaHoBJieHO 105 TumoBux ¢iryp aiByar. Takox
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iX po3MipHa XapaKTepUCTHKa Ta BEIMYUHU
NPOBIAHUX PO3MIPHUX O3HAK HABEACHO B
JACTY I'OCT 25294:2005 [1, 3].

SIK BiIOMO, MIBHIKICTH POCTY Ta PO3BHTKY
JiTel 0OYMOBIIIOE 3B’ SI30K MK BIKOM Ta THIIOM
TinoOymoBu [3, 5, 13, 14]. Lle crtocyerbes i
JIBYaT MOJIOJIIOTO IIKIILHOTO BIKYy, IO B
CTaHJApTi BU3HAUYCHI mepiogoM 3 6,5 pokiB 10
11,5 pokis. BignosigHo xo [2, 3, 10, 14] ue#
BIKOBHI TIepiof BKIIo4Yae mnepmuii (3 3 1o
7 pokiB) Ta npyruii (3 8 go 11 pokiB) mepionu
JUTHHCTBA, KOTPI XapaKTepU3YIOThCS PIZHUMHU
0co0IMBOCTAMHU (HI3UIHOTO PO3BUTKY. B poboTI
[10] HaBeneHi pe3yabraTi OOMipiB (iryp niB4at
6,5-9,0 pokiB. bymo BcTaHOBIEHO, IO B
CTaHIApTi TUMOBHX GIryp IOCTIIXKYBaHOI
IpyNH iX KUIBKICTh CKJIaAa€e TUIbkH 62,3%, 110
MOKa3y€e€ 3HAYHy HEBIAMOBIIHICTh Taly3eBil
kinacudikamii. Kpim Ttoro, 8% ¢iryp 3a
oOxBaroM rpyneit Tperim Orm Ta 9,3% 3a
o0xBaroM Tamii OT € XapakTepHUMH MAJis
crapmoi mkineHOT Tpynu. Lle mocmimkeHHs
MIATBEPKYE BUCHOBKH, 110 3pOOJICHI 1HITUMU
apropamu  [2-9, 12-14], Tta  moKa3ye
HEOOXITHICTh MPOBEIACHHS MOAJIBIIIOTO
aHauti3y OyJOBHU Tijia A1BYAT MIKLUIBHOTO BIKY.

IMocTanoBka 3aBaanHs. Po3poOka cydacHol
Ta 00’€KTUBHOI CHUCTEMH AHTPONOMETPUUYHUX
CTaHIAPTIB Ta TMPOBEACHHS  JOAATKOBUX
JOCIIIKeHb I10/I0 YAOCKOHAJIEHHS CTPYKTYpH
ICHYI09O1 HOPMAaTHBHO — TEXHIYHOI JOKYMEH-
Talii € BaXJIMBOIO YMOBOKIO IPOEKTYBaHHS
CHIBPO3MIPHOTO JUTSYOrO OJATYy B YKpaiHi.
Tomy Oys0 ocTaBiIeHe 3aBIaHHs 1OCI1IKEHHS
¢biryp niB4aT MOJOAIIOTO IIKIIEHOTO BikKy 9,5-
115pokiB  Ta (¢dopMyBaHHS  BIAMNOBIAHOT
AHTPOIIOMETPUYHOI 0a3H JaHUX.

Pe3syabTarun JAOCJiIKEeHH S Ta
o0ropopennsi. OgHUM 3 HaWBAKIMBIIIMX
MUTaHb IPU BUPOOHUIITBI OJIATY, IO BiIMOBiAA€E

JIOCTaTHHO TOBHOI 1 sIKICHOI 1H(oOpMariii mpo
po3mipu 1 GopMy Tiia JTIOIUHH, a TAKOK TOIHE

BIITBOPEHHS miel iHdopmartii B
AHTPOTIOMETPUYHUX CTAHJAPTaX.
JInst  moCHiDKeHHS — Cy4YaCHHUX — THITIB

Ti00yZOB JiBYAaT BU3HAYEHOI BIKOBOI TpyIH
Oyl BHUKOPHUCTAaHI METOJWMKAa Ta TEXHIKa
MPOBEIEHHS AHTPONOMETPUYHUX OOCTEKEHb
TiJIa JTFOMUHA, HEOOX1THUX ISl KOHCTPYIOBaHHS
OSITy MacoBOTO BHUPOOHMLTBA. BuMiproBaHHA
BEJIMYUH MPOBITHUX PO3MIPHUX O3HAK MPOBO-
IUIIOCH 32 33J]aHOI0 MPOTPAMOI0 CTAaHAAPTU30-
BaHMMHM iHCTpymMeHTamu [1, 3, 4, 10].

Binomo, mo TumoBa ¢irypa — 1e BapiaHT
OymoBM  Tila, PO3MIPHI  O3HAKH  SIKOTO
BIJIMOBIAAIOTh 3HAYCHHSIM, IO 3aiKCOBaHI y
CTaHJAPTH30BaHUX aHTPOIIOMETPUYHHX
Kiacudikamisix. Bouu BKJIFOYAIOTh
CHCTEMaTH30BaHi Jialta30HU 3pOCTiB, pO3MipiB
Ta TOBHOTHUX Tpyl, TOMYy HEOOXiAHi
napaMeTpu BU3Ha4aiuch 3a 3poctoM (P),
obxBatoMm rpyaeit Tperim (Ormi) Ta obxBaroMm
tami (Ot) [1, 3, 5, 18]. Lla pobGora €
IPOJIOBKEHHSAM  BCTAHOBIIEHHS  KUIBKICHUX
XapaKTEPUCTUK MPOBIJIHUX PO3MIPHUX O3HAK
U1 YaCTUHM J[IBYAT BU3HAUEHOI BIKOBOI TPyIH,
a came 9,5-11,5 pokiB. Benuumna BuOipku
pO3paxoByBasach 3a CTaHAAPTHOI METOAMKOIO
1 Oyita Bu3HaueHa B po6oti [9, 10]. BiacorkoBuii
PO3MOLN AiBYar 3a BikoM ckias: 9,5-10,5 pokis
- 24%; 10,5-115 poxiB - 76%. [ua
BHU3HAYCHHSI THIIB TUIOOYJOBH 32 3HAYCHHSIMHU
NPOBIAHUX PO3MIPHUX O3HAaK KOHKPETHUX
¢iryp Oynu BUKOpUCTaH1 METOIU MaTeMaTUYHOT
cratucTuku [18].

Benuunan BUMIpIB MPOBITHUX PO3MIPHUX
O3HaK  TMOPIBHIOBAIHCH 13  3HAUCHHIMH
HaBEICHUMH Y TalTy3eBUX CTaHAApTax (TaOmuLs
1) [1, 3]. Lle HEOOXimHO AJsl BCTAHOBJICHHS
BIIMOBIAHOCTI ~ cydacHuX  ¢iryp  AiBYar

BCIM BHMOTaM CIIO)KHBa4a, € HASABHICTh JIIFOYOMY aHTPOIIOMETPUYHOMY CTAHAAPTY.
Tabnuys 1
AHAaJIi3 BiIMOBITHOCTI OTPUMAHUX Pe3yJIbTATIB 00Mipy J1aHUM CTAHAAPTY
. Jani 3a pe3ynsraTamu
. .. JlaHi 3a cTaHIapTOM, CM .

No Ha3ga ta no3HadeHHs1 po3MipHOI O3HAKU (6,5-11,5 poi) JOCIIIKCHb, (.IM

' ' (9,5-11,5 poxkiB)
1 Burcora BepxiBKoBOi TOUKH — P 122-146 134-164
2 Oo0xBar rpyaeit tperiit — Ory, 60-72 60-92
3 Oo6xsar Tajii — Or 51-66 54-84
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Tabmumss 1  wmictuth iHQOpMaIiio Tpo
HACTYIIHI 3MIHU PO3MIPHUX O3HAK:

- BEJIMYMHM 3POCTY AIBYAT 3MIHIOIOTHCS BiJ
134 o 164 cm, o He BiATIOBiAa€ CTAHAAPTHUM
JiamasoHaM, Jieé BEpXHS Meka CTaHOBUTH
146 cwm;

- BEpXHs MeXa BaplaHTiB 00XBaTy rpyJei
TPETHOTO TAKOXK 30UIBIIIIIACE, & caMe IS ITi€l
BIKOBOi rpynu BapianT Ori, 110 JOPiBHIOIOTh
76 cM, 80 cm, 84 cm, 88 cm Ta 92 cM y craHgapTi
BIJICYTHI,

- BEJIMYMHU PO3MIPHOI O3HAKU 0OXBaT Tajil
OT ICTOTHO PO3LIUPUIN CBOi MEXi B CTOPOHY

301IbIIEHHA: y cTaHzapTi 3HaueHHa Ot
3MIHIOIOTECAS Big 5lcm go 66c¢cm, a 3a
pesyapTaTaMu  JOCHIDKEHHA  1X — Mexi

CTaHOBJIATH Bix 54 cM 1o 84 cwMm.

ToOT0O MOXHa 3pOOMTH BHCHOBOK IIPO
HasIBHICTh YaCTHHU TUTIOBHUX diryp
xapakTepHux s gidar 9,5-11,5 pokiB B
CTaHAAPTI CTAPIIOi MIKITHHOI BIKOBOI TPYTIH.

JInsi BCTAHOBJICHHSI TUTIOBUX (iryp cydac-
Hux aiBdat 9,5-11,5 pokiB Oyna po3paxoBaHa
4acToTa 3yCTPI4a€EMOCTI MPOBITHUX PO3MIPHUX
o3Hak P, Ot, Orm. (puc. 1 — puc. 3).

Byno BcTaHOBIEHO, MO y IOCIiIKYBaHOI
rpynu fAiBYaT HaWYacTilie 3yCTPidaroThCs
spoctrt 146 cm — 27,1%, 140 cm — 26,0%,
152 em — 22,1%, 158 cm — 15,2%, T00TO BOHU
HE BIJIIOBIIAfOTh BEPXHIM MEXi CTaHIAPTHOTO
JiarnasoHy, a TpU 3 HUX BHUXOAATH 3a MeEXi
BikoBOi rpymu (puc. 1). Bapiantu o0xBary
rpyzed TpeTboro sl JiBYaT IbOTO BIKY TaKOX
3HAYHO OiJIbIlIe y TOPIBHSAHHI 31 CTAaHAAPTOM, a
caMe BCTaHOBJICHO, IO JUIsI HUX HaWOUIbII
xapakrepHi HactymHi 3Ha4eHHs Orlll: 72 cm —
28,1%, 68 cm — 17,3%, 80 cm — 13,0%, 84 cm —
12,2% (puc. 2). Illlo crocyerbcst pO3MIpHOI
o3Haku OT, TO HaMOLIBII XapaKTEepHUMM JUIS
JBYAT IIi€i BIKOBOI Kareropii € 66 cm — 24,0%,
63 cm — 18,2%, 60 cm ta 72 cM — mo 14,1%
(puc. 3). HeoOXxigHO TakoX 3a3HAYUTH, IO
OCTaHHE 3HA4YeHHA pO3MIpHOI o3Haku Ot
XapaKTepu3ye TUIOBI (DIrypy HaBITh 32 MEXKaMHU
crapioi BikoBoi rpym [1, 3].

3a pesynpraTaMM  JOCIHIDKCHHS  Oyso
BCTaHOBIICHO, 110 KiJIbKIiCTh 3HAYEHb POBITHUX
po3mipaux o3Hak P, Orm, Ot, 1o
3yCTpivaloThcsi y BHOipmi  giBdat  9,5-
11,5 pokiB, HE BIANOBINAIOTH CTAHJAPTHUM

niarma3zoHaM. 3a 3pOCTOM BiJICOTOK BEJIHYHMH M€l
PO3MIpHOI O3HAaKH, IO BIJICYTHI y CTaHAApTI,
cknagae 42%, 3a o0XBaToM rpyaei TpeTiM —
43%, 3a obxBaroMm Taiil — 34%, 1m0 HO3BOJISIE
TOBOPUTH TIPO HEBIAMOBIAHICTH TUTIOBUX (Piryp
y CTaHmapTi JJIs JiBYaT MOJIOAIIOT MIKITEHOL
BIKOBOI IpyIU peaabHO iICHYIOUHM.

J171s1 BCTaHOBIICHHS TIEPEITIKY TUIIOBHX (iryp
CyyaCHMX JiBYaT HEOOXiAHO  MOpPIBHATHU
pe3yNbTaTH AOCIIKCHHS 3 JaHUMH JII0YUX
cranaapris (tabmui 2) [1, 3].

B pesynprari cmiBcraBieHHs iH(opmarii
mpo peanbHi GIrypH diBYAT 3 JTaHUMU AIFOYOL
CTaHIapTU30BAHOI AHTPOIIOMETPUYHOIL
knacudikamii BCTAHOBIEHO, IO HAWOLIBII
XapakTepHUMH Ul Ii€i Kareropii miByar 3a
BIKOM € HACTYITHI TUMOBI (pirypu:

- st | moBHOTHOT rpymu: 140-72-60, 146-
72-60;

- st 11 moBHOTHOT Tpymm: 140-64-60, 140-
68-63, 140-72-66, 146-64-60, 146-68-63, 146-
72-66.

Takoxkx, MokHaA 3a3HayuTH, 10 66,7%
JIOCT/DKYBaHUX (iryp [iB4aT BKIIOYCHI B
aHTponoMeTpHuHy Kiacudikamio. HeoOxigHo
TaKOX MiAKPECIUTH, 0 y BHOIpII HaiOIbIIe
3ycTpivatoThcsi ¢irypu 11 MOBHOTHOI TpymH.
o ctocyerbcst ¢iryp, KOTpi BiACYTHI B
CTaHAapTi, M0 aHali3yeThCcs, TO OyJo
BCTaHOBJICHO HacTtymHe: 34% ¢iryp y Bubipmi
3a BuMipamu Orlll Ta 5% ¢iryp 3a Bumipamu Ot
npeAcTaBieHi B Kiacugikamii - crapmioi
HIKIJTbHOT BIKOBOI TPpyIIH.

Bepyun 1o yBaru mnpoBeieHe JOCIiKEHHS,
3po0JE€HO  BHUCHOBOK MpO  HEOOXIAHICThH
penaryBaHHs [IIOYMX CTaHAAPTIB, OCKLIBKH
BOHM HE 3a/I0BOJBHIIOTH BHUPOOHMKIB I0JI0
BHUTOTOBJICHHSI OJISTY BiJIMTOBIAHO IO THUIOJIOTI{
JiBYAT MOJIOAIIOT MIKITFHOT BIKOBOI Ipymu 9,5—
11,5 poxis.

BucnoBku. Ha nanmii yac mpoMucioBicTh
Vkpaian morpelye IOCTOBIpHHUX IaHHUX TIPO
Ti00y10BY miTen Ta yIAOCKOHAJICHHS
ICHYIOUMH TpolLeC TPOEKTYBAHHS JUTSIYOTO
OlTy HE 3a0e3nedye WOTo BiIMOBIAHOCTI
(GYHKIIIOHATbHUM MOXJIMBOCTSM JUTHHH, i
AQHTPOIIOMETPUYHUM  XapaKTepUCTHKaM B
CTaTHUIll Ta JUHAMII, 3pYYHOCTI BUKOPUCTAHHS
BHPOOiIB B MOOYTI Ta y HABYAJIHLHOMY TPOIIECI.
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164 cM 134 cM
5% 5%

158 cmM

152 cmM
22%
3POCTH, CM 146 cmM
YACTOTA BYCTPIYAEMOCTI, $% 27%

Puc. 1. BincorkoBuii po3nojaiia 3poctiB P y Bubipui

88 c@2 cM 60 cM gy oy
50 4% 2% 10%

84 cm
12%

68 cM
17%

80 cMm
13%

76 cM
9%

OBXBAT TPYIEM III, CM
YACTOTA 3YCTPIYAEMOCTI, %

72 cMm
28%

Puc. 2. BincorkoBuii po3noain od0xsary rpyaeit tpersoro Orl|l y Budipui

81 c84 cM54 cMm 57 cMm

78 cM
75 cmdy 0 2 3% %

5% 60 cMm
72 cMm 14%

14%

69 cm
18%
66 cM OBXBAT TAJNII, CM
24% YACTOTA BYCTPIUYAEMOCTI, $%

Puc. 3. BincorkoBuii po3noain odxsary taJjii Ot y Buodipui
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Tabnuys 2

Kuaacudikanis Tunoux ¢iryp aiB4yar MoJIOAIIOI IIKUIBHOI BiKOBOI Irpynu
(6,5-11,5 pokiB) 3a craHAapTOM

Bikosa [ToBHOTHA rpyna Ilepma Hpyra
rpyma Oo0xBar rpyznei 60 64 68 72 60 64 68 72
(BiK, pox) Oo6xBar Tanii 51 54 57 60 57 60 63 66
’ 3picr
122 122 - - 122 122 - -
Mosno/ua mKijapHa BiKoBa 128 128 - - 128 128 - -
(Bix 6 pokiB 6 MicAIIiB 10O 134 134 134 - 134 134 134 -
11 pokiB 6 Micsi1iB) - 140 140 140 - 140 140 140
- 146 146 146 - 146 146 146
3a pesyibraTaMH  JOCTI[DKEHHsS OyJI0 BHCHOBOK IPO HAsBHICTh YAacCTUHU THUIIOBHX

BCTAHOBJICHO, 110 B TIPOIIEC aKceeparlii 1iB4at
monommoi BikoBoi rpymu 9,5-11,5 pokis
BIIOyNIHMCS  3MIHH, W0  XapaKTepHU3yIOTh
PO3LIMPEHHS] KUIBKOCTI TUMOBHX Qiryp y
Jliara3oHl 3pOCTIB Ta PO3MIpIB B CTOPOHY
301IBIICHHS, a caMe: BapiaHTH JOBXKWUHU Tila
3MiHIOIOTECS Big 134cm nmo 164cm vy
MOPIBHSAHHI 31 CTaHAApTOM, Jie BEPXHS Mexka
cTaHOBUTh 146 cM; BepxHsA MeXxa BapiaHTIB
00XBaTy Ipy/iei TPETHOTO TAKOXK 301IBIINIACE,
T00TO 3Ha4ueHHs Ori, M0 TOPIBHIOIOTH 76 CcM,
80cm, 84cm, 88cm Ta 92cMm y cranmaprti
BIJICYTHI; BEJIMYMHU PO3MIPHOI O3HAKKW 00XBaT
tanii OT TaKOX iICTOTHO PO3IIUPUIIH CBOI MEXi
3 51-66cm y cramgapti go 84cm  3a
pe3yabTaTaMu JIOCTT>KSHHS. Bincotok
BEJIMYUH MPOBITHUX PO3MIpHUX 03HAK P, Orii,
Or, 1m0 3ycTpivaeTscs y BUOIpLI, aje BiACYTHii
y CTaHJIapTi MOJIOIIIOT HIKIJTEHOT BIKOBOT TPYIIH
JIOCHUTD BEIUKUH. 3a 3poCcTOM BiH ckianae 42%,
3a oOxBatom Trpyned Ttperim — 43%, 3a
obxBarom Tanii — 34%. To6to, MokHa 3poOUTH
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Gbiryp xapakTepHHX ISl TaHO1 KaTeropii aiBuat
B CTaHJApTi CTapIIOi HIKIIBHOT BIKOBOI TPYIIH.

[Ilo cTocyeTbes cydacHUX THIOBHX (Qiryp,
TO y CTaHJApTi JJIs Ii€i KaTeropii AiB4aT BOHH
ckIanaTh 66,7%. Takox HEOOX1AHO TiIKpec-
JINTH, IO 3a JAHUMH AOCIIIKEHHS 301IBIIN-
Jack KUTbKICTh (iryp 11 moBHOTHOT rpymu.

Jst moOymnoBu AHTPOMOMETPUYHUX
CTaHJAPTIB BAXIIMBUM € IMHUTAHHS BU3HAYCHHS
1HTEepBaJliB MOALTY AiTel Ha BIKOBI TPyIH, B
MeKax SIKUX MPOIOPIIii TiJIa Ta TUT TUTO0YI0BU
JIUIIAIOTBCA  HE3MIHHMMHU. J{o  3MIIIEHHS
BIKOBHX MEX TpyNyBaHHS THIOBUX QIiryp
MIPU3BOUTH aKCceNepalis, ska BHOCUTh CYTTEBI
3pYIICHHST y TPOIECH PO3BUTKY JAHUTIYOTO
OpraHizMy, IPUCKOPIOIOYH TEPMiHH iX MOYATKY
Ta 3aKiHYEHHA. 3MiHA  CIIBBIJHOIIEHHS
pO3MIpiB  TPHU3BOAUTH 10  HEOOXITHOCTI
Mepersiay CHUCTeMH TUINOBHX (iryp Ta
MPOBEJCHHS IIUPOKOTO AHTPOIIOMETPUYHOTO
NOCII/DKEHHS IiTell 3 METOK BU3HAYECHHS
TUTSAY01 PO3MIPHOT TUTIOJIOT].
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CYUYACHUH CTAH JOCJII)KEHHS MATEPIAJIIB I
O YHKIIOHAJIBHUX BJIACTUBOCTEH
B3YTTEBUX YCTIJVIOK

Mema nonseae 6 amanizi CyuacHo2o CMAaHy OOCHIONCEHb Y 2any3i 63YMMESUX YCMINOK, 30Kpemda ix
Kaacugikayii, mamepianie ma KOHCMPYKMUGHUX PIULeHb, 4 MAKOXC V3A2AJbHEHHS 61ACTUEOCcmell |
MEeXHON02TU BUOMOBIEHHS YCMINIOK 3 AHMUOAKMePIaibHO JIEl0.

Memoou. Memoou xkpumuunoeo auanizy, cucmemMamu3ayii ma y3aeaibHeHHs. HAYKOGUX nyonixayiu i
HOPpMAamugHO-008Ii0KOBUX Odxcepell Yy 2any3i 63YMMEBO20 Md MEeKCMUIbHO20 8UupoOHuymea. J{ns
CMPYKMYPYSAHHS MUNIE YCMILOK 3ACMOCO8AHO KAACUPDIKAYIIHUY NIOXIO0, a 015 OYIHKU IX (DYHKYIOHATbHUX,
CICICHIYHUX ™A AHMUOAKMEPIATLHUX GIACTUBOCEU — NOPIGHANLHO-AHATIMUYHUL MemoO. Ananis
bazamowiaposux KOHCMPYKYIU YCMINOK [ @QOpMy8aHus MIiKpoxnimamy e63ymms  30ilicheno i3
BUKOPUCIAHHAM CUCEMHO-CIPYKIMYPHO20 Ni0X00Y.

Pesynomamu. 30ilicneno 02180 CYHACHUX HAYKOBUX NiOX00i8 00 Kiacughikayii 83ymmeeux yYCmilox,
Mamepianie ix eueomosienHs ma aHmubakmepianbHux eracmusocmetl. Posenanymo enaue koncmpykyii il
mamepianie ycmiiok Ha Kompopm, SieleHiMHULl CMan [ MIKPOKAIMAM 6HYMPIUHLO20 NPOCIOPY 63YMIMAL.
Y3acanvneno ocnosni mexunonoeii nadaunns ycmiakam anwmumikpoOHOL il ma OKpecieHO nepcneKmueu
BUKOPUCMAHHA KOMOIHOBAHUX | NPUPOOHUX Mamepianie 01 NIOBUWEHHS eKCNIYAMmAayitiHux i 2ieleHiuHux
eracmugocme 83ymmsi.

Haykoea nosusna nonseae 8 KOMIIEKCHOMY Y3A2ANbHEHHI Ma CUCMeMamu3ayii Cy4acHux HayKo8ux OaHux
Wooo mMamepianie, KOHCMPYKYIL i (PYHKYIOHANbHUX 1ACMUBOCIEN 83YMMEGUX YCMINIOK 3 YPAXYBAHHAM IX
CICICHIYHUX MA aAHMUOAKMEPIanbHUX XaApaKmepucmux. Ynepuie 6 mexcax 0211008020 OOCHIONCEHHS
CMPYKMYPOBAHO B3AEMO38 30K MIJIC MUNOM MAmMepianie ycminox, 6azamouapogoio 6y0060i0 ma
eghexmuenicmio  anmubakmepianeHoi  0ii 6  ymosax — GopmyeanHs — MIKpOKIIMAmMy — 63YMMAL.
Cucmemamu308aHo OCHOBHI MEXHON02IUHE NIOX00U 00 HAOAHHS YCIMIIKAM AHMUMIKDOOHUX 81ACTUBOCTHEL
I U3HAYEHO NEPCHEeKMUGHT HANPAMU BUKOPUCMANHSA KOMOIHOBAHUX MA NPUPOOHUX Mamepianie Ol
NIOBUWEHHS eKCHIYAMAYIHUX | 2IZIEHTUHUX NOKAZHUKIE 63YMMEBUX 8UPODIS.

Ilpakxmuyuna 3HaUUMICIb NOJISL2AE 8 MONCAUBOCH NOOATBULO20 BUKOPUCTNAHHA OMPUMAHUX Pe3VIbmMAamie
8 SAKOCMI MeopemudHol 0CHOBU 0I5l NPOBEOCHHS HOBUX eKCNEePUMEHMANLHUX O0CTIONHCEHb I PO3POOIEHHS.
IHHOBAYIUHUX KOHCMPYKYIL 63VMMESUX YCMIIOK 3 NIOGUWEHUMU 2ICIEHIYHUMU MA eKCHYamayiiHumu
871aCMUBOCMAMU.

Kntouoei cnosa: xnacugixayis ycminox; anmubaxmepianioHi XapakmepucmuKu, 2ici€Hiuyni 61acmugocmi,
KOM@DOpMHICMb, MEeKCMUIbHI Mamepiaiu.
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CURRENT STATE OF RESEARCH ON MATERIALS AND
FUNCTIONAL PROPERTIES OF FOOTWEAR INSOLES

HARANINA OLGA, REDKO YANA, ANDREYEVA OLGA, VOROBIOV KYRYLO
Kyiv National University of Technologies and Design, Ukraine

Purpose. The purpose of this paper is to analyze the current state of research in the field of footwear insoles,
in particular their classification, materials, and design solutions, as well as to summarize the properties
and manufacturing technologies of insoles with antibacterial effects.

Methodology. Methods of critical analysis, systematization, and synthesis of scientific publications and
regulatory and reference sources in the fields of footwear and textile manufacturing were applied. A
classification approach was used to structure types of insoles, while a comparative analytical method was
employed to evaluate their functional, hygienic, and antibacterial properties. The analysis of multilayer
insole structures and the formation of the footwear microclimate was carried out using a systems-structural
approach.

Results. A review of current scientific approaches to the classification of footwear insoles, materials used
for their production, and their antibacterial properties has been conducted. The influence of insole design
and materials on comfort, hygienic condition, and the microclimate of the footwear interior has been
examined. The main technologies for imparting antimicrobial properties to insoles have been summarized,
and prospects for the use of combined and natural materials to improve the performance and hygienic
characteristics of footwear have been identified.

Scientific novelty. The scientific novelty of this review lies in the comprehensive synthesis and
systematization of contemporary scientific data on materials, structures, and functional properties of
footwear insoles, taking into account their hygienic and antibacterial characteristics. For the first time
within the scope of a review study, the relationship between insole material type, multilayer structure, and
the effectiveness of antibacterial action under conditions of footwear microclimate formation has been
structured. The main technological approaches to providing insoles with antimicrobial properties have been
systematized, and promising directions for the use of combined and natural materials to enhance the
performance and hygienic indicators of footwear products have been identified.

Practical value. The practical significance of the study lies in the possibility of using the obtained results
as a theoretical basis for further experimental research and for the development of innovative footwear
insole designs with improved hygienic and performance properties.

Keywords: insole classification; antibacterial properties; hygienic properties; comfort; textile materials.

Beryn. YeTinku € BaKJIMBOIO CKJIAIOBOIO
KOHCTPYKILIi B3YyTTsd, s5Ka Oe3rmocepeHbo
KOHTAKTY€E 31 CTOTOI0 Ta CYTTEBO BILIMBA€E Ha
piBeHb KOM(DOPTY, Tiri€HIYHICTh, TEPMOpETy-
JAMIF0 W eKCIUTyaTamiiiHi  BJIACTHBOCTI
B3YTT€BUX BUPOOIB. Y mporieci HOCIHHS B3YTTS
dbopmyeTbes crienudidyHe MIKpOCEPEIOBHIIIE,
111(0) XapaKTepU3YEThCS M1 IBUIIICHOIO
TEMIIEpaTypoOl0, BOJIOTICTIO Ta OOMEKEHOIO
BEHTHJIAILIIEIO, CTBOPIOIOYN CIPUATINBI YMOBH
JUTSI PO3BUTKY MIKPOOPTaHI3MiB 1 HAKOITMYEHHS
MPOIYKTIB IX KUTTEISITBHOCTI.

HasBHicTh BONOTM Ta OpraHiuHUX PEUYOBHH,
[0 BUJAUISIOTHCS 31 MIKIPH CTOIH, 3YMOBIIOE
IHTEHCHUBHE PO3MHOXEHHS OaKTepiit 1 rpuoOKiB,
SKi € OCHOBHUMH TNPUYMHAMH BHHUKHCHHS
HETIPUEMHOTO 3amaxy, MOTipPIICHHS
TITIEHIYHOTO CTaHy B3YTTS Ta IiJABUIICHHS
PU3UKY  PO3BHTKY  3aXBOPIOBaHb  CTOIL

3a3HaueHa npobdeMa Mae 0COOMBY MPAKTUIHY
3HAYYIIICTh A Oci0 13  MiJBHUIIEHOIO
(hi3ugHOIO aKTUBHICTIO, CIIOPTCMEHIB,
BiiCBKOBOCTYOOBIIIB, JTIOJCH MOXHUIOTO BIKY
Ta oci0 13 XpOHIYHUMH 3aXBOPIOBAHHSIMH,
30KpeMa IIYKPOBUM J11a0€TOM.

Y  HayKOBHX JOCIHIDKEHHSX  OCTaHHIX
JeCATUIIITh 3HaYHA yBara MpHuIUIIEThCS aHATII3Y
MarepiaigiB yCTUIOK, iX (i3UKO-MEXaHIYHUX,
TITIEHIYHUX Ta EKCIUTyaTal[iiHUX BJIACTHUBOC-
TEW, a TaKOXX 3aCTOCYBAHHIO PI3HOMAaHITHUX
aHTHOaKTeplaTbHUX i AHTUMIKPOOHHX
KOMIIOHEHTiB. BogHOYac, pe3yiabTaTh TaKux
JOCHIJKeHb € (parMeHTapHUMH, OXOILIIOIOThH
IIUPOKUI CHEKTP MaTepiaiiB 1 TEXHOJIOTTYHHX
MiIXOAIB Ta MOTPEeOYIOTh CHUCTEMaTH3aIlii i
y3arajibHEHHSI.

Y 1bOMYy KOHTEKCTi, BXXJIMBUM HAyKOBUM
3aBJaHHSIM € KOMIUIGKCHUH OIS Cy4YacHUX
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MIIXO0MIB 10 Kiacudikaiii yCTiJI0K, MaTepiajiB
iX BHUTOTOBICHHS, (PYHKLIOHAJIHHUX BIACTHU-
BOCTEH Ta MEXaHI3MIB aHTHOAKTepiaabHOI Mii.
[TpakTH4HE 3HAUEHHS TAaKOTO aHAJI3y MOJSATae
y ¢hopMyBaHHI IIJIICHOTO YSIBJIEHHS MPO HAasBHI
TUOM ~ YCTUIOK 1 iXHI  eKcIulyaTamiiHi
MOXJIMBOCTI, IO €  HEOOXITHUM I
OOIPYHTOBAaHOTO BUOOPY BUPOOIB 3aJI€KHO Bij
YMOB BUKOPUCTAaHHA Ta IHJIWBIAYyaJTbHUX
MoTped CIOKUBAYIB.

TakuM YuHOM, Yy3araJibHEHHsS HAyKOBUX
JaHUX MIOJ0 BIACTHBOCTEH, Kimacudikarii Ta
aHTHOAKTEplaJTbHUX XapaKTEPUCTUK B3yTTEBHUX
VCTUIOK € aKTyaJIbHHM 3aBJaHHSIM Cy4acHOI
TeKCTHWJIBHOI Ta B3YTTEBOI HAyKH 1 Mae
Oe3mocepesHid  3B’A30K 13 MPaKTHYHUMH
MATaHHSIMHU 3a0e3nedeHHs] KoM(opTy, Tiri€eHH
Ta 30epeKeHHS 37J0POB’S CTOII.

AHaJii3 nmonepeaHix gocaigkenb. [lutanus
(GyHKILIOHATBHOTO MpPHU3HAYEHHS, Marepiaio-
3HAaBYMX  XAPAaKTEPUCTHK Ta  TITIEHIYHUX
BIIACTHBOCTEH B3YTTEBUX YCTIUIOK IIHUPOKO
BHUCBITJIIOIOTHCS Yy TIpaIsiX BITUU3HSAHUX 1
3apyODKHUX HAayKOBLIB. 3HauyHa YacTUHA
JOCITIDKEHb  MPUCBSYCHA aHaJi3y BIUIUBY
MarepiajliB  yCTUIOK Ha KOM(OpPT HOCIHHA
B3YyTTS, PO3MOJIIJ HaBaHTAXEHHS Ha CTOIY,
TEPMOPETYJIALII0 Ta MIKPOKIIMAT BHYTpII-
HBOTO ITPOCTOPY B3yTT: [ 1-6].

Y po6oTax 3 MaTepiaio3HaBCTBA PO3TIISTHYTO
BJIACTHUBOCTI TPAAMIIIHHUX 1 CydaCHUX MaTepia-
JMB IS BUTOTOBJICHHS YCTIJIOK, 30KpemMa
MHOMOMypeTany, eTwieHBiHuaneraty (EVA),
reJIeBUX KOMITO3UIiH, HaTypalbHOI Ta IITYYHOT
HIKIpH, a TaKOXX TEKCTUJIBHUX 1 HETKaHUX
noyioTeH. JloCmiIHUKH Bi3HAYAIOTh, 0 BUOIp
Marepiany CyTTE€BO BIUTMBAE Ha aMOPTH3AIliiiHI
BJIACTUBOCTI, 3HOCOCTIMKICTh, MOBITPOIIPOHUK-
HICTB 1 3aTHICTh IO MOTJIMHAHHS BOJIOTH, IO €
KIIFOUOBUMH TTOKA3HUKAMH EKCIUTyaTaIliiHol
SIKOCTI ycTinok [7, 8].

OxpeMuii HampsM HayKOBHX MyOuikamin
MPUCBSYCHUN OPTONMEAUYHUM YCTUIKaM Ta ix
poii 'y mpodiakTUIll W KOPEKIlii MOpYIIeHb
OTIOPHO-PYXOBOTO amapaty. Y IuxX poboTax
AKIICHTYEThCS yBara Ha MIATPUMIIN CKJICTIIHHS
CTOIM, 3MEHIIEHHI O0O0JbOBOTO CHHIPOMY Ta
Mepepo3noIli  THCKY IiJ Yac XOAbOH.
Boanowac y Oinbmiocti JOCHiIKEHb OpTOIE-
OUYHANA acleKT PO3TJSAA€EThCS MEPEBaKHO 3
MEIUYHOI TOYKH 30pYy, 0€3 JeTaJbHOro aHaji3y

TITIEHIYHUX 1 aHTUMIKPOOHUX BJIACTUBOCTEH
Mmatepiaiis [9-12].

3HayHa KUIBKICTh CyYacHHX IyOJiKariii
CTOCY€ETHCSA aHTHOaKTepiaIbHUX Ta
MPOTUTPUOKOBUX  YCTUIOK. Y  HAyKOBIH
JiTepaTypi OINUCAHO BHUKOPHUCTAaHHS PI3HHUX
AHTUMIKPOOHUX AareHTiB, 30KpeMa 1OHIB 1
HAHOYaCTHHOK cpibmna, Miji, LUHKY,
AKTMBOBAHOTO BYT1JUISI, TPUKIIO3aHY, XITO3aHY
Ta MPUPOTHUX AHTUCENITUYHUX KOMITOHEHTIB.
JlocmiKeHHsT TATBEPIKYIOTh €(EKTHBHICTD
TaKAX PpPEYOBMH Yy TMpPHUTHIYEHHI POCTY
MIKpPOOPTaHi3MiB 1 3MEHIICHHI HEMPUEMHOTO
3araxy, OJJHaK HaroJOIIyITh Ha HEOOXiTHOCTI
KOHTpPOJIIO X O€3MeYHOCTI Ta EKOJIOTTYHOCTI
[13-15].

VY mpausx, OPHUCBIYEHUX TEKCTHIBHUM
MarepiaiaM i3 aHTHMIKPOOHUMH BIIACTHBOC-
TSAMH, PO3TIIAIAIOTHCS PI3HI METOIW HaIaHHSI
aHTHOaKTepiaNbHOI J1ii: MPOCOYCHHS, HAHJICH-
Hsl, BBEJICHHSI aKTUBHUX KOMITIOHEHTIB y CTPYK-
Typy Marepiaiy Ha eTani BUpoOHuTBa. BogHo-
yac JIOCHTI/DKEHHsT 4YacTO 30CEpekKeHl Ha
OKpeMHX Marepiazax abo TexXHOJorisx, 0e3
KOMIUIEKCHOTO TOPIBHSUIBHOTO ~ aHaizy ix
3aCTOCYBaHHA CaMe Y B3YTT€BUX YCTiNIKax [16—
19].

AHani3 HayKOBUX JDKEped CBIJUUTh, IO
MONPH 3HAYHY KUIBKICTh ITyOJIIKAIlIlA, THTAHHS
knacudikamii  yCTIIOK, —y3arajdbHEHHS  iX
MarepianiB, (YHKIIIOHAIBHHX Ta aHTHOAaKTe-
plabHUX  BJIACTUBOCTEH  PO3TISAAIOTHCS
¢dbparmenTapHo. HegocrtaTHpo cuctemaTrus3oBa-
HUMHU 3JIMIIAIOTBCS JaHl IIOJ0 TO€IHAHHS
MarepiaigiB y 0araTomapoBUX CTPYKTypax
YCTIIOK, @  TaKoX  BIUIMBY  PI3HHUX
AHTUMIKPOOHUX pillleHb Ha eKCIUTyaTalliliHi Ta
riri€eHivHi TOKa3HUKH B3YTTA B IIIIIOMY.

Takum urMHOM, MPOBEEHUN aHAII3 JOCIII-
KEHb 1 MyOMiKaIii miATBEPIKYE aKTyalbHICTh
y3arajibHeHHsI HassBHUX HayKOBUX JaHHUX ILI0JI0
TUMIB YCTIJIOK, MaTepialiB iX BUTOTOBJICHHS Ta
aHTHOAKTeplaJbHUX XapaKTePUCTUK, M0 €
HEOOXIMHUM Il (OpMyBaHHS IUIICHOTO
VSIBIIGHHSI TIPO Cy4YaCHMH CTaH HpoOiIeMH y
B3YTTEBIH Ta TEKCTUIIBHIN TATy35X.

IMocTanoBka 3aBaanHs. Ha ocHOBI aHamizy
Cy4yaCHUX  JOCHIKEHb Il JTOCSITHEHHS
MIOCTABJICHOT METH Mepe10avacTbCsl BUPIICHHS
TaKuX 3aBJaHb: IPOAHATI3yBaTH OCHOBHI THITH
Ta Kiacu]ikailii B3YTTEBUX YCTUIOK 3aJIeKHO

28 | Inoycmpis moou. Fashion Industry. 2026. Ne 1



ISSN: 2706-588X; e ISSN: 2706-5898

BiJl MPU3HAUYCHHS, MaTepiaiB 1 (yHKIIOHATb-
HUX BIIACTHBOCTEH; y3arajibHUTH XapaKTepHcC-
TUKH MarepialliB, IO 3aCTOCOBYIOThCSA Y
BUPOOHUIITBI yCTUIOK; JOCHIIATH KIFOUOBI
O3HAKW Ta MEXaHI3MH [ii aHTHUOAKTepiaTbHUX
YCTIJIOK; CHCTEMaTU3yBaTH Cy4YacHI TEXHO-
JIOTIYHI MiJXOJW JO BUTOTOBJICHHS YCTiJIOK
aHTUOAKTEpIaJTbHOTO TPHU3HAYCHHS; OI[IHUTH
MEPCTIEKTUBU BUKOPUCTAHHS MPHUPOJHUX 1
KOMOIHOBaHMX aHTHUMIKpPOOHUX MarepiaiiB y
B3YTTEBIH iHAYCTPII.

MeTtoau JOCJTiIKeHH . vy poboTi
BUKOPUCTAHO METOM aHANI3y Ta y3araJlbHCHHS
HAayKOBUX  JDKEpesl,  CcUCTeMmaru3amii  Ta
MOPIBHSUIBHOTO aHANi3y JITEpaTypHUX JaHUX
BITUHU3HSHUX i 3apyOiKHHIX aBTODIB.
3aCTOCOBAHO JIOTIKO-aHAJIITHYHUNA METOH IS
y3arajpbHEHHs MAXOMiB 10  Kiacudikarii
B3YTTEBUX YCTIJIOK, MaTepiajlo3HaBUMM aHai3
— JUIsl OIIIHKM BIJIACTUBOCTEH MaTepialliB 1
OaraTomapoBUX KOHCTPYKLIN YCTIJIOK, @ TAKOXK
CTPYKTYpHO-(DYHKITIOHATBHUN — MAXIT s
aHaJi3y MeXaHi3MiB aHTHOAKTepianbHOI 1ii Ta
BIUIMBY YCTUJIOK HAa KOMQOPT 1 riri€eHIYHUHN CTaH
BHYTPIIIHBOTO IPOCTOPY B3YTTSI.

Pe3yabTaTn JOCTisKEeHH A Ta ix
00roBOpeHHs. B3yTTeBI yCTIIKM € BaKIIMBUM
KOHCTPYKTUBHUM €JIEMEHTOM B3YTTS, SIKHUIA
0e3rmocepelHbO0  KOHTAKTye€ 31 CTOINOK Ta
CYTTEBO BIUTUBAaE Ha KOMQOPT, Tiri€HIYHHHA
cTaH 1 (YHKIIOHAJIBHI BIACTHBOCTI B3yTTEBHX
BUpOOiIB. Y cydacHii HayKoOBil JiTepaTypi
YCTIIKA PO3TIIAAIOTECS K OaraToyHKITio-
HaIbHI BHpPOOU, IO TMOEAHYIOTH Yy co0I1
aMOpTH3aIliliHI, OPTONEANYHI, TEPMOpPETYJisi-
mifiHl Ta TITIEHIYHI BJIACTHBOCTI, a TaKOX
3IaTHICTh (POPMYBATH CIIPUATIMBHA MIKPOKITi-
Mmar ycepeauHi B3yrts [20-22].

3anexHO BiJ MPU3HAYEHHS, YMOB €KCILTya-
Taiii Ta IHAWBIAYATBHUX  OCOOJHMBOCTEH
KOpHUCTYyBa4a yCTUIKH  KJIACH(IKyIOTh 3a
(GyHKIIOHATBHUM TPU3HAYEHHSAM, MaTepiajJoM
BUTOTOBJICHHS, KOHCTPYKIIIEIO Ta HAasBHICTIO

creniaTbHUX BJIACTHBOCTEH. Haii0inpm
NOUIMPEHUMH € YCTUIKH  TOBCSAKICHHOTO
BUKOPUCTaHHSA,  CIIOPTUBHI,  OpPTOINEIWYHI,

TEPMOI30JIAIINHHI Ta aHTHOaKTepianbHl. KoxeH
13 3a3HaYeHMX THUIIB Ma€ CBOi XapaKTepHi
0COOIMBOCTI, 10 BHU3HAYAIOTHCS MOETHAHHAM
MarepiaiiB i KOHCTPYKTUBHUX pileHb [23-26].

«[TakeTn TEKCTWIBHHUX MaTepiamiBy Y
B3yTTEBOMY BUPOOHHIITBI 3aCTOCOBYIOTHCS JIJIsI
(dbopMyBaHHS BepxXy, HIiAKIAAKH, YCTIJIOK Ta
IHITUX KOHCTPYKTUBHUX €JIEMEHTIB 1 3a0e3rie-
YyIOTh HEOOXITHMH OadaHc MK 3aXUCTOM,
MIIHICTIO, KOM(OPTOM 1  JIOBTFOBIYHICTIO
BUpOOY B yMOBax MEXaHIYHUX HaBaHTaKEHb,
nii Bonoru Ta nedopmariii [3]. 3a3Buuaii, Taki
MakeTd MalTh 0araTomapoBy CTPYKTYpY.
30BHINIHIN 11ap, BAKOHAHWUN 13 TKAaHWH, IKIpH
abo ciTyacTUX MarepiamiB, BiANOBiae 3a
3HOCOCTIHKICTh, BOJAOBIAIMITOBXYBAHHS, 3aXHUCT
Ta €CTeTHKY, TOAI $AK BHYTPIIIHIA IIap
(HaTypanpHa IIKipa, TPUKOTaX ab0 HETKaHI
Mmartepianu) 3abe3nedye KOM(OpPT, BiABEACHHS
BOJIOTH Ta 3MEHILIEHHS HaTHUpaHb. MiX HUMHU
MOXYTh PO3MIIIyBaTUCS MIPOMIXKHI
(dhyHKITIOHATIBbHI MIPOIIAPKH (miHwM,
MiJICHITIOBaYi, CTab1Ii3aTopH), M0 MiABUIIYIOTh
(hOPMOCTIMKICTh, JKOPCTKICTb OKPEMHX 30H 1
amMopTH3alliliHi BIaCTHBOCTI [4].

Jlis B3yTTS CHEUialbHOTO MpPHU3HAYEHHS
BUKOPUCTOBYIOTh TiApOoQOOHi, BOTHECTIHKI,
AQHTUCTATHUYHI Ta TEIUIOI30JSIIIIHHI MaTepianm, a
TAKOX MIJCHIIEHI €JIEMEHTH HOCKOBOI 1
II’SITKOBOI YacCTHUH, 110 3a0e3neuye eKcIuryaTa-
[1}0 B EKCTPEMAJIbHUX TeMIIepaTypHUX yMOBax
[27]. YcTinku sSK CKJIaqoBa B3YTTEBOI KOHCT-
PYKIIIi € BAXJIMBUM €JIEMEHTOM TaKHMX MAKETIB 1
3a3BUYail MalTh OararomapoBy OyIOBY, IIO
MOEAHYE TEKCTHJIbHI MaTepiayii i TOTJIH-
HaHHs BOJOTH, aMOPTU3ALINHI IIapH, aHTHOAK-
TepiagbHl a00 BYriJIbHI HamOBHIOBadl Ta
cTabuIi3yt04l TepMOIUTaCTHYHI npomapku [5].
30kpema, MakeTu Il TEKCTHJIBHUX YCTUIOK 13
HATypaJbHOI TOBCTI 3 AaHTUOAKTEpialbHUMH
BJIACTMBOCTSMU CHPSIMOBAaHI Ha IJBUIICHHS
KOM(OPTY, TIri€HIYHOCTI Ta TEIIO130JIA1II1, 1110
poOUTH IX MPUIATHUMH ISl MOBCSAKIEHHOTO,
3MMOBOTO, CIIOPTUBHOTO ¥ CIEIiaJbHOTO B3YT-
T4 [6]. @yHKITIOHATHHUN BEpXHIN AP yCTUTKH
3 aHTHOAKTEpiaJbHOIO TEKCTWIIO 3ale3rnedye
TITIEHIYHICTh, MBHUJKY aOCOPOIli0 BOJOTH Ta
KOM(OPT NpU TPUBAIIN eKCITyaTamii B3YTTS
[28]. Ycrinku-opTesn npu3HadeHi 1y cTadii-
3amii cromu Ta MPO(QUIAKTUKH 3aXBOPIOBaHb
OTIOPHO-PYXOBOTO amapary. 3aBasKu
MIATPUMII CKJICMIHHS Ta aMOpTH3allii BOHH
3MEHIIYIOTh OOJIbOBUM CHHAPOM MPHU ICHYFOUHX
MATOJIOTISAX, CHPUSAIOTH KOPEKIil aHATOMIYHUX
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nedekTiB  Ta 3a0e3MeuyyroTh TITl€HIYHICTH
BHYTPIIIHBOTO TIpocTopy B3yTTH [9, 10].
Marepiano3HaBuuil acleKT € OJHHM 13
KIIOYOBUX Yy (OpPMYBaHHI eKCILTyaTalliiHUX
XapaKTePUCTHK yCTUTOK. 11 iX BUTOTOBIICHHS
IIMPOKO  3aCTOCOBYIOTHCS  IMIHOMOJiypeTaH,
etunenBinunanerar (EVA), renesi kommno3wurnii,
HaTypajJbHa Ta MITyYHA MIKipa, TEKCTUJIbHI M
HeTkaHi Marepianu. [lopucra cTpykTypa miH-
HUX MaTepiaiiB 3abe3neuye epeKTUBHY amop-
TH3AIli0 Ta 3SMEHIICHHS YIapHUX HABAHTA)XKCHb,
TONI SIK TEKCTWJIbHI Ta MIKIPSHI Martepiaiu
CHPUSIOTH IMABUIICHHIO MOBITPONPOHUKHOCTI
Ta BOJOrooOMiHy. VY 0ararbox BHITaJKax
YCTIJIKM MaroTh 0aratomiapoBy CTPYKTYpY, Y
SKIf KOKEH IIap BUKOHYE OKpeMy (PYHKIIIIO —

B1JI KOHTAKTY 31 CTOIIOIO JI0 cTabimizamii popmu
Ta MiABUIICHHSA 3HOcocTiiikocti [7,8]. o
OCHOBHHX XapaKTEPHHX BIACTUBOCTEH yCTIIOK
MO>KHA BiTHECTH TaKi: MaTepiall, aMOpTH3allis,
BOJIOTIOTJIMHAHHS Ta BOJIOTOBIAINTOBXYBaHHS,
MIIHICTh 1 JOBrOBIYHICTh, aHTHOAKTEpiabHI
BJIACTHUBOCTI, OpTONEANIHUI edexT,
MOBITPOIIPOHUKHICTh, THYUKICTh Ta 3PY4HICTb,
posmip Ta ¢opma, Tepmoperymsmdis [20].
Baxxnusum € Marepiadn, 3 SIKOTO
BUTOTOBJISIFOTBCS YCTIIKKA B3YTTEBi, 0 BHUJIB
SIKOT0 MO>KHA BigHecTH (Tabmmng 1) [7, 8].
Cepen KJIIOYOBHX BJIACTHBOCTEH YCTLIOK
BapTO BUIUINTH TakKi, SIK: aHTUOAKTEpiabHUMA
Ta OPTONEANYHUN €(PEKT; TOBITPOITPOHUKHICT;
THYYKICTb, TEPMOpETYJISALis Ta iHmi (puc. 1).

Tabauys 1

XapakTepucTHKA OCHOBHUX MAaTepiaJiB JJs YCTUIOK

Marepian XapaKTepHuCTHKA

[Tinonomiyperan (PU) |nerkictb, mo 3ade3nedye MOpHCTa CTPYKTypa; aMopTu3aiis (miHomojiypeTan ao0pe
MOTJIMHAE yaapw Ta BiOpariii); BOJONOTIWHAHHS Ta BOJIOTOCTIMKICTh; MIIHICT 1
JIOBTOBIYHICTh (TIHOMOJiypeTaH CTIMKWA J0 3HOCY Ta Ma€ BHCOKY MIIIHICTh Ha
PO3TSATHEHHS); THYUKICTb (a2aNTHBHICTB 10 (POPMHU CTOIIH).

I'ens amopTH3ais, KoOM(QOPTHICTh, NOBIOBIYHICTH, TEPMOCTIHKICTh, BOJIOTOCTIHKICTh, IIPO30PICTh
i ecreTnKa

Hlkipa MIIHICT 1 JOBrOBIYHICTBH, MOBITPONPOHHMKHICTh, HATYPAJIBHICTh, €CTETHKA, THYUYKICTH 1

KOM(OPT, TEPMOCTIHKICTh, BOJIOTOCTIHKICTB.

[lina EVA (erunen-

J'Iel"KiCTL, eJ'IaCTI/I‘IHiCTL, TCILJIO3aXMCT, 3HOCOCTiI7[KiCTL, SIKUI HIUPOKO BUKOPUCTOBYETHCA Y

BiHIJIaLIETAT) BUTOTOBJICHHI caMe CIIOPTUBHOTO B3YTTS 3aBISKM CBOIM BJIACTUBOCTSIM, TaKHM SIK
aMopTH3allis Ta KOM(POPT.

Texcrunbhi 1|JerKicTh, creniajibHi BIaCTMBOCTI (HANPHKIIa[, aHTHOAKTepiabHUN 3axucT). J103BONSIOTH

MaTepiaiu 3pOOHUTH HOCIHHS B3yTTs KOM(OPTHIITNM, OCOOJIMBO B YMOBaX TPUBAJIOTO BUKOPHUCTAHHS.

£ aHTMbanTepianbHi BAACTHMBOCTI)

i b [ L
- OpTONEeguuYHKuN ederT;
Krwouosi | P : A ¢' .
ENQCTHBACT] JHL NOBITPONPOHMKHICTE YCTINHK;
YCTinox v FHYYHKICTD Ta IPYYHICTDL YCTIiNOK;
R ——

poamip Ta dopmMma YyCTinoK;
L TEpMOpErynauia ycTinok.

Puc. 1. T'irieHiYHi MOKa3HUKHN AHTHOAKTEPIiAJbHUX TEKCTHWIBHUX MaTepiajiB

Takum dYWHOM, KITIOYOBl (PYHKITIOHATBHI
BJIACTUBOCTI B3YTTEBUX YCTIJIOK — LI€:
1. AuTtubakTepiaibHa Jisl Ta TIT1EHIYHICTB.

AHnTHOAKTEpiadbHI  BJIACTHUBOCTI  YCTLIOK
JOCSITAIOTHCS IIIIXOM MPOCOYCHHS MaTepiaiiB
ne3indikyrounMu  3aco0amMu, aKTHBOBAHHUM
BYriuiaM abo Ol10aKTHBHUMH 10HaMH cpiOia
[29]. Ile BaxmuBOo s  HeWTpamizarii
HETIPUEMHUX 3araxis; 3armo0iraHHs
MOIIMPEHHIO TPUOKOBUX 1 OakTepialbHUX

1H(DEeKITIN; 3aXUCTy CTON Y JIIoACH 3 miaberom

a00 TOpYIIEHHSIM KpOBOOOITY, $KI MaroTh
HiABHUILEHY YyTIUBICTH 0 1H(EKIIH.

2. OpronennyHa MiATPUMKA Ta KOMQOPT.
OpromneanuHi yCTINKH KOPHUTYIOTH IIOCTaBY,

MiITPUMYIOTh CKJICTIIHHS CTOTTH Ta
MOKPAIIYIOTh piBHOBary, CHPUSIOThH
peabimitamii  cyrno6ie  [30]. M’skicte Ta
eproHOMIYHICTh ~ MaTrepiajiB  3amo0iraioTb
PO3BHUTKY apTPHUTIB 1 BAHUKHEHHIO MO30JIIB, 110
4acTo € HaCIIiAKOM eKCIuTyaTarii

nedhopmMoBaHUX a00 HESKICHUX YCTIJIOK.
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3. I1oBITPONPOHHUKHICTH Ta TEPMOPETYIIALs
31aTHICTh MaTepialy TPOITYCKAaTH TOBITPS €
BUPIIIAILHOIO JJIS MIATPUMAHHS ONTHMATbHOL
BOJIOTOCTI. Hanexna TEPMOPET YIS
3ano0irae meperpisy abo 3aMep3aHHIO CTOII,
OiATPUMYIOUH CTabimbHUI KpoBooOir [30, 31].
Ile 0coOMMBO BaXJIMBO JJIsI CHOPTHBHOTO
B3yTTS Ta 3ac00iB 1HAMBIAYaJbHOTO 3aXHUCTY,

[0 BHKOPUCTOBYIOTHCS B EKCTpPEMaJbHUX
MOTOHUX YMOBaX.
4. AHTpOoniomMeTprIHa BIJIITIOBIAHICTE

(po3mip Ta ¢opma) TounicTs miaAOOPY pO3MIpy
Ta aHaToMiuyHOi (OpMH YCTIIKM BHU3HAYAE

OioMexaHiKy XOJILOH. HeBinnoBigHiCTb
napamMeTpiB TPU3BOJAUTH A0 TEPTs, IHUCKOM-
¢dopTty Ta TpaBMatu3ariii cromu [ 10, 30, 31].

3 ormsAay Ha OCHOBHI NPUYMHH HOCIHHS
YCTIJIOK, 3 YpaxyBaHHS BIKOBHX OCOOJIMBOCTEH

nedhopmarii cToTI, YCTINKH MOHA
kinacu(ikyBaTH 3a pI3HUMH O3HAKaMHU B
3QJIGKHOCTI Bl  iXHBOTO  TNPU3HAYCHHS,

MartepiaiB, KOHCTPYKIII Ta (DyHKIIOHAIbHUX
BiIacTUBOCTEN. Humkue HaBemeHO ekl 3
OCHOBHMX KJaCH(]IKaIlIfHUX O3HAK YCTIIOK

(tabmus 2) [37-39].

Tabnuys 2
Kuaacudikanisa B3yTT€BHX YCTIIOK 32 OCHOBHMMH 03HAKAMM
Osnaxa Bupn (tun) ycrinku XapakTepucTHKa Ta (GyHKIIOHAJIbHE IIPU3HAYCHHS
knacudikamii
[oBcsikaeHHI 3abe3neueHHs: 6a30B0ro KOM(OPTY NpH IOJICHHIHN eKcIuTyaTanii.
CnopruBHi [linTpuMka cTOomM Ta IOCWIEHAa aMmMopTh3alis Mg 4Yac (i3uuHUX
HAaBaHTAXKEHb
3a npHsHAYCHHAM OpTonegﬂqu Kopexis 'IEaTOHOFiI‘/JI (TUTOCKOCTOITICTh, ApTPUTH), YCYHEHHs OO0 Ta
(MennuHi) nedopMartii.
TepmanbHi AKyMyJISIIis Ta 30€peKeHHs TeTla y XOJI0IHY ITOpY POKY
AHTnOakTepianbHi | 3amobiraHHs pPO3BUTKY MIKpo(Jopy Ta HeEHTpamisaiis HEMPUEMHHUX
3amaxiB
[xipstai Bucoka 3HOCOCTIMKICTh Ta BiIMiHHA IPUPOJIHA TTOBITPOIIPOHUKHICTH
TexkcTrnnbHI JlerkicTh, TAKTUILHUN KOM(OPT Ta 3pyUHICTh Y JOTJISII.
3a marepianom T'eneBi MakcuManbHa aMOpTH3aIlisl yIapHUX HaBAaHTKEHb Ta M'SIKICTh
ITinononiyperanosi | IligBuimeHa aganTUBHICTH A0 (OPMH CTOIH Ta JTOBrOBIUHICTh
Harypanbhi Exosoriunicts Ta crienudivyHa TrirpoCcKOMigHiCTh MaTepialiB.
OnHomaposi ITpocTa ruracka CTpyKTypa 3 OJHOPITHOTO MaTepiaiy.
3a KoHCTpyKILi€r BaraT(.)LuapOBi. KOMHO'SI/ITHi NaKeTH, /e KOKEH NPOIIapOK BUKOHYE OKpEMy dyHKIIITO.
IpodinboBani HasiBHICTh CyIIHATOPIB, BUTHMHIB Ta BKJIAJWLIB A MIATPUMKH apKu
CTOIH.
AMOpPTH3YIOUi 3HIDKEHHS yIapHOTO HaBaHTAXCHHS Ha CYrJI00M Ta XpeOeT.
3 . Kopuryroui @Dikcaris Ta MiTPUMKA aHATOMIYHO NPABHIIFHOTO ITOJI0)KEHHS CTOIIH.
H?CT(E]HKHIOHMB_ MacaxHi CTuMyIisIist M'sI3iB Ta TIOKPAIICHHS] MiKPOITUPKYJISIIiT KPOBi.
BonmonenponukHi 3axuCT BiJl BOJOTH B €KCTPEMaJIbHIUX YMOBAX CKCIUTyaTallil
AHTHKOB3a1041 HasiBHICTD MOKPHUTTS [Tt cTA01Ii3aI1il CTONN BCEPEIUHI B3YTTS

Oco0nuBy yBary B Cy4aCHUX JOCTIKEHHSX
NPUAICHO TIriEHIYHUM BIIACTUBOCTSIM YCTLIIOK,
30KpeMa 3/IaTHOCTI 3amo0iraTh HaKOIMYEHHIO
BOJIOTH, PO3BUTKY MIKPOOpPraHi3MiB Ta MOsBI
HEMPUEMHOTO 3amaxy. BHyTpimmHIA 1pocTip
B3YTTSl XapaKTEPU3Y€EThCS MiIBUIIEHOIO TeMIIe-
paTyporo Ta BOJIOTICTIO, III0 CTBOPIOE CIPUSTIIN-
Bi YMOBHU Il pO3MHOKEHHS OaKTepiil i rpuOKiB.
VY 11b0My KOHTEKCTI BaXXJIMBOTO 3HAYCHHS HaOy-
BAlOTh AHTHOAKTEpialbHI YCTUIKH, SIKI MICTSATbH
CHeriaibHi  aHTUMIKpOOHI KOMIIOHEHTH a0o
BUTOTOBIISIIOTHCS 3 MaTepialliB 13 MPUPOAHUMHU
aHTUOAKTEepIAIBHUMH  BJIACTUBOCTSMH. Y
HAYKOBUX MYOJIKAIisIX OMUCAHO Pi3HI MiIXOAH

70 HaJaHHS YCTUIKaAM aHTHOAKTepialbHOI ii,
30KpeMa BUKOPUCTAHHS 10HIB Ta HAHOYACTUHOK
cpibma, Miai, IUHKY, aKTHBOBAHOTO BYTLJUIA,
XiTO3aHy, @ TaKOXX OpPraHIYHUX 1 MPHPOIHUX
AHTUCETITHYHUX pPEYOBHH. Taki KOMIIOHCHTH
MOKYTh BBOAMTHUCS y CTPYKTYpYy MaTepiairy Ha
eTarm MOro BUTOTOBJICHHS a00 HAHOCUTHCS Y
BUTJISII TIOKPUTTIB 1 MpocoueHb. JlociikeHHs
MITBEP/UKYIOTh, 110 aHTHOAKTEpialbHI YCTUTKA
3MaTHI 3HWKYBAaTH YHCENBHICTh MATOT€HHUX
MIKpOOPTaHi3MiB, TOKpAIlyBaTh Tirl€HIYHUNA
CTaH B3YTTS Ta CIIPHUATH MPOQITAKTHILIl TPUOKO-
BUX 1 0aKTepiabHUX 3aXBOPIOBaHb cTom [13-15,
18, 32]. EdexTuBHICTH aHTHOAKTEpIATBHUX
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YCTUIOK BU3HAYAETHCS KOMIUIEKCOM TEXHOJIOT14-
HUX pIlIeHb, CIPSAMOBAHUX Ha MiATPUMAHHSI
ririeHu Ta 310poB's cronu (tabmuis 3) [13-15,
18, 32, 33].

BucHoBku. VY pe3ynabTaTi MpOBEIACHOTO
OISy HAayKOBHX JDKEped BCTAHOBIIEHO, IO
B3YTTEBI YCTUIKH € BaXJIMBUM OaratoyHK-
I[IOHAJBHUM €JIEMEHTOM KOHCTPYKIii B3YTTS,
SIKAWA CYTT€BO BIUIMBA€ Ha KOMQOPT, Tiri€Hid-
HUI CTaH, TEPMOPETYJIALII0 Ta eKCIUTyaTalliiHi
BJIACTUBOCTI  B3YTTEBUX BUPOOIB. AHami3
MOKa3aB, II0 Cy4YacHI YCTIJIKH PO3TIIAJAIOTHCS
HE JIUIIE SIK TOTIOMIXKHA CKJIa/10Ba B3YTTS, a 5K
CKJIagHUi OaraTomiapoBuii BupiO, y sSKOMY
MOETHYIOTHCS  aMOPTH3alllifHI, OPTOIEANYHI,
ririeHivHi Ta 3aXUCHI QYHKIII].

VY3aranbHEeHHsI HAYKOBUX MyOJTiKaIlii 103BO-
JWJIO CUCTEeMATH3yBaTH OCHOBHI MIiAXOAU [0
Kkiacudikarii ycTUIOK 3a MPU3HAYCHHSIM, MaTe-
plalaMu BUTOTOBJICHHS, KOHCTPYKTHBHUMH
0COOIMBOCTSMU Ta (PYHKITIOHATLHUMHU BJIACTH-
BOCTAMHU. BcraHoBieHo, 1m0 BubOip MaTepiaiiB
(minonomiyperan, EVA, reneBi kommo3wuilii,
HaTypajJbHA 1 INTy4YHAa MIKipa, TEKCTWIbHI Ta
HETKaH1 TOJOTHA) BU3HAYa€ PIBEHb aMOPTH-
3amii, MOBITPONPOHUKHOCTi, BOJOTOOOMIHY,
3HOCOCTIMKOCTI Ta KoM(popTy miag dac
excrutyararii. OcoOauBy pojib BIAIrpaloOTh
OararormapoBi KOHCTPYKIIl YCTUIOK, y SKHX
KOXEH MPOMIAPOK BHKOHYE YITKO BU3HAYCHY
¢dbyHkmiro Ta 3abe3medyye  OamaHC  MIXK
TITIEHIYHUMHA i MEXaHIYHHUMH BJIACTHBOCTSIMHU.

Tabnuys 3

DyHKIIOHAJIBbHI XaPaKTEPUCTHKHU TA TEXHOJIOTIYHI 0CO00IHBOCTI
aHTHOAKTEPIAJIBbHUX YCTIIOK

XapaKTepUCcTUKa

Texsouoriyse pimenss / Onuc

PeByJ'ILTaT Ta nepeBaru

AHTHMIKpOOHA
aKTHUBHICTh

O6pobka  ionamu  cpibua,
creliaJlbHUMH aHTHCENTUKAMU

Miji

a6o | [IpurniuenHs pocty TpuOKiB Ta OakTepiid;

npodinakTuka iHpeKii.

Je3onopyrounit XimiuHa HeWTpamizallis MPOAYKTIB po3maiy |3anoOiraHHs TMOsiBI HEMPHEMHOIO 3amaxy mpu
edexT MIKpOOpraHi3MiB MTOTOBHJIJICHHI.

I'igporepmiuna Bukopuctanns nopuctux MemOpaH Ta|EdexTuBHe BigBEJEHHS BOJOIW; MiATPUMKA
perysiist ripoiIbHUX TEKCTUIBHUX MaTepiajiB CYXOT0 MIKPOKJIIMATY CTOIIH.

Excnnyarauniiina I'mibGoke  mpocoueHHss abo  HaHeceHHs | 30epexKEHHs BIACTUBOCTEH MiC/IA  TPUBAJIOIO
CTIMKICTB 3aXMCHOTO OKPHUTTS HAa BOJOKHA HOCIHHI Ta 0araTopa3oBOro MpaHHsl.

BiocymicHicTh
IHEPTHHX TOJIIMEpIB

BI/IKOPI/ICTaHHﬂ FiHOﬂHepFeHHI/IX CKJ'Ia)IiB Ta

MiHimizanis pU3UKy HOApa3HEHb Ta aJepriuHUX
peaxiiiii mKipu.

Macaxuuii edext XBunscra (npodinboBaHa)

OKpEeMHX MoJeneit

TMOBEPXHA

IMokpalieHHs MiKpOLUPKYJIALIl KPOBi; 3MEHIIEHHS
BTOMH HiT.

Marepianbna 6a3a KomOiHyBaHHS TEKCTHIIIO, TMIHOK,

MeMOpaH a00 HaTypaJlbHOI LIKipu

MoOXIMBICTh ajanTaiii YCTUIKM Wi KOHKpPETHI
YMOBH eKCILTyaTauii.

renis,

[IpoBeneHuii aHami3 MATBEPAMB aKTyallb-
HICTh BHUKOPHCTaHHS aHTHOAKTepiaJbHUX Ta
AHTUMIKpPOOHMX KOMIIOHEHTIB B YCTLIKax JUIs
3amo0iraHHs PO3BUTKY MAaTOTEHHOI MiKpodIio-
pH, HelTpamizauii HENPUEMHOIO 3amaxy Ta
MiITPUMAHHS 3I0POBOT'0 MIKPOKJIIMATY CTOIIH.
Haykogi mxepena cBiquats Ipo e(heKTUBHICTD
3aCTOCYBaHHsI 10HIB 1 HAHOYACTHHOK METAlliB,
aKTUBOBAHOTO BYT1ILJIS, XITO3aHY Ta PUPOJIHUX
AHTHCENTHYHUX PEUOBHH, BOJHOYAC HAroJIO-
ITYIOYM Ha HEOOX1JHOCTI KOMIUIEKCHOI OIIHKH
ix 010CyMICHOCTI, JIOBIOBIYHOCTI Ta
€KOJIOT14HO1 0€3IMeYHOCTi.

[lepcneKTHBY MOAATBIIUX JTOCTIIKEHb Yy
JaHOMY HampsiMi JIOLIJIBHO TIOB’A3YBaTH 3
KOMIUIEKCHUM  BUBYCHHSIM  0araTomnrapoBuX
KOHCTPYKIIIH YCTUIOK, ONITUMI3AIli€r0 TTOE€THAH-
HA TEKCTUJIBHUX, MOJIMEPHUX 1 MPHUPOIHHX

Marepiais, a  TaKkoX  po3poOJIeHHAM
€KOJIOTIYHO Oe3MeYHuX aHTHOAKTeplaTbHUX
TEXHOJIOTIH 13 MPOJIOHTOBAHOIO  JII€IO.
AXTyaapHUMHA € eKCIIepUMEHTAJIbHI
JNOCTIDKEHHST  BIUIMBY  aHTHOAKTEpialbHUX
YCTIJIOK Ha MIKPOKJIIMAT B3yTTS 32 PI3HUX YMOB
eKCIUTyaTallii, a TaKoX OIiHKa 1X e()eKTUBHOCTI
JUISL PI3HUX TPYI CIOXHUBa4iB (CIIOPTCMEHIB,
BiICBKOBOCTY»OOBIIIB, JTIOJCH MOXHUIOTO BIKY
Ta 0Ci0 13 XpOHIYHUMH 3aXBOPIOBAHHSIMHU ).

OTtpuMaHi y3aralbHEHHS MOXYTb CIIyTYBaTH
HAYKOBO-TEOPETUYHOIO OCHOBOIO JUTSI TIOJalTh-
MUX TPUKIAIHAX JOCIIHKEHb 1 CTBOPECHHS
IHHOBAIIMHUX B3YTTEBUX YCTUIOK 13 ITiABHUIIC-
HUMH TiTi€HIYHUMH, aHTHOAKTepiaJbHUMHU Ta
eKCIUTyaTalliiHUMHA ~ BJIACTHBOCTSIMH, IO
BiJIMOBIJAIOTh CY9aCHUM BUMOTaM B3yTT€EBOI Ta
TEKCTHIJIHHOI TPOMHCIIOBOCTI.

32 | Inoycmpis moou. Fashion Industry. 2026. Ne 1



ISSN: 2706-588X; e ISSN: 2706-5898

JlirepaTypa

1. Handbook of fibrous materials / ed. by J. Hu,
B. Kumar, J.Lu. Wiley, 2020. 1040p. DOI:
https://doi.org/10.1002/9783527342587.

2. Chang Y., Wang X. Sweat and odor in sportswear
— Areview. IScience. 2023. Vol. 26, no. 7. P. 1-17. DOI:
https://doi.org/10.1016/j.isci.2023.107067.

3. Jankauskaité V. et al. Influence of the structure of
footwear upper and lining materials on their electrical
properties. Fibres and textiles in Eastern Europe. 2018.
Vol. 26, No. 2(128). P. 87-92. DOl:
https://doi.org/10.5604/01.3001.0011.5744.

4. Rafikov A., Mirzayev N., Alimkhanova S.
Multilayer nonwoven lining materials made of wool and
cotton for clothing and footwear. Journal of industrial
textiles. 2022. Vol. 51, No. 4_S. P. 61735-6194S. DOI:
https://doi.org/10.1177/15280837211060881.

5. Chiu H.-T., Shiang T.-Y. Effects of insoles and
additional shock absorption foam on the cushioning
properties of sport shoes. Journal of applied
biomechanics. 2007. Vol. 23, No. 2. P. 119-127. DOI:
https://doi.org/10.1123/jab.23.2.119.

6. Irzmanska E. et al. Evaluation of functional insoles
for protective footwear under simulated use conditions /
E. Irzmanska et al. Autex research journal. 2020. Vol. 22,
No. 1. P. 26-34. DOI: https://doi.org/10.2478/aut-2020-

0045.

7. TonoBko M. IT. Ta iH.
ToBapo3HaBCTBO OASATOBO-B3YTTEBUX
TOBapiB: HaBd4. NOCIOHHUK. XapkiB:

XAVXT, 2015. 459 c.

8. Pubansruenko B. B., Konmosan B. II.,
Hperynsic E. I[I. Martepiano3HaBCTBO BHpPOOiB
JNEerKoi MIPOMUCITOBOCTI. Metonu
BUNIPOOYBaHb: HaBY. MOoCiOHUK. Kuis:

KHYTZA, 2010. 395 c.

9. CuBoKOHbB M. JI. Po3pobka
METOHOJNOTIYHUX ONPUHIUIIB
NPOCKTYBaHHS Ta BUTOTOBIEHHS

IHOUBIyaJIbHUX OPTE31iB OJSI XOMIHHS 3
M’ AKHX NIaCTUYHUX MaTepianiB:
mMaricrepcbka pobora: cmem. 131 -
NpUKJIagHa MeXaHika / HayK. KEpiBHHK

B. O. 3anora. Cymu: CymJAY, 2019.
65 c.

10. Oniviauxkosa B. B., babuu A. 1.,
T'oamapuyk II. M., Mapymenko O. B.
IaguBinyanpHi opTOmMEeXMYHI YCTIJIKH Ta ix

BUTOTOBJIEeHHA. Bichux KHYT/. 2010. Ne 4.
C. 50-53.

11. T'apkaBenko C. C., KoBanpuyk O.
B., Ilepas H. B., Ilpynuikosa H. .
B3yTTss cnenialbHOrOo TMNpU3HAaYeHHSA 3
AKTUBHUM BIJHUBOM Ha pPEPIEKTOPHI TOUKH
Horu: MoHorpadis. Kuis: KHYTI, 2017.
116 c.

12. TaBpunko B. M. HopmaruBHO-
TexHidHe 3abe3medyeHHS SAKOCTI Ta
Oe3meku MaTepialliB AJIS OPTONMEIUYHHUX
MEeJUYHHUX BUPOOiB: Maricrepcbka

References

1. Hu, J., Kumar, B., & Lu, J. (eds.) (2020).
Handbook of fibrous materials. Wiley. 1040 p.
https://doi.org/10.1002/9783527342587.

2. Chang, Y., Wang, X. (2023). Sweat and odor in
sportswear — A review. lIscience, 26(7), 1-17,
https://doi.org/10.1016/j.isci.2023.107067.

3. Jankauskaité, V. et al. (2018). Influence of the
structure of footwear upper and lining materials on their
electrical properties. Fibres and textiles in Eastern
Europe, 26(2(128), 87-92, https://doi.org/10.5604/01.
3001.0011.5744.

4. Rafikov, A., Mirzayev, N., & Alimkhanova, S.
(2022). Multilayer nonwoven lining materials made of
wool and cotton for clothing and footwear. Journal of
industrial textiles, 51(4_S), 6173S-6194S. DOI:
https://doi.org/10.1177/15280837211060881.

5. Chiu, H.-T., & Shiang, T.-Y. (2007). Effects of
insoles and additional shock absorption foam on the
cushioning properties of sport shoes. Journal of applied
biomechanics, 23(2), 119-127, https://doi.org/10.1123/
jab.23.2.119.

6. Irzmanska, E. et al. (2020). Evaluation of
functional insoles for protective footwear under
simulated use conditions. Autex research journal,
22(1), 26-34, https://doi.org/10.2478/aut-2020-
0045.

7. Holovko, M. P. et al. (2015). Tovaroznavstvo
odiahovo-vzuttievykh  tovariv: ~ navch.  posibnyk
[Merchandising of clothing and footwear products: a
textbook]. Kharkiv: KhDUKhT. 459 p. [in Ukrainian].

8. Rybalchenko, V. V., Konoval, V. P., & Drehulias,
E. P. (2010). Materialoznavstvo vyrobiv lehkoi
promyslovosti. Metody vyprobuvan : navch. posibnyk
[Materials science of light industry products. Test methods:
textbook]. Kyiv: KNUTD. 395 p. [in Ukrainian].

9. Syvokon, M. L. (2019). Rozrobka
metodolohichnykh  pryntsypiv  proektuvannia ta
vyhotovlennia indyvidualnykh orteziv dlia khodinnia z
miakykh plastychnykh materialiv [Development of
methodological principles for the design and manufacture
of individual walking orthoses from soft plastic materials:
master's thesis: speciality 131 — applied mechanics].
Scientific supervisor V. O. Zalog. Sumy: SumDU. 65 p.
[in Ukrainian].

10. Oliinykova, V. V., Babych, A. I., Hondarchuk, P.
M., & Marushchenko, O. V. (2010). Indyvidualni
ortopedychni ustilky ta yikh vyhotovlennia [Individual
orthopedic insoles and their production]. Visnyk KNUTD,
4, 50-53 [in Ukrainian].

11. Harkavenko, S. S., Kovalchuk, O. V., Pervaia, N.
V., & Prudnikova, N. D. (2017). Vzuttia spetsialnoho
pryznachennia z aktyvnym vplyvom na reflektorni tochky
nohy: monohrafiia [Special-purpose footwear with an
active effect on the reflex points of the foot: monograph].
Kyiv: KNUTD. 116 p. [in Ukrainian].

12. Havrylko, V. M. (2020). Normatyvno-tekhnichne
zabezpechennia yakosti ta bezpeky materialiv dlia
ortopedychnykh medychnykh vyrobiv [Regulatory and
technical assurance of quality and safety of materials for

Inoyempis moou. Fashion Industry. 2026. Ne 1/ 33


https://doi.org/10.1002/9783527342587
https://doi.org/10.1016/j.isci.2023.107067
https://doi.org/10.5604/01.3001.0011.5744
https://doi.org/10.1177/15280837211060881
https://doi.org/10.1123/jab.23.2.119
https://doi.org/10.2478/aut-2020-0045
https://doi.org/10.2478/aut-2020-0045
https://doi.org/10.1002/9783527342587
https://doi.org/10.1016/j.isci.2023.107067
https://doi.org/10.5604/01.%203001.0011.5744
https://doi.org/10.5604/01.%203001.0011.5744
https://doi.org/10.1177/15280837211060881
https://doi.org/10.1123/%20jab.23.2.119
https://doi.org/10.1123/%20jab.23.2.119
https://doi.org/10.2478/aut-2020-0045
https://doi.org/10.2478/aut-2020-0045

ISSN: 2706-588X; e ISSN: 2706-5898

pobora: cmenm. 152 MEeTpoOJoriss Ta
iHpopManiiHO-BUMipIOBaJibHA TEXHiKa /
Hayk. kepiBHuk K. O. Hsanwpa. Cymu:
CymAY, 2020. 100 c.

13.Koire 1., Menceloglu Y., Sanli N. Antibacterial
efficiency of quaternary ammonium silane-coated shoe
insoles using the sol-gel technique. Turkish journal of
bioscience and collections. 2024. Vol. 8, No. 2. P. 111~
119. DOI: https://doi.org/10.26650/tjbc.1523112.

14.Gupta A. K., Simkovich A. J., Hall D. C. The
march against onychomycosis: a systematic review of the
sanitization methods for shoes, socks, and textiles.
Journal of the american podiatric medical association.
2022. Vol. 112, No. 4. P.1-34. DOI:
https://doi.org/10.7547/21-223.

15.Rodriguez C. et al. Antibacterial effects of
photocatalytic textiles for footwear application. Catalysis
today. 2014. Vol. 230. P. 41-46. DOI:
https://doi.org/10.1016/j.cattod.2013.12.023.

16.Yilmaz B., Karavana H. A. Application of
Chitosan-Encapsulated Orange Oil onto Footwear Insock
Leathers : spray drying technique for an environmentally
sustainable antibacterial formulation. Johnson matthey
technology review. 2020. Vol. 64, No. 4. P. 443-451.
DOI: https://doi.org/10.1595/205651320x159013401901
39.

17.Jain A. K., Tesema A. F. Development of
antimicrobial textiles using zinc pyrithione. Research
journal of textile and apparel. 2017. Vol. 21, No. 3.
P.188-202. DOI: https://doi.org/10.1108/rjta-06-2017-
0031.

18. Bapnausu A., Penrko s,
AHTHOaKTEepianbHi areHTH JJs CTBOPEHHS
TEKCTUIBHUX MaTepianiB - Cy‘IaCHI/Iﬁ CTaH Ta
tenaeHuii po3sutky. Herald of Khmelnytskyi
National University. Technical sciences. 2024.
T. 333, Ne 2. C. 112-119. DOI:
https://doi.org/10.31891/2307-5732-2024-
333-2-17.

19. Bapagausa A. O., I'apanima O. O.,
Penvko . B. JlocnigXeHHS KOMIJICKCHHUX

MOKa3HHUKIB SAKOCTI AaHTHOAKTepialbHUX
TEKCTHIbHHUX MaTepiajis. Fashion
industry. 2024. N 1. C.61-70. DOI:

https://doi.org/10.30857/2706-5898.2024.
1.3.

20.Yick K.-L., Tse C.-Y. The use of textiles and
materials for orthopedic footwear insoles. Handbook of
footwear design and manufacture. 2021. P. 361-388.
DOI: https://doi.org/10.1016/b978-0-12-821606-
4.00012-0.

21.Messaoud M. et al. Physical and mechanical
characterizations of recyclable insole product based on
new 3D textile structure developed by the use of a
patented vertical-lapping process. Journal of industrial
textiles. 2013. Vol. 44, No. 4. P. 497-512. DOI:
https://doi.org/10.1177/1528083713502996.

22.Yick K. L., Tse C. Y. Textiles and other materials
for orthopaedic footwear insoles. Handbook of footwear
design and manufacture. 2013. P.341-371. DOI:
https://doi.org/10.1533/9780857098795.4.341.

orthopedic medical devices: master's thesis: speciality
152 - metrology and information and measuring
technology]. Scientific supervisor K. O. Dyadyura. Sumy:
SumDU. 100 p. [in Ukrainian].

13.Koire, 1., Menceloglu, Y., & Sanli, N. (2024).
Antibacterial efficiency of quaternary ammonium silane-
coated shoe insoles using the sol-gel technique. Turkish
journal of bioscience and collections, 8(2), 111-119,
https://doi.org/10.26650/tjbc.1523112.

14.Gupta, A. K., Simkovich, A. J., & Hall, D. C.
(2022). The march against onychomycosis: a systematic
review of the sanitization methods for shoes, socks, and
textiles. Journal of the american podiatric medical
association, 112(4), 1-34, https://doi.org/10.7547/21-
223.

15. Rodriguez, C. et al. (2014). Antibacterial effects of
photocatalytic textiles for footwear application. Catalysis
today, 230, 41-46, https://doi.org/10.1016/j.cattod.2013.
12.023.

16.Yilmaz, B., & Karavana, H. A. (2020).
Application of Chitosan-Encapsulated Orange Oil onto
Footwear Insock Leathers: spray drying technique for
an  environmentally  sustainable  antibacterial
formulation. Johnson matthey technology review,
64(4), 443-451, https://doi.org/10.1595/205651320x1
5901340190139.

17.Jain, A. K., & Tesema, A. F. (2017).
Development of antimicrobial textiles using zinc
pyrithione. Research journal of textile and apparel,
21(3), 188-202, https://doi.org/10.1108/rjta-06-
2017-0031.

18.Vardanian, A., & Redko Ya. (2024).
Antybakterialni ahenty dlia stvorennia tekstylnykh
materialiv — suchasnyi stan ta tendentsii rozvytku
[Antibacterial agents for the creation of textile materials —
current status and development trends]. Herald of
Khmelnytskyi National University. Technical sciences,
333(2), 112-119, https://doi.org/10.31891/2307-5732-
2024-333-2-17 [in Ukrainian].

19. Vardanian, A. O., Haranina, O. O., & Redko, Ya.
V. (2024). Doslidzhennia kompleksnykh pokaznykiv
yakosti  antybakterialnykh  tekstylnykh — materialiv
[Research on comprehensive quality indicators of
antibacterial textile materials]. Fashion industry, 1, 61—
70, https://doi.org/10.30857/2706-5898.2024.1.3  [in
Ukrainian].

20.Yick, K.-L., & Tse, C.-Y. (2021). The use of
textiles and materials for orthopedic footwear insoles.
Handbook of footwear design and manufacture (pp. 361-
388). https://doi.org/10.1016/b978-0-12-821606-
4.00012-0.

21.Messaoud, M. et al. (2013). Physical and
mechanical characterizations of recyclable insole product
based on new 3D textile structure developed by the use of
a patented vertical-lapping process. Journal of industrial
textiles, 44(4), 497-512, https://doi.org/10.1177/
1528083713502996.

22.Yick, K. L., & Tse, C. Y. (2013). Textiles and
other materials for orthopaedic footwear insoles.
Handbook of footwear design and manufacture (pp. 341-
371). https://doi.org/10.1533/9780857098795.4.341.

34 | Inoycmpis moou. Fashion Industry. 2026. Ne 1


https://doi.org/10.26650/tjbc.1523112
https://doi.org/10.7547/21-223
https://doi.org/10.1016/j.cattod.2013.12.023
https://doi.org/10.1595/205651320x159013401901%2039
https://doi.org/10.1595/205651320x159013401901%2039
https://doi.org/10.1108/rjta-06-2017-0031
https://doi.org/10.1108/rjta-06-2017-0031
https://doi.org/10.31891/2307-5732-2024-333-2-17
https://doi.org/10.31891/2307-5732-2024-333-2-17
https://doi.org/10.30857/2706-5898.2024.%201.3
https://doi.org/10.30857/2706-5898.2024.%201.3
https://doi.org/10.1016/b978-0-12-821606-4.00012-0
https://doi.org/10.1016/b978-0-12-821606-4.00012-0
https://doi.org/10.1177/1528083713502996
https://doi.org/10.1533/9780857098795.4.341
https://doi.org/10.26650/tjbc.1523112
https://doi.org/10.7547/21-223
https://doi.org/10.7547/21-223
https://doi.org/10.1016/j.cattod.2013.%2012.023
https://doi.org/10.1016/j.cattod.2013.%2012.023
https://doi.org/10.1595/205651320x1%205901340190139
https://doi.org/10.1595/205651320x1%205901340190139
https://doi.org/10.1108/rjta-06-2017-0031
https://doi.org/10.1108/rjta-06-2017-0031
https://doi.org/10.31891/2307-5732-2024-333-2-17
https://doi.org/10.31891/2307-5732-2024-333-2-17
https://doi.org/10.30857/2706-5898.2024.1.3
https://doi.org/10.1016/b978-0-12-821606-4.00012-0
https://doi.org/10.1016/b978-0-12-821606-4.00012-0
https://doi.org/10.1177/%201528083713502996
https://doi.org/10.1177/%201528083713502996
https://doi.org/10.1533/9780857098795.4.341

ISSN: 2706-588X; e ISSN: 2706-5898

23.Mendes A. A. M. T. et al. Main types of insoles
described in the literature and their applicability for
musculoskeletal disorders of the lower limbs: a systematic
review of clinical studies. Journal of bodywork and
movement therapies. 2020. Vol. 24, No. 4. P.29-36.
DOI: https://doi.org/10.1016/j.jbmt.2020.06.001.

24.Perry S. D. et al. Efficacy and effectiveness of a
balance-enhancing insole. The journals of gerontology
series A: biological sciences and medical sciences. 2008.
Vol. 63, No. 6. P. 595-602. DOI: https://doi.org/10.1093/
gerona/63.6.595.

25.Healy A., Dunning D. N.,  Chockalingam N.
Materials used for footwear orthoses: a review. Footwear
science. 2010. Vol.2, No.2. P.93-110. DOI:
https://doi.org/10.1080/19424280.2010.486045.

26.Healy A., Dunning D., Chockalingam N. Effect of
insole material on plantar pressure. Footwear science.
2011. Vol. 3, Sup. 1. P. S69-S70. DOl:
https://doi.org/10.1080/19424280.2011.575804.

27.Raha S. Documentation on protective textile:
existing technical textile products & new developments.
International journal for multidisciplinary research.
2025. Vol.7, No.3. DOI: https://doi.org/10.36948/
ijfmr.2025.v07i03.48306.

28.Naseem Z. et al. An innovative approach to
enhance the durability and sustainability of shoe insoles.
Sustainability. 2024. Vol. 16, No. 21. Art. 9195. DOI:
https://doi.org/10.3390/su16219195.

29.Marques S. M. et al. Antimicrobial TiN-Ag
coatings in leather insole for diabetic foot. Materials.
2022. Vol.15, No.6. P.1-14. DOI: https://doi.org/
10.3390/ma15062009.

30. Yeprenko JI., Kepuem B., Kysima H.
IaguBinyamizamiss OpPTONMEIUYHOTO B3yTTH:
KIK4Y0Bi ¢akTopu mpu mpoektyBanHi. Herald

of Khmelnytskyi National University.
Technical sciences. 2024. T. 339, N 4.
C. 491-496. DOI: https://doi.org/10.31891/

2307-5732-2024-339-4-72.

31. ApanacrbeBa B. A. Ta iH.
ToBapo3HaBCTBO OASATOBO-B3YTTEBUX
ToBapiB: HaBu. mnociOHmk. XapkiB: XAI,
2010. 181 c.

32. T'apaunina O. O. Ta iH.
3acTocyBaHHSA iHTeHcudikatopa 3

anTubakTepianpHOIO Aicto npu papOyBaHHI
0aBOBHSHO-TIONiehipHHUX TEKCTUIbHUX
maTepianis. Fashion industry. 2023. Ne 1.
C. 29-36. DOI: https://doi.org/10.30857/
2706-5898.2023.1.2.

33. Martinez M. Antimicrobial materials. Health and
Safety International. URL: https://www.healthand
safetyinternational.com/article/1842883/antimicrobial-

23.Mendes, A. A. M. T. et al. (2020). Main types of
insoles described in the literature and their applicability
for musculoskeletal disorders of the lower limbs: a
systematic review of clinical studies. Journal of bodywork
and movement therapies, 24(4), 29-36, https://doi.org/
10.1016/j.jbmt.2020.06.001.

24.Perry, S. D. et al. (2008). Efficacy and
effectiveness of a balance-enhancing insole. The journals
of gerontology series A: biological sciences and medical
sciences, 63(6), 595-602, https://doi.org/10.1093/gerona/
63.6.595.

25. Healy, A., Dunning, D. N., & Chockalingam, N.
(2010). Materials used for footwear orthoses: a review.
Footwear science, 2(2), 93-110, https://doi.org/10.1080/
19424280.2010.486045.

26.Healy, A., Dunning, D., & Chockalingam, N.
(2011). Effect of insole material on plantar pressure.
Footwear science, 3(1), S69-S70,
https://doi.org/10.1080/19424280.2011.575804.

27.Raha, S. (2025). Documentation on protective
textile: existing technical textile products & new
developments. International journal for multidisciplinary
research, 7(3), https://doi.org/10.36948/ijfmr.2025.
v07i03.48306.

28. Naseem, Z. et al. (2024). An innovative approach
to enhance the durability and sustainability of shoe
insoles. Sustainability, 16(21), 9195,
https://doi.org/10.3390/su16219195.

29.Marques, S. M. et al. (2022). Antimicrobial
TiN-Ag coatings in leather insole for diabetic foot.
Materials, 15(6), 1-14, https://doi.org/10.3390/
mal5062009.

30. Chertenko, L., Kernesh, V., & Kuzina, N. (2024).
Indyvidualizatsiia ortopedychnoho vzuttia: kliuchovi
faktory pry proiektuvanni [Individualization of
orthopedic footwear: key factors in design]. Herald of
Khmelnytskyi National University. Technical sciences,
339(4), 491-496, https://doi.org/10.31891/2307-5732-
2024-339-4-72 [in Ukrainian].

31. Afanasieva, V. A. et al. (2010). Tovaroznavstvo
odiahovo-vzuttievykh  tovariv:  navch.  posibnyk
[Merchandising of clothing and footwear products: a
textbook]. Kharkiv: KhAI. 181 p. [in Ukrainian].

32.Haranina, O. O. et al. (2023). Zastosuvannia
intensyfikatora z antybakterialnoiu diieiu pry farbuvanni
bavovniano-poliefirnykh tekstylnykh materialiv
[Application of an intensifier with antibacterial effect
when dyeing cotton-polyester textile materials]. Fashion
industry, 1, 29-36, https://doi.org/10.30857/2706-
5898.2023.1.2 [in Ukrainian].

33.Martinez, M. (n.d.). Antimicrobial materials.
Health and Safety International. URL: https://www.
healthandsafetyinternational.com/article/1842883/antimi

materials (date of access: 03.02.2026).

crobial-materials (date of access: 03.02.2026).

Inoyempis moou. Fashion Industry. 2026. Ne 1/ 35


https://doi.org/10.1016/j.jbmt.2020.06.001
https://doi.org/10.1093/%20gerona/63.6.595
https://doi.org/10.1093/%20gerona/63.6.595
https://doi.org/10.1080/19424280.2010.486045
https://doi.org/10.1080/19424280.2011.575804
https://doi.org/10.36948/%20ijfmr.2025.v07i03.48306
https://doi.org/10.36948/%20ijfmr.2025.v07i03.48306
https://doi.org/10.3390/su16219195
https://doi.org/%2010.3390/ma15062009
https://doi.org/%2010.3390/ma15062009
https://doi.org/10.31891/%202307-5732-2024-339-4-72
https://doi.org/10.31891/%202307-5732-2024-339-4-72
https://doi.org/10.30857/%202706-5898.2023.1.2
https://doi.org/10.30857/%202706-5898.2023.1.2
https://doi.org/%2010.1016/j.jbmt.2020.06.001
https://doi.org/%2010.1016/j.jbmt.2020.06.001
https://doi.org/10.1093/gerona/%2063.6.595
https://doi.org/10.1093/gerona/%2063.6.595
https://doi.org/10.1080/%2019424280.2010.486045
https://doi.org/10.1080/%2019424280.2010.486045
https://doi.org/10.1080/19424280.2011.575804
https://doi.org/10.36948/ijfmr.2025.%20v07i03.48306
https://doi.org/10.36948/ijfmr.2025.%20v07i03.48306
https://doi.org/10.3390/su16219195
https://doi.org/10.3390/%20ma15062009
https://doi.org/10.3390/%20ma15062009
https://doi.org/10.31891/2307-5732-2024-339-4-72
https://doi.org/10.31891/2307-5732-2024-339-4-72
https://doi.org/10.30857/2706-5898.2023.1.2
https://doi.org/10.30857/2706-5898.2023.1.2

ISSN: 2706-588X; e ISSN: 2706-5898

CrarTs Hajiinua 10 penaxuii / [puitasiTa 1o ApyKy / Omny0unikoBaHo /
Received 25.02.2026 Accepted 12.03.2026 Published 09.04.2026

MUMXANJTOBCBKA OKCAHA
XMenbHUIBKUH HalllOHAJILHUN YHIBEPCUTET, YKpaiHa
e-mail: mykhailovskao@khmnu.edu.ua
https://orcid.org/0000-0001-5025-6571

I'EUBAIIYK CBITJIAHA
XMenpHUIbKUY HaIllOHAIBHUHN YHIBEpCHTET, YKpaiHa
e-mail: heivashchuksm@khmnu.edu.ua
https://orcid.org/0009-0007-1478-6461

331.101.1-053.2

https://doi.org/10.30857/2706-5898.2026.1.4

V]IK 685.34

PO3POBKA CUCTEMU EPTOHOMIYHUX ITOKA3ZHHUKIB
AUTAYOI'O AJAIITUBHOTI'O B3YTTA

Mema. Teopemuune 0OIPYHMYGAHHA MA PO3POOKA KOMNJIEKCHOI CUCEMU epP2OHOMIYHUX NOKASHUKIG
OUMAY020 A0ANMUBHO20 G3yMms, W0 3ab6e3neuyioms YinicHy €O0Hicmb  i3uyHo20 Kom@opmy ma
NO3UMUBHO20 NCUXOEMOYIIHO20 CIAKY OUMUHU 8 NPOYeCi eKcniyamayii upooy.

Memoou. Y Oocridocenni 010 3ACMOCOBAHO KOMWIEKCHUUL NIOXi0, WO OXONI08A8 AHANI3
MoppopyHKyionarsHux ocobrueocmerl cmon Oimeti 3 NOPYULEHHAMU ONOPHO-PYX08020 anapamy ma
NCUX0eMOYiliHOL (CeHcopHoi) cqhepu, Memoou epeoHOMIUHO20 MOOen08AHH KOHCIMPYKMUGHUX DIilieHb,
npoginoeants Kopucmysauie 0isi 6UHAYEHHS CReyudiyHux nomped yinbogoi epynu, a maxkoic Memoo
anpiopnoi  éepuixayii 015 NPOSHO3YEAHHS  BIONOBIOHOCMI NPOEKMY I[HKIIOZUBHUM GUMO2AM HA
nepeonpoeKmuii cmaoii.

Pesynomamu. Y peszynomami 0ocniodcenusi i0enmugiko8ano, wo epeoHOMIKA adanmueHo20 63YmmisL
baszyemvcs Ha MPvOX DYHOAMEHMATLHUX EPYNAX NOKAZHUKIB: AHMPONOMEMpPUYHUX (8i0nogioHicmy
SBHYMPIWHIX napamempie e3ymms 00°’eMy CMOnU, 3a HeoOXIOHOCMI 3 YPAxXy8aHHAM Opmes3ie),
Oiomexaniunux (3abesnevenns KOpekmHOI cmabinizayii 20MIIKOBOCMONHO20 Cyeni0ba ma NIOMPUMKU
izionoeiuno2o nepexamy cmonu) i cencopro-ncuxonociunux. Ocobaugy ysazy npuliieHo napamempam
«BXIOH020 OMBOPY» KOHCMPYKYII ma iHHOGayitinum cucmemam ¢hixcayii. [logedeno, wjo moociugicmo
MAKCUMATIBHO20 PO3KPUMMSL 63VIMMA Y NOEOHAHHI 3 THMYIMUBHO 3PO3VMITUMU eleMeHMAMU 3ACMIOAHHS
(maeHimui ikcamopu, Kpyeosi OIUCKABKU) € KPUMUYHUM (HaKkmopom popmyeanHs asmoHOMIT OumuHu.
Minimizayis cmopoHHb0i 00nOMO2U Ni0 YAC 83V8AHHA CNPUAE NIOBUWYEHHIO CAMOOYIHKU MA 3HUINCEHHIO
Di6H MPUBOICHOCTE OUMUHU.

Haykoea nosusna. Knouosum HAYyKOGUM OOCASHEHHAM POOOMU € po3podKa aneopummy opmyeans
npo@inio Kopucmysaua, wjo iHmezpye MeOudHi NOKA3AHHS 3 THOUBIOYAIbHOI CEHCOPHON YYMIUGLCIIO.
Bcmanoeneno npamy 3anesichicms Midic mMAakmuibHUMU XapaKkmepucmukamu 6HYmpiuiHb020 NPOCHOpPY
63ymMmsl Ma KOSHIMUGHUM HABAHMANCEHHAM HA HEPEO8Y CUCmeMy OUMUHU. 3ACMOCY8AHHS Oe3UI08HUX
MEXHONO0CIL MA NAPONPOHUKHUX Mamepianie 3anobicac CeHCOPHOMY NEPeBAHMANCEHHIO [ CHpUsE
npononeayii pizuuHoi akmueHocmi.

IHpaxmuyuna 3nauumicme. Ompumani pe3yibmamu 182U 8 0CHO8Y HAYK080 0OIPYHMOBAHUX PeKOMeHOayill
onst  OuzaiiHepié ma KOHCMPYKMOPI8 CHeyianizo8ano20 63ymms. 3anponoHosanuti nioxio 00380Js5€
CmMeoprgamu UpooU, wo IHmMezpyrms MeOudHy (QYHKYI 8 ecmemuKy Cy4acHo20 OU3auHy, CApUsiodu
coyianvHitl iHK03ii. Bucnosku cmammi moxicyms Oymu 6npoaoddiCceHi y 8UPOOHUYMEO HOBUX NIHIUOK
OUMAY020 A0ANMUBHO20 G3YMMS, A MAKONC SUKOPUCMAHI 6 KIIHIUHIU npakxmuyi peabirimonozie ma
npome3ucmia.

Copyright © The Author(s). This is an open access article
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DEVELOPMENT OF ASYSTEM OF ERGONOMIC
INDICATORS FOR CHILDREN'S ADAPTIVE FOOTWEAR

MYKHAILOVSKAA OKSANA, HEIVASHCHUK SVITLANA
Khmelnytskyi National University, Ukraine

Purpose. Theoretical substantiation and development of a comprehensive system of ergonomic indicators
for children's adaptive footwear, ensuring a holistic unity of physical comfort and the child's positive
psycho-emotional state during product use.

Methodology. The study employed a comprehensive approach, including the analysis of morphofunctional
characteristics of the feet in children with musculoskeletal and psycho-emotional (sensory) disorders. It
utilized ergonomic modeling of structural solutions, user profiling to identify specific needs of the target
group, and the method of a priori verification to predict project compliance with inclusive requirements at
the pre-design stage.

Results. The study identified that the ergonomics of adaptive footwear is based on three fundamental groups
of indicators: anthropometric (compliance of internal footwear parameters with foot volume, accounting
for orthoses where necessary), biomechanical (ensuring correct stabilization of the ankle joint and
supporting the physiological roll of the foot), and sensory-psychological. Special attention is paid to the
parameters of the footwear "entry point” and innovative fixation systems. It is proven that the possibility of
maximum footwear opening, combined with intuitive fastening elements (magnetic fasteners, circular
zippers), is a critical factor in fostering a child's autonomy. Minimizing external assistance during the
donning process contributes to increased self-esteem and reduced anxiety levels in the child.

Scientific novelty. The key scientific achievement of the work is the development of an algorithm for creating
a user profile that integrates medical indications with individual sensory sensitivity. A direct correlation
was established between the tactile characteristics of the footwear's internal space and the cognitive load
on the child's nervous system: the use of seamless technologies and breathable materials prevents sensory
overload and promotes prolonged physical activity.

Practical significance. The results obtained form the basis of science-based recommendations for designers
and engineers of specialized footwear. The proposed approach allows for the creation of products that
integrate medical functions into modern design aesthetics, promoting social inclusion. The article's
conclusions can be implemented in the production of new lines of children's adaptive footwear and utilized
in the clinical practice of rehabilitation specialists and prosthetists.

Keywords: children's adaptive footwear; ergonomic indicators; psycho-emotional state; donning
autonomy; user profiling; gait biomechanics; inclusive design; sensory sensitivity; a priori verification;
assistive products.

Beryn. IIpo6nema coriansHOT iHTErparii Ta
¢izuyHOl peabimitamii AiTed 3 MOPYLICHHIMHU
OIIOPHO-PYXOBOTO arapaTy Ta MCUX0eMOITIHHOT
(abo ceHcopHO1) chepr BUMArae MomryKy HOBUX
MIIXOMIB IO TMPOEKTYBAaHHS  CIEIIaJIbHUX
3ac00iB (aCHUCTUBHHX BUPOOIB), CIIPSIMOBAaHUX
Ha MATPUMKY, KOMITIEHCAI[it0 a00 BiIHOBJICHHS
nopyuieHux (yHKLIA JUTHHH, 110 3a0e3nedye
MABMINEHHSA 1i caMOCTiMHOCTI, Oe3leKkn Ta
SIKOCT1 XKHUTTSL.

O3znaueHa nmpoOiemMa TPUBAIMKA Yac BUPIIIY-
Bajacs uepe3 TPaauLiiHUN TiAXi]T 10 CTBOPEH-
HA JUTSY0TO amantuBHoro B3yTTa (JAB),

30CepeHKYIOUNCh BUKITIOYHO Ha O10MeXaHIuHIN
KOPEKIil CTOMH, YaCTO IrHOPYIOUU €proHOMIKY
B3aeMOIIl Ta MICUXOEMOLIWHWI CTaH IUTUHU.
Ocob6muBO 1711 AiTEH 13 MOPYIIEHHSIMH OIOPHO
— pyXoBOro amapary (HampuKIaa, IUTSYdi
uepebpansuuii mapaniu (JIT)) abo meHTanb-
HUMH po3yiafiaMy (HampuKaa, po3iaa ayTuc-
tuuHoro crnektpy (PAC)) B3yrTs € He mpocTo
MPEeIMETOM rapaepoda, a KpUTUIHO BaKIHBHM
IHCTpYMEHTOM B33a€MO/Ii1 13 30BHILIHIM CBITOM.
Hecnipuatnusi  eproHoMiyHi TIOKa3HUKA —
CKIaQHICTh ~ MaHIMyIsALId 13  cucTeMaMu
¢bikcarii, HagMipHa Maca BUpOOyY Ta HasBHICTh
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rpyOMX BHYTPIIIHIX IIBIB — MTPHU3BOIATH 0
BUHUKHEHHSI XPOHIYHOTO CTpecy, (pycrpamii
Ta BIAUyTTs 6€3MOpaTHOCTI.

[TinTBEepIKEHHSIM ILOTO € HHU3Ka HEHUpo-
MICUXOJIOTIYHUX Ta EProHOMIYHUX 3aKOHO-

MipHOCTEH. 30KpeMa, 3riTHO 3 TEeOopi€ro
camonerepMiHarii [1] 6mokyBanHsa moTpeOu B
aBTOHOMIi 4Yepe3 CKJIaIHICTh KOHCTPYKLIi

B3yTTs () OPMYE B TUTHUHU CTINKY «BUEHY O€3110-
paHICTh» Ta 3HMXKYE MOTHBALIIO J0 caM0o00-
ciyroByBaHHs. Kpim Toro, myis ocib 13 ceHcop-
HOIO TINEPUYyTIMBICTIO TaKTHJIbHE MOJpPa3HEH-
HA Bl BHYTPINIHIX IIBIB CIHPUHAMAETHCA
HEPBOBOIO CHUCTEMOIO SIK TIOCTIHHUN OOJTHOBHIA
CHTHAQJI, IO AaKTUBYE CTPECOBY PpEAKIIio
MUTIAJIENOqIOHOTO Tila Ta MTPHU3BOAUTH [0
KOTHITUBHOTO NepeBaHTAKEHHS [2, 14].
bioMexaHiuHi JOCTIKEHHS MMiITBEPIKYIOTh,
10 HaJMIpHA Bara IUCTATbHUX BIJIUTIB B3YTTS

3HAYHO TIJABUIIYE METa0ONiYHI BHUTpATH,
BHUKJIMKAIOYH IBHUIKY (I3UYHY BTOMY, sIKa 3a
NPUHIAIIOM  TICUXOCOMaTHYHOTO  3B'SI3KY

TpaHC(HOPMYETHCSI B €MOIIIfHE BIATOPTHEHHS
pyxoBoi aktuBHOCTI [3, 4]. Takum uumHOM,
€proHOMiKa aJanTUBHOTO B3YTTS Ma€ pO3IJIs-
JIaTUCh HE JIMIIE SIK CYKYIHICTh TEXHIYHHX
rapameTpiB, a SIK IHCTPYMEHT TICUXO0EMOIIIHHOT
peabimiTarii Ta coriami3anii AUTHHU.

[luTaHHS eproHOMIKM Ta MPOEKTYBaHHS
ACHCTUBHUX BUPOOIB Ui AiT€H € IpeaMeToM
BUBYCHHS 0aratbox BITUHU3HSHUX Ta
3aKOpAOHHUX  y4yeHHX.  DyHJaMeHTalIbHI
OCHOBHM OIOMEXaHIKM XOJIH, 30KpeMa BILJIUB
IIBUAKOCTI Ha PO3MOILT MiIOMIOBHOTO TUCKY Ta

KyTOBI PyXH 3aaHbOTO BIAAUTYy  CTOIIH,
BUCBITIECHI y mpamsx D.Rosenbaum [5].
Merozmosoriyaa Oaza TUTS BUBUYEHHS

KIHEMAaTUYHUX JeBiallii HUKHIX KIHI[IBOK TIPH
MaTOJIOTIsIX OMOPHO — PYXOBOTO amapary
3aKkiajgeHa y pooborax [6, 7], mo mo3BOIISIE
rHOIIIe 3p03yMITH MEXaHIKy B3a€MO/Iii CTOITH 3
OTIOPHOIO TTOBEPXHEIO.

Teopernune mArpyHTS Ui BpaxyBaHHS
MICUXOEeMOIIiiiHOTO  (akTopa y  JAW3aiHi
MPEJCTaBICHO y KiIacu4yHuxX mpamsx P.Jordan

[8] Ta D.Norman [2], a KOHIEMNIisA
IHKJTIO3UBHOCTI AaCHCTUBHUX BHpOOIB — Y
JIOCIIIHKEHHAX G. Pullin [9]. ABTOp

apryMeHTye HEOOXIJHICTh BIAXOJYy BiI CYTO
«MEIMYHOTO BHWIJISITY» BHpPOOIB Ha KOPHUCTH

€CTETUYHOT €pPrOHOMIKH, 110
colianbHil iHTErpalii KopucTyBaya.
CydacHa CBITOBa MpakTHKa JIEMOHCTPYE
mepexii BiA MacoBOro BHPOOHHUITBA 10
KOHIICTIIIT aJanTHUBHOTO AW3aiHy, I SKAM
pPO3YMIIOTh  IPOEKTYBaHHS  BHUPOOIB, IO
BPaxoBYIOTh  IHAWBIAyaJdbHI  1HKJIIO3UBHI
norpedu Ta cneuupiyHy aHaToOMiIo
KopucTyBava. Takuil MiAXia cTae BiIMOBIITIO
Ha CKJIaJHI Oi0MeXaHiuHI BUMOTH, SIKi paHilie
ITHOpYBaJIMCS ~ MacoOBUM  BHUPOOHHUIITBOM.
3okpema, y cucremHomy orisai M.W. Kindig
M1JKPECIIEHO, IO JJsl MPaBUIBHOTO PO3BUTKY
OUTSY01 CTONU TapaMeTpu B3YTTS IOBHUHHI
TUHAMIYHO BiAMoBimaTH 3MiHam xoxu [3].
BaxnuBuii BHECOK y pO3yMiHHS €prOHOMIKH
npupoHoro pyxy 3poounu A.l. Cuesta-Vargas
ta xoseru [4, 19], oOrpyHTyBaBIIM INEepeBaru
«mbanmmBoro»  (respectful)  B3yrTsS, 1MI0
MOKpAIy€e MpOIpioneniilo (MMHO0Ky YyTiIu-
BICTh) 3@ paxyHOK iMiTallii Xoap01 OOCOHIXK.

B  VkpaiHi po3BHUTOK IIbOTO HaNpsMY
MOB’sI3aHUN 13 BIPOBADKEHHSAM IH(PPOBHUX
texHonorid. Y pobGorax JI. II. Yeprenko Ta
O. B. KanrtopoBoi PO3TISHYTO METOIH
nepcoHaizanii (opMu KOIO0JKu Ha OCHOBI 3D-
manux [10-12, 20]. Po3poOky wmeroxiB
3abe3neueHHsT  (PyHKI[IOHAIBHO-EPrOHOMIYHOT
BIAMOBIMHOCTI  B3yTTS [ JIIOAEH 3
IHBAJIIHICTIO Ta OOTPYHTYBaHHS MiTXOMIB IO
BHOOpPY  pamiOHAIBHUX  KOHCTPYKIIH 1
MarepialiB, SKi MiHIMI3ylOTh TUCK Ha CTOILY,
mo Oe3mocepeHb0 KOPENIoE 13 3aBIaHHAM
3HIDKEHHSI CEHCOPHOTO HAaBaHTAXKEHHS Ha
crony, npeacrasicHo y [13, 14]. Ii pe3ynsTatu
Y3rOJUKYIOThCS 3 BUCHOBKAMHU aMEPUKAHCHKOL
mocmimaumi A, Allen  Ta  komer momo
BUKOPUCTaHHS 1HJMBIAyalli30BaHUX CTPYKTYD
1t crabimizanii cromu [15].

[IpoTe, He3BaxarOuM Ha 3HAYHUM TOPOOOK
JOCIITHUKIB, TUTAaHHS CHCTEMHOTO 3B’SI3KYy
MiX KOHKPETHUMH €proHOMIYHUMH
napaMeTpamMu caMe JUTAYOro aJanTHUBHOIO
B3yTTsd (JIAB) (Takumu $K KOHCTPYKTHBHA
aJlanTHBHICTh BY3JiB B3yBaHHI a0o0 THII
(ikcartii B3YTTSA Ha CTOTI) Ta
MICUXOEMOIIIMHAMH ~ TOKa3HUKAaMU  JUTHHH
(piBeHb ~ aBTOHOMIi, CEHCOPHHMH  CITOKii)
3aIIUIIAE€TECS ~ HEJOCTaTHRO  BUBYCHHM 1
noTpedye KOMIUIEKCHOTO YTOUHEHHS.

cripusie
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IlocranoBka 3aBaaHHsa. DopMmyBaHH:A
HayKoOBO 0OrpyHTOBaHuMX mapamerpiB JIAB
BHUMarae neperysny HPIOPUTETHOCTI
TPAOUIIAHUX  TIAXOMiB. SIKIO  KJIacH4HI
METOAMKH 0a3yloThCs Ha IEpIIOYEproBOCTI
O0loMEeXaHIYHOI KOPEKIli CTONH, TO CydacHa
nmapagurMa acHCTUBHOTO [M3aiiHy BUMAarae
PO3MIUpPEHHS CHCTEMHU €prOHOMIYHHUX
MOKa3HUKIB. Y Mid CcUCTeMi TEeXHIYHi
nmapamMeTpu KOHCTPYKIli (cuctemu (ikcarrii,
BJIACTUBOCTI MaTepialiiB, T€OMETPis ITiIOIIBN)
MarTh OYTH JACTEPMIHOBAHI HE JIMIIIE aHATOMO-
(GyHKLIIOHATPHUMH ~ OCOONMBOCTSMM, a W
IUJTBOBUMH 1HIWKATOPAMHU TICUXOEMOIIMHOTO
Onaromnoxyqysi TMTHHU.

CyvacHuii eTam pPO3BUTKY €pPrOHOMIKH
XapaKTepU3yeThCS 3MIHOIO aKIEHTIB: BiJl CYTO
MEIUYHOI KOPEKIli /10 CTBOPEHHS aHTPOIO-
[EHTPUYHOTO BUPOOyY, 10 3abe3meuye KOMII-
JIEKCHY SIKICTh KUTTA. OCOOIMBOT TOCTPOTH 1I€
NUTaHHS HAaOyBa€ y CErMEHTI TUTSIYOr0 B3YyTTS,
ne (dhiznyHa peabimitaiis Mae OyTH CHHEPTIMHO
[MOEAHAHA 13 IICUXOJIOTIYHOIO aJamTaIicio Ta
MIITPUMKOIO COIIaJIbHOT aKTUBHOCTI.

MeTolo  JOCHIIKEHHA €  TEOpeTHYHe
OOTpyHTYBaHHS Ta pPO3poOKa KOMILJIEKCHOI
METOIUKH dhopmyBaHHS €pPrOHOMIYHHUX
MOKA3HUKIB a/IalITUBHOTO B3YTTSI, IO JTO3BOJISIE
IHTETpyBaTH MEIUKO-010JIOTIYHI BHMOTH 13
MCUXOEMOIIMHUMH ~ TMOTpedaMu  JTUTUHU B
€IVHY IUTICHY cuctemy. Jlms mocsrHeHHS
MOCTaBJIEHOI MeTH HeoOXiHO po3B’s3aTH
HACTYIHI 3a/1a4i:

1. BukoHatu iepapXiyHy JI€KOMIIO3HILIIIO
Bumor g0 JIAB, BuOkpemuBIIM 0a30Bi
¢i3i0M0OTiyHl  MOKa3HUKUM Ta BU3HAYAJIbHI
TICUXOEMOIIIHI TapaMeTpH.

2. Po3poOuTH CTPYKTYpHO-JIOTIYHY MOJIENb
dhopMyBaHHS KOHCTPYKTHBHUX pIIIEHB, sKa
3abe3neuye TpaHChOpPMAII0 EPrOHOMIYHUX
BHAMOT y KOHKpPETHI napameTpu
(GyHKILIOHAIBHUX BY3I1iB BUPOOY.

3. 3anmporoHyBaTu IHCTpyMEHTapiit
anpiopHoi Bepudikaii y BUTJISATI
MIPOTHOCTUYHOL MaTpuIli IUTA OLIIHKU
MPOEKTHUX PIIIEHb Ha MEPEANPOEKTHIN CTaii.

4, OOTpyHTYBaTH  B3a€EMO3B’SI30K  MIXK
TEeXHIYHUMH XapaKTepUCTUKaMU BHUpPOOy Ta
MMPOTHO30BAHUM TICUXOEMOIIIHHUM BiATYKOM
KOpHCTyBaya, 3a0e3meuyrodn nepexia 10 KOH-
LETIIIT B3YTTS SIK «CEPEIOBHINA peadimTariin.

BukoHnaHHs moCTaBIICHUX 3ada4 OO03BOJIUTH

CTBOPUTH HAYKOBO-METOAMYHY Oazy s
CTBOPEHHSI  QJAalTUBHOTO B3YTTS  HOBOTO
MOKOJIIHHS, JI€ €ProHOMIKa CTa€ KIIOUYOBUM
¢dakTopoM  IHKIIO31i Ta  ICHXOJOTIYHOTO
0J1aromoJTyqusi.

PesyabTaTn JOCTIIKeHHS Ta ix
oorosopenHsi. Epronomiuni nmokasuuku (EIT)
OUTSYOTO  aNanTUBHOTO  B3yITI — L€
KOMIUIEKCHA CHCTE€Ma BJIACTUBOCTEH, IO

BH3HAYaIOTh PiBEHb aJallTUBHOCTI KOHCTPYKIIi{
0  aHaTOMO-(i310JIOTIYHUX  OCOOJIMBOCTEH
IUTHHU 3 METOI0 3a0e3neueHHs Oe3MeKH,
¢i3uyHOro KOMGOpTY Ta TCUXOEMOIIIMHOI
crabinpHOCTI. DOpMyBaHHS 1€l CHUCTEMH
0a3yeThCsl Ha 1HTErpalii MeIUIHUX MPHUITUCIB,
6ioMeXaHIYHUX apaMeTpiB XOJIU Ta Cy4acHOTO
Marepiano3HaBctBa [13,18]. Ha  ocHoBi
MPOBEICHOr0 aHajizy Oyno kiacudikoBaHO
€pProHOMIYHI  TIOKa3HUKH 32  YOTHpMa
KIIOUOBUMH  TpyMaMu:  aHTPOIOMETPUYHI,
OloMexaHiuHi, TIri€HIYHI Ta ICUX0(1310JI0T14YHI.

Aumponomempuuni nokasHuky (CTaTHYHA

€proHOMIKa). AHTpOTIOMETPHYHA
BIIOBIAHICTH € MEPBUHHOIO JIAHKOIO
MIPOCKTYBaHH, OCKIJTbKH 3abe3neuye

KOTEPEHTHICTh BHYTPIMIHBOI (HOPMHU  B3YTTS
(KOJIOJKM) MPOCTOPOBi KOH(DIrypamii AUTA4YOT
cronmu. BpaxoByroun cnenudiky o06'ekta
JOCHIKeHHsT (HAsBHICTb XPSIIOBOi TKAHWHH,
HE3aBEPIICHICTh OKOCTEHIHHS Ta JUHAMIKY
pOCTy), BCTAHOBJICHO, IO TPaIUIIHHOTO
MiJIX0/y, OPIEHTOBAHOTO HAa JOBXKHHY CTOIIH,
HEJOCTaTHBO ISl ACHCTUBHUX BUPOOIB.

st popmyBaHHs 0a3u mapaMmeTpiB OyIio
BUJUIGHO Taki KPUTHYHI aHTPONOMETPUYHI
IHIUKATOpH: OOXBAaT y MydYKax, IO BU3HAUYAE
HEOOX1THUIA BHYTPILIHIHT o0’eM  mms
3amo0iraHHs  KOMIIpecii  M'SIKMX  TKaHUH;
IMpUHA Ta BUCOTA II'ATKOBOTO BNy —
KIIOYOBUH  mapameTp Ui 3a0e3TeUeHHS
MelioaTepanbHOl CTa0IBHOCTI, 110 KPUTUIHO
JUIsL  JiTed 3 BalbI'yCHUMH BiIXWUJICHHSIMU;
BHCOTAa TPSMOTO MiTHOMY — TOKa3HUK, IO
0e3rmocepeIHFO BIUIMBAE€ HAa KOHCTPYKTHUBHY
aJlaTUBHICTD B3yBaHHS (3pYYHICTh BKJIAJaHHS
croru y Bupi0). Sk 3a3HadeHo y mparsax [12, 13,
16], came pamioHaJbHE TOETHAHHS IIHX
mapamMeTpiB 13 BJIACTHUBOCTSIMH MarepiajiB
JI03BOJISIE MiHIMI3YBaTH JIOKAbHUN THCK Ha
CTONy, IO € MPEBCHTHBHUM 3aXOJIOM MPOTH
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BUHUKHEHHSI ~ CEHCOPHOTO  JUCKOM(pOpTY.
[Ipouec MEPETBOPEHHS 110504 MEIUKO-
AQHTPOIIOMETPUYHUX BHUMOT Yy  KOHKPETHI

napaMeTpy B3YTTEBOI KOJIOAKU peanxi3oBaHO
gyepe3 3alporoHOBaHY CTPYKTYPHO-JIOTIUHY
MOJIETIb, SIKA PO3TIISIAETHCS HIKYE.
Biomexaniuni NOKA3HUKU (mnHAMIYHA
eproHOMIKa)  XapakTepU3yIOTb  B3a€EMOJIIIO
B3YTTS 31 CTOIOI0 B JWHAMIII, PO3TJISAIAI0YN
BUpIO SIK JAHKy KIHEMAaTH4YHOTO JIAHLIOra
«CTOTa—B3yTTSA—OMOPa». [ OJIOBHOIO METOI €
ONITUMI3AIlisl PO3MOAUTY THUCKY Ta MiITPUMKa
(h1310JIOT1YHO MPABHIIBHOTO MMATEPHY X0A60H [ 3,
5, 21, 22]. OCHOBHUM 3aBJaHHAM € MiHIMI3aIlis
TOYKOBUX TI€PEBAaHTAKEHb, IO 3arodirae
00JIbOBUM BiAUYTTSAM Ta TPODIYHUM MOPYIICH-
HsM. Po3paxyHok THCKYy P Ha omopHy moBepx-
HIO MTPOBOJIUTHCS 32 KIIACHYHOIO 3AJICKHICTIO:

P=FI/S, 1)
ne F — cumm peakuii omopu, a S — moma
KOHTAKTY. AnanTtusHe B3YTTS Mae

3a0e3neuyBaTu MaKCUMaJbHE 3HAUYEHHS TUIOIII
S depes palioHaIbHY TEOMETPIO IMiIOIIBH IS
3HMKEHHS IIIKOBOT'O THCKY P.

BpaxoByroun nuHaMiuyHUNA XapakTep HaBaH-
Ta)KeHHS, KOHCTPYKIIiSl Mae repenoadaTu:

— ¢yHKIiOHANBbHMIA Tpumyck: 10-12 MM
(BpaxoBye TIOJTOBKEHHSI CTOITH ITiJ 4aC MEPEKO-
YyBaHHS Ta TWHAMIYHE 3pOCTaHHS CTOIH, SIKE Y
niTeit cranoBuTh 10-15 MM Ha pik);

— IeMIyBaHHS yAapHUX HaBaHTAKEHb:
Bukopuctanusa Marepianie (EVA, PU) 3
BHCOKMUM KOe(DII[IEHTOM TOTJIMHAHHS EHEepTii
IS 3aXUCTy cyriobis [15];

—THYYKICTh y 30HI IepeKary: IIionBa
MOBMHHA MaTH HU3BKUII OIIp 3rHHAHHIO Y 30HI
maecHopalaHrOBUX  CYyIJIOOiB  (JIiHISI, IO
IPOXOAUTh Ha BiJAcTaHi npubau3zHo 60%
JIOBKHHU CTOIH Bif m'sTH) [3];

— crabimizanis 3aHBOTO BIAJILTY: BHCOKHI
KOPCTKUH Oepenb (3aaHUK) (PYHKIIOHYE SIK
30BHIIIHIA ~ OOMeXyBay, IO  3amobirae
HaaMIpHIA 1HBepcii/eBepcii M'SITKOBOI KICTKH,
YTPUMYIOYH 11 B HEHTpalibHiN mo3utii [4, 12].

Licieniuni NOKA3HUKU. lrieniyni
BJIACTUBOCTI € OMHUM 13 KJIFOYOBHUX YWHHUKIB
edextuBHOCTI JIAB, OCKiIBbKH Oe3mocepeHbO
BIUIMBAIOTh HAa CTaH IIKIPHUX TTOKPHUBIB,
TEPMOPETYJIALI0 Ta GYHKIIIOHYBaHHS M’ S130BO-
3B’A3KOBOr0 amapary cromnd. B ymMmoBax

TPUBAJIOrO  HOCIHHS,  XapaKTepHOro  JUIs
aIaITUBHHUX MOJIETICH, MOPYIIEHHS
MIKpPOKJIIMATy B3yTTS MOXE€ MPHU3BOJIUTH 0
HEraTUBHHUX MEIUKO-010J0TIYHUX HACIIIKIB.

HenocrtatHst mOBITPONPOHUKHICTE 1 HU3bKA
FIrPOCKOIMIYHICTh ~ MaTepialiB  CIPHUSIOTH
HAaKOMMYEHHIO  BOJIOTM Ta  MiJABHUILEHHIO
JIOKaJbHOI ~ TEMIIEpaTypHd, 110  CTBOPIOE
CHOPHUSATIMBI YMOBM I Marlepamii MKipH,
PO3BUTKY JI€PMATOJIOTIYHUX Ta TPUOKOBHX
ypaKeHb. Y JiTel 3 TMOPYIICHHSMU OTMOPHO-
PYXOBOIO amapaTy Taki YCKJIaJHEHHS MOXYTh
BUKJIMKATH OOJIbOBI  BIAYYTTS, 3HMIKEHHS
TOJICPAHTHOCTI 7O  HABaHTaXCHHSI  Ta
0OMEKEHHSI pyXOBOi aKTHBHOCTI.

Croma MICTHTh BEIMKY KiJBKICTh IMOTOBUX
3a]103 1 € B@XJIUBUM €JEMEHTOM 3arajibHOi
TepMoperymanii  opranismy. Io BaxiMBO,
IUTSYa CTOMA Ma€ HEIOCKOHAy CHUCTEMY
TEepPMOperyJALii, TOMy NUTaHHS TeIJIOBiIBe-
JICHHSI € KpUTUYHUM. Bukopucranus marepia-
JiB 3 BUCOKUMH TiTiI€HIYHUMH TOKa3HHUKaAMHU
(MapoNpOHUKHICTh, TITPOCKOIIYHICTh, TiMO-
aJIepreHHICTh, aHTHOAKTepialbHI BIACTHBOCTI)
3abe3mnevye cTaOlIbHUN MIKPOKIIIMAT BHYTPIIII-
HBOrOo Tpoctopy B3yTTs. lle crpusie 306epe-
KEHHIO (D1310JI0TIYHOTO CTaHy MIKIPH CTOMH Ta
CTBOPIOE YMOBHM JUIsl aJEKBATHOI M’SI30BO1
po0OTH i1 9ac X0ap0M 1 0COOIUBO CTOCYETHCS
MaTepianiB i aetaneit migknanka JJAB.

Takum ymHOM, BHYTpimHI Marepianu [[AB
MOBUHHI MaTH BHUCOKY TirpOCKOMIYHICTb
(3maTHICTH BOMpaTu BOJIOTY) Ta
MApONPOHUKHICTH (3IATHICTh «AUXaTH»). Tomy
Iy’e Ba)XTMBO BUKOPUCTOBYBATH JJIs JleTasien
MIJKIaJAKA Ta BKJIATHOI YCTUIKH HATypadbHY
mkipy abo cydacHi MmemOpaHHi marepianu [13],
10 3a0e3MeuyloTh ONTUMAIbHUN MIKpOKIIiMaT
(Temmeparypy i BOJIOTICTh) BCEPEIUHI B3YTTH.

OxpemMuM BaXXIMBUM MapamMeTpoM € Maca
BHpOOY. 3aiiBa Bara B3yTTs CYTTEBO 301JIbIINY€
€HeProBUTPATH JUTHHH TIiJ1 9aC X0Ab0U. 3TiTHO
3 DOCHiKeHHAMH, KoxkHI nomaTtkosi 100 r Baru
B3YTTS TPOIOPIINHHO 30UIBIIYIOTh HaBaHTa-
KCHHS Ha M’SI30BY CUCTeMy Ta xpeOer. s
MiHIMiI3amii 3aranbHOi Barm JIAB mominmbpHO
BUKOpUCTOBYBaTH criHeHi mnoiimepu (EVA,
PU) nmns BurortoBineHHs migomos [15, 20].
Taxkum 4rHOM, Tiri€eHiYHI Ta Maco — rabapuTHi
MMOKA3HUKH CIIIJT PO3MISIAATU SIK (PYHKI[IOHATH-
HO 3HaYyIlli KOMIIOHEHTH, 110 Oe3MmocepeHbO
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BIUTUBAIOTh Ha (OpPMYyBaHHS MPaBUIHHOTO
PYXOBOTO  CTEPEOTHIy Ta  YCIHINIHICTh
peabimiTarii.

Tcuxoghizionoeiuni nokaswuxu (I1OIT) B
KOHTEKCTI aJalTUBHOTO B3YTITd YacTo €
BU3HAYAIBHUMU VIS YCIIXy peabimitaii. Bonn
BU3HAYaIOTh PiBEHb CYO €KTUBHOTO CIIPHUHHAT-
TSI, CEHCOPHOI IHTerpamii Ta MCUXOJOTIYHOTO
koMbopry [2, 8]. s miTedt i3 mopymeHHIMU
OMOPHO-PYXOBOTO  amapary, OOTSDKEHUMU
posnagamu aytuctuyHoro crektpy (PAC) abo
cuagpomMoM ceHcopuoi iHTerpamii  (CCI),
KPUTHUYHUM € (aKTOp TaKTHIBHOI TilmepyyT-
nuBocTi. HaliMeHmmii BUCTYN BHYTPIIIHHOTO
IBa YU CKJIQJIKa Marepiay CIpUAMAIOThCS SK
00JbOBHI  CHTHaJ, MO0 MPU3BOJIUTH 1O
HU3BKOTO KOMIUTIAE€HCY (BIJIMOBU BiJl HOCIHHSA
BHpoOy). Came TOMY MiHIMI3aIlisi CEHCOPHOTO
MOJpa3HEHHsT uepe3 Oe3IOBHI TEXHOJIOTii
MIIKJIAJKAH € HE JIMIIEe €ProHOMIYHOIO, a W
MICUXOKOPEKI[IHHOI0 BUMOTO0.

Oxkpim BHyTpimHBEOTO KOMdopty, I[IDII
BU3HAUYAIOTh PIBEHb COIIIANBHOI ajamTamii
4yepe3 Bi3yallbHI XapaKTEPUCTUKH BHUPOOY.
ITpuHIMN «HOPMaJi30BaHOTO IU3alHY»
(inclusive design) mnepembauyae BIaXin Bif
TPOMI3AKUX «MEIWYHUX» KOHCTPYKIIM Ha
KOPHUCTh €CTETUKU MOBCSIKIESHHOTO B3YTTA [9,
14]. lle cmnpuse 30epeKCHHIO TO3UTUBHOI
CaMOOIIIHKH Ta YCHINIHIN iHTerpalii JUTHHHA B
cepeoBHINEe OTHOMITKIB [8, 9].

Mertoponoris IIPOEKTYBaHHS JIAB
0a3yeThCs Ha CHCTEMHOMY mporieci
(dbopMyBaHHSI 1OTO €PrOHOMIYHUX MOKA3HUKIB,
SIKUW pealli3yeThes 4Yepe3 TP MOoCIiIoBHI da3u:
aHamiTU4YHy (TeHepamis BXIAHUX JaHUX),
CHUHTE3YI0Uy (KOHCTPYKTOPChKA IHTErparrisi) Ta
Bepu(ikamiiHy (KOHTPOJIb BiIMOBIIHOCTI).

Ananimuuna  ¢aza €  GyHIaAMEHTOM
MPOEKTYBaHHS, A€ 3IHCHIOEThCS TepeXia Bij

nepcoHidi-
Epronomiuna sKicTh

yCepeqHeHNX CTaHIapTiB 10
KOBaHUX IapaMeTpiB.

OUTSYOTO  AJANTHBHOTO B3YITA Y IbOMY
KOHTEKCTI BH3HAYAETHCS CTyIICHEM
BIIIOBIAHOCTI KOHCTPYKITii aHaTOMO-
(G yHKIIIOHATEBHUM Ta IICUXO0EMOLITHUM

ocobiuBocTsM gutunHu [16, 17]. Jxepemom
OTpUMaHHS OO0 €KTHBHUX JaHUX CIYTYIOTh
CyYacHi IHCTpyMEHTaJIbHI METO/IN:

— 3D-cranysanns cmonu ma eominku 103BO-
Jsi€ OTPUMATH TOYHI METPHYHI JaHi (Bucora
nigiomMy, (hopma CKIEIMiHHS, aCUMETpis), IO
3HAYHO NIEPEBUIIYE 1H(pOPMATUBHICTb
TpaauiiiiHoi miuantaporpadii [9, 11]. Ha miit
OCHOBI PO3paxOBYIOThCS Koeghiyienmu
aoanmayii (KA), Hanipukiia, 3a TOBHOTOIO:

K/lnommma = L(ﬁakm/ I—cmam), (2)

ne Lgaxm — daxkTuyHMil 00XBaT y mydkax
CTONU 3 maroiyiorieto abo opre3oM, Lemano —

HOpPMATHBHE 3HAYEHHsI [JI  BIJIIIOBIIHOTO
po3mipy.
— OunamiuHa  nedobapoepagis  aHaI3ye

TPAEKTOPII0 HEHTPY THUCKY, IO JIO3BOJISE
BHSIBUTH MeJialibHI a00 jaTepaiabHi 3MIMIEHHS
IpU TMEPEeKOUYyBaHHI CTOINH, XapaKTEpHI I
JUIT [3, 5].

— aHani3 NiKOBUX YOAPHUX HABAHMAIICEHD.
[Ipy  BUKOpUCTaHHI  BKa3aHOTO  METOXY
BUMIPIOBaHHS MAaKCHUMAaJbHOI CHJIM PeaKIii
oropu (Fmax) y ¢a3i KOHTaKTy I'ITH 3 OOPHOIO
noBepxHero. Lle BU3HAYae BUMOTH 10 MOZIYJIS
npyXHocti Matepiany migomBu (E) s
3abe3neyeHHsT neMrdyBaHHsS Ta cradimi3arii
TOM1JIKOBOCTOITHOT'O CYyTJ100a (JOMyCTUMHM KyT
inBepcii/esepcii (<5°) [15].

Oxpim O6ioMexaHIYHUX napamerTpis,
aHaiTHYHA (ha3a BKIIIOYAE OLIHKY HE(DI3UIHUX
(mcux0¢i31010TTYHUX ) BHUMOT, K1
CHUCTEMAaTH30BaHoO y Tabuii 1.

Tabauys 1

CucreMa HJIbOBHX €PrOHOMIYHHMX MOKA3HUKIB TUTAYOr0 aJaTUBHOIO B3YTTS

KpuTtepiii iab anamizy

Kinbkicumii nokasuuk (EIT)

CeHcopHa
eproHoMika

MiHiMi3aris moapa3HUKiB

EIl takTriapHOTO KOMGOPTY: TOJEPAHTHICTH IO MIBIB 1 TEKCTYpPH
MaTepianiB. BuMora: HynboBa KUTBKICTh IIBIB Y 30HI KOHTaKTy 3
YYTIUBUMH JIISTHKAMHU.

Jlerkicth
OJIATaHHs/3HIMaHHS

TIcuxomoTopHue
HaNpyKeHHS

EIl 3pyunocTi MaHIymAIii: 9ac onsranss (Hanpukian, <10 cekyHz 3
opre3oM); 3ycuiurst uist 3actibanus (Fzact < 15 H).

Trieniynicte | IliaTpuMKa MiKpOKITIMATY

EIl maponpoHHUKHOCTI: Koe(illieHT MapONmpOHUKHOCTI MaTepiaiiB
Bepxy (> 5 mr/(cM? / Ton)).
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Cunresyroua  ¢aza  (KOHCTPYKTOPChKa
iHTerpanis) po3pooku JJAB posrisgaerscs sk
eTanm TpakTA4YHOI TpaHcdopMmalii BXITHHX
AQHAIITUYHUX JTaHUX Y €IUHY KOHCTPYKTHBHO-
TEXHOJIOTIYHY cXeMmy BupoOy. [oroBHHUM
3aBJIaHHSM I[LOTO €TaNy € JOCATHEHHS CHHEPTii
MDK TEpamneBTUYHOI (YHKIIIEID, €proHOMIid-
HOIO 0€3MEeKOI0 Ta CIIO’KUBYOIO PUBAOIUBICTIO
moaem [16, 17]. Ilpaktumuna peami3aiis
cuHTe3yrouoi ¢asu y mnpoekryBanHi JIAB
31HACHIOETHCSI [UIIXOM [IOCJI1JOBHOTO
MPOXO/UKCHHS]  TPhOX  KIFOUOBHX  €TalliB:
MEXaHI3My  KOHCTPYKTOPCBHKOI  iHTerparii,
€CTETUKO- () YHKI[IOHATLHOT KOHBEPTeHIIii,
QITOPUTMY CUHTE3Y IMOKa3HUKIB Y KOHCTPYKITii.

Mexanizm KOHCMpPYKmMOpCovKoi  inmezpayii

0a3yeThCsl HA METOJ1 JEKOMITO3HIIIT 3arajibHOI
METH Ha OKpeMi (QpyHKIioHaNbHI By31H. Koxen
BY30J1 BIJINOBIJIa€ 3a peai3allilo KOHKPETHOTO
€pProHOMIYHOTO MTOKa3HHUKA. 30KpeMa, CTATHKO-
JUHAMIYHA IHTETpallisl peami3yeTbCs uepe3
OIITUMI3AIIiI0 MapaMeTpiB BHYTPIIHBOI (GOpMH
B3yITS 3 ypaxyBaHHSM I1HIUBITyaJIbHHX
koedimientiB amanraiii (KA). CunTe3yrounm
EIEMEHTOM Y I[bOMY KOHTEKCTI BHUCTYIIa€
paiioHallbHa TEOMETpisl epeKary MiJ0IBU Ta
nudepeHIliioBaHa KOPCTKICTh  YCTIJIKOBOTO
BYy3JIa, 10 B CYKYITHOCTI 3a0e3Meuye KOPEKIito
KiHEMaTHKH XO! TUTHHU.

BaxnuBuM CKIIQIHUKOM € CEHCOPHO-TEXHO-
JIOTIYHUMA CHHTE3, CIPSIMOBAaHUN Ha MiHIMI3a-
1[I0 TAKTHJILHUX TIOJIpa3HUKIB. BripoBakeHHS
OE3IIOBHUX TEXHOJIOIIM 3’€IHAHHS JeTaIEH
MiJKIAJAKH Ta BUKOPUCTAHHS M’ SKUX KaHTIB
3aJI0OBOJIbHSIE BUMOTY «CEHCOPHOTO CITOKOIOY,
[0 € KPUTHYHUM JIJIs TIAIIEHTIB 13 po3NagaMu
ceHcopHoi iHTerparii [8]. [TapanensHo peanizy-
€THCSI BY3JIOBUU CHHTE3 aJalTUBHUX EJIEMEH-
TiB, Ji¢ KJIIFOYOBUM aCIIEKTOM € BIIPOBAKECHHS
cucreM (¢ikcarlii, 110 3a0e31euyi0Th aBTOHOMIIO
quTuHUA. KOHCTPYKTOPCHKI pIllleHHS BKIJIFOYa-
I0Th MEXaHI13MH PO3IIMPEHOTO JOCTYIY, TaKi K
TEXHOJIOTiSI 3aJHBOTO PO3KPUTTS I SITKOBOT
JacTUHU («step—in») Ta amanTUBHI CHCTEMH
3akpuTTa (MarHiTHI (ikcaropu abo TUCKOBI
cuctemu BOA), sKki CKOpOYYyIOTH dYac
Manimynsauii go < 10 c.

Ecmemuxko-ghynkyionanvha koneepeenyis Ha
mid  (aszi 3abe3nedye Bi3yalbHY KOPEKIIiIO
MEIUYHOI CIPSMOBAHOCTI BHPOOY. 3aBIsSKH
npuiioMaM HIBEJIOBAaHHS MAaCHBHOCTI uepes3

JNHIMHUA PpUTM JeTajell BepXy Ta KOJbOPOBE
pPO3WICHYBAHHS CHIYETY, JOCATAEThCA e(eKT
comianbHOT 1HKITI0311. B3yTTs cipuiimaeThest K
CY4acCHHUH €JIeMEHT JUTSIY0i MOJH, IO MOBHIC-
TIO BIJIMIOBIJIa€ KOHIICTII «HOPMai30BaHOTO
nuzainy» [9, 23, 24].

3aBepuIalIbHUM €TarioM CUHTE3Y € noC1i0086-
Ha imepayis NOKA3HUKiE, siKka BKIIOYAE:

— MaTepiaibHe BTUICHHS (m00ip Takery
MaTtepialiB, HaMpUKIad, HaTypalbHOI HIKIpH Y
nmoenHanHi 3 3D-citkamu g 3a0e3redyeHHs
MapONPOHUKHOCTI);

— KOMITO3UIIIMHUN  cuHTE3 ((hopmMyBaHHS
BUTJISIY HABKOJIO YKOPCTKUX OPTONEAMYHUX
BY3JIiB);

— eproHoMiuHy  Bepudikamito  (OIiHKa
BIJIMOBITHOCTI MOJIENI IIThOBUM TMapaMeTpam
3pYYHOCTI Ta ICUXOEMOIIIHOTO KOM(OPTY).

3a pesynbTaTaMu IPOBEACHUX TOCIIIKEHb
pPO3pOOJIEHO  CTPYKTYPHO-JIOTIYHY  MOJENb
dbopMyBaHHS TICUXOEMOIIMHUX ITOKA3HUKIB
aJIalITUBHOTO JUTA4Y0ro B3yTTs (puc. 1), ska
B1100pa’kae IiJIbOB1 OPIEHTUPH €PrOHOMIYHOTO
NPOEKTYBAHHS Ta IHTErpye (QYyHKLIOHAIbHI,
€CTETUYHI i COL[IaIbHO-TICUXO0JIOTTYH] aCIIEKTH.
[IpencraBiena Monaenb JEMOHCTPYE, IO
nporec ¢GOpMyBaHHS KOHCTPYKIl aJanTHB-
HOTO B3YTTS CHOPSIMOBAHWN HE JUIIE Ha
3abe3nedeHHsT (Pi31070TIYHOT MIATPUMKHA Ta
Kopekuii (yHKUiA cTomM, a i HAa CTBOPEHHSA
YMOB Il TIOBHOIIIHHOI COIIAJIbHOI ajanTarii
IUTUHU Ta peajizamii i iHIUBigyalbHOCTI. Y
MeXKax MOJeEN KIIFOYOBUMH IICUXO0EMOIIIHHUMU
MMOKa3HUKaAMH BU3HAYEHO MO>KJTUBICTh
CaMOCTIHHOTO BUOOPY TUTHHOIO MOJIEII B3YTTS
Ta HasBHICTH MEPCOHATI30BAHUX JU3aWHEPCH-
KHX eJIeMEHTIB (KOJIIpHI pillleHHs, TEeKOPaTUBHI
aKIICHTH, 3MIHHI KOMIIOHGHTH). 3a3HaycHi
YUHHUKU ~ Oe3MmocepeiHbO  BIUIMBAIOTH  Ha
(dhopMyBaHHS BIIEBHEHOCT] IUTUHU y BIACHOMY
30BHIITHBOMY BUTJISIA1, TO3UTUBHY CAMOOITIHKY
Ta CHPUSIOTH TOOPO3UWINBOMY CIPUUHSTTIO 3
OOKy  OJHOJITKIB, 10 €  BaXJIUBOIO
epeayMOBOIO YCHIITHOT THKJTFO311 B
OCBITHBOMY 1 iIrpOBOMY CEpEIOBHUIIIAX.

Knacudikarist ¢i31010T19HUX Ta €PrOHOMIY-
HUX BUMOT J0 KOHCTPYKIIii TUTSYOTO aanTHB-
HOTO B3YTTS JIO3BOJISIE CUCTEMAaTHU3yBaTH 0a30B1
napameTpH, o CAYTyITh OCHOBOIO JIJIsl TPOSK-
TyBaHHSI BUPOOiB KOPEKIIITHOTO MpU3HAYCHHS.
Ha BiaMiHy Biag TpaguiidHOrO MiAXOAy, MU

42 | Inoycmpin moou. Fashion Industry. 2026. Ne 1



ISSN: 2706-588X; e ISSN: 2706-5898

pPO3TIATAEMO BHMOTH JO B3YTTS SK MPsAMY
BIAMOBiIMp Ha crnenudiuni aHaromo-dizioso-
TYHI 0COOJIMBOCTI TUTSAYOT CTOIH (Ta0II. 2).

VY pe3ynbTaTi cUCTeMaTH3aIli BCTAHOBJICHO,
110 KJIFOYOBUMH (PaKTOpaMu e(h)eKTUBHOCTI € He

MpocTa KoHCTPYKLIA 4N
CamocTiliHOro BIYBaAHHA

BIAHYTTA KOHTPONIO Haj,
TINOM | CEPEAOBULLEM

fAckpasl KONBOPW Ta
NPUHTA

CamocTIHHWE BUEIp
Mogen

BupameHnnn
IHAMBIAYANBHOCTI

MepcoHanizoeaHi
eneMeHTy (HaWwmnesry,
LHYPIBKA, HanImKkm)

ECTETUHHW CMaK Ta
BNEBHEHICTL Y BNacHoOMYy ————

BMrAagl Sy

PYyCI nig vac
rpYnoBurx irop

Mo3UTUEHI
peakuil 3 Goky
OAHONITKIB

S Masvwensn WD ; ‘
BrieBHEHOCT!

VB
ABANTABHOTO
B3YTTA ANA AITEA

oume  OloMexaHiyHa — MmiATpUMKa, a #
aJanTUBHICTP 00'eMy Ta amopTu3alliiiHa
Oe3meka, MO B CYKYIHOCTI 3a0e3MedyroTh
BHCOKY TOJICPAHTHICTh AWTHHU JIO TIPOIECY
peabimiTarii.

Dopma, AKA ADIBONAE Nerke
PO3PI3HEHHSA NIBOT | NpaBoil
‘ HOru
|
. noxeana z Goky
BaTbKIB | BUXOBATENIB

M'siKk1 marepiania
BHYTPRILWHEO!
nigknankm

HaaeHicTh
aHaTomMiuHoT
YCTIAKW

- Hapgifida pikcayis

BiacyTHICTE TBEpAMX
ab0 KoAnYuX
enemeHTIB

ECTETWMUHO HEATpansHe
odopMNEHHRA
(He aKueHTyE yBary Ha

y;f:ﬁgr{:::';“ KOPEKLWIAHIA 41 TEpaNeBTUYHIA
Boky Aopocanx PRSI

Puc. 1. CTpyKTYpHO-JI0TiYHA MO/1e/Ib (P)OPMYBAHHSA NMCUX0EMOIIITHIX MOKA3HUKIB
aJaNTHBHOIO JUTSY0I0 B3yTTH

Tabnuys 2

Marpuus BianoBigHocTi Gi3io10riyHNX 0CcO0IMBOCTEH CTONM TA €PrOHOMIYHUX
BHMOT /10 KOHCTPYKIl TUTSY0r0 aT1anTUBHOTO B3YTTs

®dizioioriuHe 00IPYHTYBaHHSA
(0c00JIMBOCTI cTOMHM)

Epronomiuna BumMora a0
KOHCTPYKIii

TexHiuHe pimeHHs (peaxizauis)

HezaBepiieHe OKOCTEHIHHS Ta

AKTHBHUH picT PO3BUTKY

3abe3nedeHHs BUIBHOTO MPOCTOPY IS

Oyukuionansuuit npunyck (10-12 mm),
IIMPOKA HOCKOBA YaCTHHA.

I'nyukicTts 3B’s3k0Boro anapary | Crabinizamis Ta

npodigakTuka

Bucokwuii xxopcTkuii 6epenp (3aHUK) Tt

nedopmanin HEHTPaIbHOI NO3HIIT I'SITH.
Cneundika tepMmoperyisinii | [Tintpumka ririenignoro mikpokiimaty | Harypansna mkipa abo  memOpaHu
(BHCOKE TIOTOBHIIJICHHS) (= 5Smr/cm? \c'ron).
UyTnuBicTh 10 JAWHAMIYHUX | AMOpTH3allisi Ta 3HW)KEHHs peakii |[limomBa 31  CHIHEHHWX  MOJIMEpIB
HaBaHTAXEHb OnopHu (EVA/PU) 3 nemnyrounmMu 30HAMH.
HeoOxinnicte  BuKOpucTaHHA | PerymoBanHs BHyTpiliHbOro 00’eMy | AnantuBHi cuctemu Qikcanii (Velcro,
opTe3iB BOA, maruiTHi 3acTiOKH).

CykymHICTh 3a3Haue€HUX BUMOT (opmye
HayKOBO-METOTUIHHMA dbyHIaMeHT JUIST
MPOEKTYBAaHHS JAUTSYOTO aJaNTHBHOTO B3YTTS
HOBOT'O TIOKOJIIHHS, JIe¢ KOXXHE KOHCTPYKTHBHE
pIIICHHSI € NEeTEPMIHOBAaHUM SIK MEIUYHUMHU
MMOKa3HUKAMH, TaK 1 TOTpedaMu ITUTHHU B
KOM(OPTI Ta COIiaJIbHIi aKTUBHOCTI.

CuHTE3 TICUXO0EeMOIIHHNX Ta (Pi310J0TIYHUX
0COOJIMBOCTEH y KOHCTPYKTUBHUX MapaMeTpax
JUTSIYOTO aJallTUBHOTO B3YTTS 0a3yeThCcs Ha

npuHIUMi, mo ¢iznyauil kompopT € dyHaa-
MEHTOM JIJISl TICUXOJIOTIYHOr0 O1aromnoiayyvus, a
€CTeTUYHA MPUBAOIMUBICTh KOHCTPYKIIii Oe3mo-
CEepEeIHhO BIJIMBAE HA COLIATI3AIlI0 TUTHHU
[9, 23, 24]. Tleperuerenns chep npu dopmy-
BaHHI €PrOHOMIYHHMX MTOKA3HUKIB HACTYITHA:

1. Disuuna aemomnomia ma enesneHnicmv y
cobi. dizionoriuna morpeda ITUTUHH Y 3pyd-
HOCTI MaHIMyJSLiH peanizyeTbest uepe3 po3Iu-
peHe PO3KPUTTs OEPIIiB Ta alalTUBHI 3aCTIOKH.
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— @izionociunuti egpexm. 3HWKCHHS HaBaH-
Ta)XEHHS Ha JpiOHY MOTOPHKY;

— ncuxoemoyiunui  pesyromam. Ilepexin
TUTHHH BiJl 00’ €KTa CTOPOHHBOI TIOTIOMOTH JI0
aKTHBHOTO Cy0’€KTa IisIbHOCTI [8].

2. Cmabinizayis cmonu ma 8i0oyymms
besnexu. BUKOpUCTaHHS YKOPCTKHUX 33 JHUKIB Ta
«aHATOMIYHOT MiIOIMIBHY 3a0e3Meuye CTIHKICTh
I 9ac pyxy.

— izionociynuil
KIHEMATHKH XOJIM;

— ncuxoemoyiunull  pe3yibmam. 3HUKEHHS
pIBHS TPHUBOXKHOCTI TIiJT Yac TPYMOBHX Irop
3aBISKU «HAMIMHIN (ikcarii», MO MOJerurye
COLllaIbHUIT KOHTAKT.

3. licieniuni eracmueocmi AK 3aN00INCHUK
cmpecy. Tloka3HUKM BEHTHWJIAIII Ta TIrpoOCKo-
MIYHOCTI MaTepialliB MiIKIAAKH 3armo0iraioTh
CEHCOPHOMY MepEeBaHTAKEHHIO.

— @izionociynui egexm.
ONTUMAIBLHOTO MIKPOKJIIMATY.

— ncuxoemoyitinutl pe3yiomam. BilCyTHICTb
TaKTUJILHOTO MOJIpa3HEHHS BUKJII0YAa€ HETaTUB-
HI EMOIIiifHI CcTaHu, OCOOJIMBO Yy IiTeH 3
TT1IBUIIIEHOI0 CEHCOPHOIO YYTJIMBICTIO.

4. Jluzaiin ax incmpymenm inxmo3ii. 1loen-
HaHHS TepamneBTUYHOI (PYHKIIT 3 Bi3yaabHOIO
HOpMaJi3ali€eio («HOpMai30BaHUHN AU3ANHY).

— ncuxoemoyiunut  pezynomam. MOXKIHU-
BICTh CaMOBHpPaXEHHsS 4epe3 KOJIp Ta CTUJIb
3a0e3mevye MO3UTUBHI PEaKIlii OTHOMITKIB, IO
€ BEePILUHOIO COMIaIbHOI amanTanii [9, 23, 24].

Bepugixayivina ¢paza y nporieci po3poOku
KOHCTPYKIIA TUTSYOrO AANTUBHOTO B3YyTTS
PO3TIIAIAETHCSA SIK €Tal eKCIIePTHO-aHAI TUYHO-
ro KOHTPOJIIO BiAMOBIAHOCTI 3alIPONIOHOBAHUX
pillieHb BU3HAYEHUM €PrOHOMIYHMM BHMOTaM.
VY Mexax AOCHIKEHHS peali3oBaHO anpiopHy
Bepu(ikamiro, sKa 0a3yeTbCs Ha MeETOAaX
TEOPETUYHOTO MOJICIIOBAHHS Ta TPOTHOC-
TUYHOTO aHamizy. lle A03BOJMMIO BCTaHOBUTH
KOHIIENITYyaJdbHY  BIANOBIAHICTH  IPOEKTY
IHKJIFO3UBHUM BUMOTaM Ha €Tarli MPOEKTyBaHHS
0e3 mepenyacHUX BHUTpPAT Ha BUTOTOBIICHHS
JOCITITHUX 3pa3KiB [12].

Ha Bigminy Bif cTaHAapTHHX BHMIPOOYBaHB
TOTOBUX BUPOOiB, BepH]ikallisi Ha eTari MpoeK-
TyBaHHS Tepeadavac MepeBIpKy <«OKUTTE3IAT-
HOCTI» 1]1e1 Yepe3 aHalli3 BIAMOBIAHOCTI BHYT-
pIITHBOTO 00’ €My B3YTTSI IMapaMeTpam CTOIH 3
ypaxyBaHHSIM  KoMIeHcauii  Jgedopmari,

egexm. Kopexkuis

[TinTpumka

OIIHKY TMpaIe3MaTHOCTI MEXaHIYHUX BY3JIIB
(3acTiOOK, €IEeMEHTIB PO3KPHUTTS), 3aTydCHHS
npodiapHUX (axiBiiB (OPTOMEMIB Ta TCHUXO-
JIOTIB) JUIS OILIHKW IOTCHIIHHOrO IICHXO0EMO-
[iiHOTO BiAryKY nutunu [8, 9, 23, 24].

KmtouoBum  acmexktom  Bepudikamii €
BCTAHOBJICHHS  3B’SI3Ky MK  (PI3MUHOIO
CTPYKTYpPOIO B3YTTSI Ta OYIKYBAaHOIO PEAKIII€I0
Opratizmy. Ha OCHOBI pO3paxyHKiB
BCTaHOBJICHO, IO TMepexig 0 Oe3IIoBHUX
TEXHOJIOTIHA  IAKIAAKKM  BHKIIOYAE  30HU
MKOBOTO THCKY, IO Beme n0 crabimizamii
ncuxodi310J0TIYHOTO CTaHy AWTHHU Yepe3
YCYHEHHS TaKTUJIBHOTO JUCKOMQOPTY.

st MiATBEPIHKCHHS e(heKTUBHOCTI
CUHTE30BaHMX IMMOKAa3HHUKIB aripoOOBaHO METO]T
anpiopHoi Bepudikamii uepe3 BUKOPUCTAHHS
MPOTHOCTUYHOT MaTpui (Tad. 3).

Takum ynHOM, BepudikariitHa ¢aza moBena

CIIPOMO>KHICTh METOY arnpiopHOTro
MOJICTIIOBaHHS SIK IHCTPYMEHTY IPOTHO3YBaHHS
ekcrutyaraniitnoi egexruBHocti JAB, ske

3/1aTHE BUKOHYBATH HE JIUIIIE CTa0UTi3y0uy, a i
CTUMYJIOI0UY (YHKIIIO0, CIPUSIOYM aKTHUBHIH
comianizamii JTUTUHM.

BucHoBKkH. YV  xomi  JOCHIIKCHHS,
MPUCBSYEHOTO BU3HAUEHHIO Ta (HOPMYBaHHIO
EproHOMIYHHMX TIOKa3HUKIB Yy KOHCTPYKIIISX
JIAB, 6yno oTpuMaHoO Taki pe3yibTaTH:

1. OGrpyHTOBaHO KOMIUJIEKCHY METOJI0JIO-
rito JIAB, sika 6a3yeTbcst Ha TpudaszHii Moaeni
(Ananmiz — Cunre3 - Bepudikamis). Le
J03BOJIMJIO 1HTETPYBaTH aHTPOTIOMETPUYHI Ta
0loMeXaHIYHl YHUHHUKHA 3 IICUXOEMOLUHHUMU
MOKa3HWKaMH, BU3HAYUBIIM  OCTaHHI  SIK
KPUTHUYHO  3Hauynyi s e(eKTUBHOL
peabimiTariii Ta comiami3aii TuTHHH.

2. Knacu¢ikoBaHO KJIIOUYOBI €proHOMidHi
IHIUKATOPH SIKOCTI, Cepel SKUX MPIOpUTETHE
3HAUEHHS HAJIaHO: MapaMmeTpaM KOHCTPYKTHB-
HOl aJanTUBHOCTI (3a0e3reueHHs aBTOHOMIL
B3YBaHHS 4Yepe3 CHUCTEMH JETKOTO JOCTYIy
«Easy Entry»); ©OiomexaHiuHiii cTabimizarii
(miaTpumka Qa3 TepekaTy  CTOMH);, Ta
CEHCOpHii Oe3meri BHYTPIIIHBOTO IMPOCTOPY
(MiHIMI3aIlIS TAaKTHJIHHOTO TOJPAa3HEHHS Yepes
0E3II0BHI TEXHOJIOTII).

3. loBeneHo  mpsMy  KOPENSII0 MK
€proHOMIYHOIO JIOCKOHATICTIO KOHCTPYKIIi Ta
MICUXOCMOIIIHHUM  CTaHOM JUTHUHU. Yepes
BIIPOBA/DKEHHS  MPOTHOCTUYHOI  MAaTpHIIi
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BCTAQHOBJICHO, W0 MiHIMi3alis (i3UYHOTO
TUCKOM(OPTY Ta MOXKIHUBICTH CaMOOOCITyro-
BYBaHHS 0€3M10CEPEAHBO CIIPUSIOTH 3HIKEHHIO

piBHS  TPUBOXKHOCTI  Ta  MiJABHILEHHIO
CaMOOIIIHKU JITeH 13 MOPYIICHHSIMHU OIOPHO-
PYXOBOTO amapary.

Tabnuys 3

IIporHocTuyHa MaTpUUS B3a€EMO3B’A3KY KOHCTPYKTHBHHMX NapaMeTpiB JUTAY0T0
aJalTUBHOIO B3YTTS 3 O4iKyBAaHUMMU IHAUKATOPAMM SKOCTI JKUTTS TUTHHH

opro — By3miB (Street-
style)

KoncTpykTuBHMIT . . . . . . .
IIporuo3s ¢iziostoriunux 3min OuikyBaHu#i iHANKATOP AKOCTI JKUTTH
napaMmeTp

Cucrema MoBHOTO | MiHIMalTbHE 3yCHIUIA MPH BKIIaJaHHI CTOMNH, | PIBeHh aBTOHOMHOCTI: JIWUTHHA 37aTHA
poskpurts (Easy Entry) |BiacyTHICTH TepTs y I1'SITKOBIH 4acTHHI. CaMOCTIfHO B3yBaTHCS, 110 3MILHIOE

MOYYTTS! HE3AJIEKHOCTI.
MarnitHi  3actiOkn  /|Hapilina dikcaniss crommn 6e3 3amyuenss | [Icuxomoriunmii  KoMQOpPT: 3HUKHEHHS
¢ikcaropu JpiOHOT MOTOPHUKH PYK. cTpecy gyepes HeBJaJ crpobou
3alIHypPOBYBaHHS; 3pOCTAHHS CAMOOLIIHKH.
BizyanbHe MmackyBaHHs | 30epexeHHs JiKyBanbHUX (yHKUiH 1pu | ComianbHa THKITIO3151: BiJICyTHICTB

Cy4acHOMY 30BHIIIHBOMY BHUTJISIA.

Bi3yaJIbHOI CTUTMU; JUTHHA [OYYBAETHCS
PIBHOIO cepesl OJHOJITKIB.

Besmosna migkianka PiBHOMIipHMIA pO3MOALT THCKY, BiACYyTHICTH | EMomiliHa  cTaOLIBHICTh:  MiHIMi3aLis
PU3UKY MIKPOTPaBM IIKipH. CEHCOPHOTO yMmy, 11(0) 3HIDKYE
JIPATiBJIMBICTh MPOTATOM JTHSI.
ITlimomBa 3  poxkep- | OnTuMizaris GioMeXaHIIHOTO UKy KPOKY, | PizuuHa aKTHUBHICTb: T IBUTIICHHS
eexkTom E€Hepro30epexeHHsI PH XOAb0I. BUTPHUBAJIOCTI Ta MOTHBAIIl JO TPHUBaIUX
irop.

4. 3anpomnoHOBaHO 1IHCTPYMEHTapiil ampiop-
HOi Bepuikamii MpoekTy, MO Oa3yeThCcs Ha
BUKOopucTaHHi koedimientiB amantamii (KA).
L1e 3abe3neuye TpaHchopMaIliio MATOIOTYHUX
BIIXWJICHb y KOHKPETHI TEXHIYHI TapameTpu
BHYTPIIIHBOTO 00'€eMy B3YTTS, pealli3ylouu
mepexia BiJi THMOBUX METOJIB MPOCKTYBAaHHS
710 TIEPCOHANTI30BAHUX IHKIIO3UBHUX PIlLICHb.

npoexktyBaHHa JIAB, sike BUCTymae He JHIle
OpPTONEAUYHUM BUPOOOM, a M IHCTPYMEHTOM
ncuxoJioriuaoi - peabimiramii.  IlepcrniekTuBu
MOJATBIINX JOCTIKEHb TOB’S3aHI 3 aBTOMa-
TH3aIi€eo po3paxyHkiB KA depes BmpoBaa-
JKEHHS aIUTUBHUX TexHoiorii ta 3D-
MOJIETIIOBAHHS ISl IOCSITHEHHS MaKCHUMaJbHOL
AHTPOIIOMETPUYHOI BiJIIOBIAHOCTI.

[IpakTruHa 3HAYYIIICTE POOOTH TMOJATAE Y
CTBOPEHHI HAYKOBO-METOAMYHOI 0aszu s
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TV ®EPEHIIINOBAHMIA NIIXII 10 MEXAHIYHOTO
OTIOPSIKEHHSI BOPCOBOT'O TPUKOTAKHOT O
MATEPIAJTY THITY «POLAR FLEECE>»

Mema. QOb6rpynmysanns ma po3pooKa eHepeoepeKmuUH020 MexXHON0IYHO20 YUKTY MeXAHIYHO20
onopsioxceHus: 60pcogozo mpuxomaxcy muny «Polar fleecey, axuil 3a6e3neuye 6UKOHAHHA HOPMAMUBHUX
sumoe mexniunux cneyughixayivi Minicmepcmea Oboponu Yrpainu (TC MOY) 3a noxaznuxamu mosujunu
ma nosimponpoOHUKHOCMI 0e3 3ayYeH s CReYiani308aHUX PO3UICYBATLHUX MAUUH.

Memoou. Y podomi suxopucmano KOMNIEKCHUNl nioxio, wo BKIOYAE eKCHEPUMEHMANbHI Q0CHIONCEHHS
enUBy napamempie 6-emannoco OughepeHyitiosano2o B0pCy8anHs HA 080bapadbannomy 00IAOHAHHI HA
mexcmypy noeepxui nonomua. Jlabopamopui eunpo6ygants hizuKo-MexaHiyHux NOKA3HUKIE NPO6eOeHO
3eiono 3 JICTY ISO 5084:2004, ICTY ISO 9237:2003 ma JICTY ISO 12945-2:2005. Teopemuunuii ananiz
menaoizuuHux nacmugocmeli 6a3y8ascs Ha MOOENAX Meni06020 onopy 32iono 3 1SO 11092.
Pesynomamu. Bcmanosneno, wo kiacuyna cxema onopaoxcenua «Raising — Combingy, saxa
BUKOPUCMOBYEMbCSL 8 IMNOPMHUX AHALO2AX, NPU3BOOUMb 00 HAOMIPHOI CMPYKMYPHOL KOHCOoRi0ayii 6opcy,
WO CNpUYUHAE peOyKYito nogimponporukHocmi nudxcue 600 0m>/(m*c) ma smenwenns moswunu. JJoseoeHo,
WO 3aCMOCYBAHHI 3aNPONOHOBAHO20 G-eMANHO20 YUKTY «BOPCYBAHHA — BANAHHA — IMIMAYIlIHe YeCaHHA)
Ha YHIBEPCANLHUX BOPCYBANbHUX MAUWUHAX 003801A€ 00CA2MU HOpMAMueHoi moswjunu 5,0 mm ma
nosimponpoxuxrocmi nonad 600 om’/(m’c).

Haykoea nosusna. Bnepuie 00IpyHmosano MOICIUGICMb IMImayii npoyecy aHmuninine08020 po3dicy8aHHs.
HAQ YHIBEPCATLHOMY BOPCYBATLHOMY OONAOHAHHI WUISIXOM HPEeYusitiHoco KepyBawHs WEUOKICHUMU
PediCuUMamy.  pOIuKi6 «80pc — NPOMUBOPCH HA (DIHATLHOMY emani ONOpsONCeHHs, Wo 3abe3neuye
30epesicenHs KaniisprHo-nopucmoi cmpykmypu mamepiany (Loft-ecpexmy).

Ilpakxmuune 3nauenna. Pospodreno ma 6nposaodsiceHo y npoMuciose UPOOHUYMBO MEeXHON02IYHUL YUK
onopsioxcenust  8opcogozo mpuxomascy «Polar fleecey, skuil 3abesneuye 6ucoxi mennogizuuni
Xapaxmepucmuxky NOPIGHAHO 3 THOZEMHUMU aHAno2amu 0e3 000amKOBUX KANIMATbHUX IHEeCmuyit y
cneyianizoeane 0OAAOHAHHSL.

Knwouosi cnosa: sopcosuti mpuxomasic, gic; mexaniune OnOpaONCeH s, NOGIMPONPOHUKHICIb; MOBUWUHA
80PCOBO2O MPUKOMAICY;, NINIHEOCMIUKIC®.

Copyright © The Author(s). This is an open access article
distributed under the terms of the Creative Commons Attribution
License 4.0 (https://creativecommons.org/licenses/by/4.0/)
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A DIFFERENTIATED APPROACH TO THE MECHANICAL
FINISHING OF "POLAR FLEECE" TYPE PILE KNITTED
FABRIC

DEVOHUTS DENYS, HALAVSKA LIUDMYLA
Kyiv National University of Technologies and Design, Ukraine

Purpose. Justification and development of an energy-efficient technological cycle for the mechanical
finishing of "Polar fleece™ pile knitted fabric, which ensures compliance with the regulatory requirements
of the technical specifications of the Ministry of Defense of Ukraine (TS MODU) in terms of thickness and
air permeability without the use of specialized combing machines.

Methodology. The study employs a comprehensive approach that includes experimental research on the
influence of the parameters of a 6-stage differentiated raising on the fabric's surface texture using double-
drum equipment. Laboratory tests of physical and mechanical indicators were conducted in accordance
with DSTU ISO 5084:2004, DSTU 1SO 9237:2003, and DSTU ISO 12945-2:2005. The theoretical analysis
of thermophysical properties is based on thermal resistance models, as specified in ISO 11092.

Results: It was established that the classical "Raising — Combing" finishing scheme used in imported
analogs results in excessive structural consolidation of the pile, reducing air permeability below
600 dm?®/(m3s) and decreasing thickness. It was proven that the application of the proposed 6-stage cycle
"raising — felting — imitative combing™ on universal raising machines enables achieving a normative
thickness of 5.0 mm and an air permeability exceeding 600 dm3/(m?2s).

Scientific novelty: For the first time, the possibility of imitating the anti-pilling combing process on
universal raising equipment was substantiated through the precision control of the speed modes of the "pile
and counter-pile"” rollers at the final finishing stage, which ensures the preservation of the material's
capillary-porous structure (Loft effect).

Practical significance: A technological cycle for finishing "Polar fleece™ pile knitted fabric was developed
and implemented, providing high thermophysical characteristics compared to foreign analogs without
additional capital investments in specialized equipment.

Keywords: pile knitted fabric; fleece; mechanical finishing; air permeability; the thickness of the pile knit
fabric; pilling resistance.

Beryn. CrtBopeHHs cydacHOTO (DyHKIIIO-
HAIBHOTO TEKCTHIIIO JUIsl eKCIUTyartaiii B
yMOBaXx HHU3BKHX  TEMIIEparyp BHUMArae
KOMIUIEKCHOTO TiAXOAY 10 MPOEKTYBAHHS HOTO
cTpykTypu. TekcTunbHi MaTtepianu tumy «Polar
fleece» 3aiimaroTh ocoOnmMBE Micle y il
KaTeropii 3aBAsKA 37aTHOCTI 3a0e3reduyBaTu
BUCOKY TEIUIOI30JISIIiI0 MPH MiHIMaJbHINA Ba3i.
Cdepa iXHBOTO 3aCTOCYBaHHS  OXOILTIOE
npodeciifHuil CIOPTUBHUNA OJAT, EKiIlipyBaHHS
JUIS  €KCTPEMaJbHOTO TYpH3MYy, a TaKOX
CHeliagbHl BUPOOM, IO PErVIAMEHTYIOTHCS
KOPCTKHMHU Tally3eBUMH HOpMmamu. Hapasi
OIHUM 3 TakKuWX JOKYMEHTIB € TeXHI4YHa
crienndikarist Mi"icTepcTBa 000poHU YKpaiHu
[TC MOVY A01XJ.30655-291:2020 (01)].
OCHOBHUM YHHHUKOM, IO 3a0e3Meduye Terio-
3aXUCHI BJIACTUBOCTI TAKUX MaTepialiB, € 37aT-
HICTh BOPCOBOTO IIApy YTPHUMYBATH 3HAYHUIA
00’em Hepyxomoro noBiTps. IIpore ¢yHkuio-
HaJBHICTh MaTepialy B YMOBaX AaKTHBHOTO

pyxy (MeTaboIIYHOTO TETUIOY TBOPEHHS ) BU3HA-
JaeThCA HE JIHUIIE TEIUI0130JIAIII€I0, a i 34aTHIC-
TIO 10 eeKTHBHOTO MapoBiaBeacHHS. OcTaHHE
pearizyeTbesl yepe3 MexaHi3M MOBITPOIIPOHUK-
HOCTI, IO J03BOJISI€E YHUKHYTH KOHJIEHCAIlIl
BOJIOTH BCEPEIMHI MMAKeTa OJISTY Ta HACTYITHOT'O
MEPEOXOJIOKEHHST opraHizMy. Takum 4uHOM,
MOCTA€ CKJIATHE 3aB/IaHHS JIOCSTHEHHS OalaHCy
MDK T€OMETPUYHUMU (TOBIIMHA > 5,0 MM) Ta
TQy31HHIMEI (TTOBITPONPOHUKHICTh
> 600 am3/(M?C)) XapaKTEPUCTHKAMHU.

AHaqi3 momnepeaHix AocJaigKeHb. AHaI3
CydyaCHHUX HAyKOBMX THIpallb CBIIYUTh, IO
TEII03aXUCHI BIACTUBOCTI TEKCTHIILHUX MaTe-
pilajiB BU3HAYAIOTHCS TEPEIyCiM 3IaTHICTIO 1X
MOPUCTOI CTPYKTYPH YTPUMYBAaTU HEPyXOMe
MOBITPS, IKE BUCTYIA€ OCHOBHUM TEII0130JI5-
IHHUM cepefoBUIeM. 30KpeMa, y TOCIif-

KEHHAX BHCOKOITOPUCTHX («high-loft»)
MaTepialliB BCTAHOBJICHO, W0 30LIBIICHHS
MOPUCTOCTI Ta  00’€MHOCTI  CTPYKTypH
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3a0e3nevye MiABUIICHHS TEPMIYHOTO OIOPY 32
paxyHOK (OpMYyBaHHS 3HAYHOI KUIBKOCTI
MOBITPSHUX TpoIIapkiB. BogHodac moseseHo,
10 eKCcIUTyaTaliiHi (akropu, 30KpeMa CTuc-
KaHHS MaTepially, MOXXyTb CYyTTE€BO 3HHKYBaTH
e(eKTHBHICTh TEIUIOI30JIALIT Yepe3 3MEHIICHHS
00’eMy 3axOIUIEHOTO TOBITPS Ta TMOPYUICHHS
CTPYKTYpPH BOJIOKHHACTOTO mmapy [1].

Pazom 3 TMM, HU3KA NOCIHIIKEHb AKLEHTYE
yBary Ha TOMY, IO TepMO(Di3i0i0riuHuit
KOM(OPT BU3HAYAETHCS HE JIMIIE CTATUHYHUMMU
TEIUIOI30JAIIIMHUMHU  XapaKTepUCTUKAMH, a M

nporecaMmu TEIJIOMacoOOMiHY, K1
BiZIOYyBaIOTHCSI B YMOBaX pealibHOi eKCIuTyaTanii
oasry [2]. 3okpema, BCTAHOBJIEHO, IO

MOBITPOIIPOHUKHICTD 1 IPOHUKHICTH CTPYKTYPH
Marepiaqy Oe3MoCepeHhO BIUIMBAIOTH HA
IHTEHCUBHICTh KOHBEKTUBHOT'O TEIJIOOOMIHY Ta
BUJAJICHHS BOJSHOI Tapu, IO YTBOPIOETHCS
BHACIIJOK moToBHAUIeHHsA. [lpu  1pomy
HaJMipHa MPOHUKHICTh MOXE MPU3BOAUTU 0
3HMKEHHS TEIUI03aXUCHUX BIACTUBOCTEN uepes
iHTeHCH(DiKAaLiI0 KOHBEKIIii, 0COOIMBO 32 YMOB
BILUTMBY 30BHIIIHIX MOBITPSIHUX MOTOKIB [3-5].

JIOCHiDKeHHST  CTPYKTYPHUX  IapaMeTpiB
TeKCTUJIBHUX  MaTepialmiB  MiATBEPIKYIOTh
ICHyBaHHS ~ 3BOPOTHOI  3aJIGKHOCTI  MIiX
TOBIIMHOIO, MacOI0 Ta HIUIbHICTIO MaTepiany i
HOro MOBITPONIPOHUKHICTIO: 31 301IBIIICHHSIM
TOBIIMHA Ta WIUIBHOCTI  CIIOCTEPIraeThCs
3HW)KCHHS MOBITPOIIPOHUKHOCTI pu
OJIHOYAaCHOMY 3POCTaHHI TEIJIOBOTO omopy [6].
Ile 3ymoOBIIO€ HEOOXINHICTH  ONTUMI3AII]
CTPYKTYPHHX IapaMeTpiB MaTepialy 3ajeXHO
BiJl YMOB eKcIntyarartii [7].

Oxpemi HayKOBI MiAXOOU PO3TISAIAAIOTH
TEKCTHJIb SK 0araTomiapoBy CHUCTEMY, Y SKiif
IpolecH Termyonepeadl peani3yloThCsl uepes
MOETHAHHS TEIUIONMPOBITHOCTI, KOHBEKIIii Ta
BUIMIPOMIHIOBaHHS, a €(EeKTUBHICTh TEIIo-
3aXHUCTy BHU3HAYAETHCS  B3AEMOJMIEID  MIXK
rapaMu Ta iX MOBITPONPOHUKHICTIO [8]. BeTa-
HOBJICHO, 1[0 Yy JAWHAMIYHUX yMOBaX €KCIUTya-
Tarii (pyX, BiTep) poJib MOBITPOMPOHUKHOCTI
CYTTEBO 3pOCTa€, OCKIJIHPKM BOHAa BH3HAYAE
IHTEHCUBHICTh MOBITPOOOMIHY Ta CTaOUIBbHICTh
MIKpOKJIIMATy y HiA0AST0OBOMY IpocTopi [5, 9].

AHani3 HayKOBOI JiTepaTypH CBITYUTH MPO

rmuOOKe  BHBUCHHS  OKPEMHX  aCIIeKTiB
IPOEKTYBAaHHS BOPCOBHUX IOJIOTE€H, MpPOTE
BUSBIIIE HM3KY HEBHUPILIEHMX MPOTUPIY.

dyHIaMEeHTaIbHI OCHOBH (OPMYBaHHS ILIIO-
IIEBOTO TPUKOTaxXy (sinker pile), mo e 6a3o10
JUIsl TPUKOTaXKHOTO Marepiany tuiy «Polar
fleecey», 3axmaneni y mpamsix Spencer D.J., ne
oOTpyHTOBaHO BHOIp KJaciB oOJagHAHHS IS
CTBOPEHHSI CTaOUIbHOI METEeNBHOI CTPYKTYpH
[10]. Posib reoMeTpUUYHUX MMapaMeTpiB B'sI3aHHS
y 3a0e3MedeHHi CTIHKOCTI BOPCY TOCTIIKYBaJIH
Kaikobad M. Tta Islam M. S., BcTaHOBHUBIIH
IpSAMY 3aJIKHICTh MK IITBHICTIO 3aIIOBHEHHS
MOJIOTHA Ta HOTO MEXaHIYHOIO TPUBKicTIO [11].
VY konTekcti Tepmodizionorii, Schacher L. Ta
Gunesoglu S. nmoBenu, 10 TETUIOBHMA OITIp
BOPCOBHMX MarepiajgiB € (QYHKILI€O IXHBOI
TOBIIMHU: YUM OUIBIIUNA 00’€M TOBITPSHUX
NacToK Cc(OpPMOBAaHO Yy BOPCi, THUM BHIII
130JIA111HI  TIOKa3HUKH Marepiany [8, 12].
Pazom i3 Tum, Baczek M. ta Gruszka I. Haro:o-
IIYIOTh, IO I MaTepiaiiB, MIPU3HAYCHUX IS
aKTUBHUX JIi y XOJIOA1, TapOBiIBEICHHS Yepe3
MOBITPSIHI KaHAM € KPUTHYHUM (PAKTOpOM,
KU 3amo0irae «eexTy 3MOYyBaHHS» BOPCY
[13]. Tlpore, HalBaXJIMUBIIIMM HAYKOBHUM
6ap'epom € Bussnene Ozkan 1. Ta Kaplangiray
B. siBUIIe HACHYEHHS: TIPH TOCATHEHHI TEBHUX
3HAa4YeHb TOBILUMHU 4Yepe3 MeXaHIYHe Hadicy-
BaHHSI, MMOJIAJIBIIE 3POCTaHHS BOPCOBOTO HIApy
CYIIPOBOJIKYETHCS CTPIMKUM Na/iHHAM
noBiTponpoHukHocTi [14]. Ile miarBepmKy-
eTbesl y poboti Onofrei E. [7], B skiit onucaHo
MeXaHi3M «OKIII0311 MIiKpOIIOp», 3a SIKOTO BiJIbHI
GbinaMeHTH HUTKU TEPEKPUBAIOTh KaMUISpHI
KaHamu, OJIoOKyrounm MacooOMiH. Hes3Baxkaroum
Ha 1[I HampallOBaHHS, NMUTAaHHS 30epeKeHH
BHCOKOi TOBITPOMPOHUKHOCTI 32 TOBIIWHU
> 5,0 MM /17151 BOPCOBUX TPUKOTAKHUX MOJOTEH
13 HuTkH 150d/f48, BUroTOBIIEHHX Ha B’S3ajIb-
HOMYy oOnanHaHHI 24 Kiacy, 3aJIUIIAETHCS
MIPAKTUYHO HETOCIIIPKEHUM. AHAJI3 Cy4yacHUX
KOHKYPEHTHHUX 3pa3KiB TPUKOTaxy TUIty «Polar
fleece» moka3sye, o OUTBIIICTE BUPOOHUKIB HE
PO3B'S3YIOTH II€ MPOTUPIUYs: Marepianu ado
MalOTh HEJOCTATHIO TOBIIMHY, a0O JIEMOHCT-
PYIOTh HHU3bKY IOBITPONPOHUKHICTh Yepe3
Ha/JIMipHE MeXaHIYHEe YIIUIbHEHHS TOBEPXHI.
ITocranoBka 3aBaaHHsA. BpaxoByrouu
BUIIIE BUKJIAJZICHE, HApa3i 3aJIMIIA€THCS HEBHPI-
IIIEHOI0 HACTYyIHA HayKoBa MpoOliema: BiJCYT-
HICTh TEXHOJIOTIYHOTO QJITrOpUTMY, KU Ou
JI03BOJIUB c(hOpMyBaTH BOPCOBUH 11ap ITpaHUY-
HOi TOBHIMHHM Oe3 BTpaTH Horo audys3iiHOL
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CIIPOMO’KHOCTI. ICHYIO4I MEeTOAM MEeXaHI4YHOTO
OTIOPSA/DKEHHS Ha YHIBEpCaJIbHOMY 00JaHaHHI
He 3a0e3MeuyoTh BUKOHAHHS BUMOT 32 000Ma
MOKa3HUKaMH OJHOYACHO, 1[0 MPU3BOAMTH IO
CTBOPEHHS MaTepiaiiB i3 HU3bKUMU €KCIUTyaTa-
LIHHUMU XapakTepucTukamMu. ToMmy po3B’s3aH-
HS HAyKOBO-TEXHIYHOTO MPOTHPIYYS  MIXK
TEIUIO130JIALI€I0 Ta TAPOBIABEACHHSIM HUIIXOM
po3pobku  nudepeHIiioBaHOro  6-eTarmHOTro
[IUKITy MEXaHIYHOTO OMOPS/DKEHHS € aKTyallb-
HOI0O HayKoBow 3ajaueto. lle 103BOIUTH
3a0e3NeunTH HOPMATHBHY TOBIIMHY > 5,0 MM
Ta TMOBITPONPOHUKHICTE > 600 nm*/(M%*c) 3a
paxyHOK KepoBaHoro ¢opmyBaHHs Loft-
edekTy 0e3 KpUTUYHOI OKITI031i Top MaTepiay.

O0’ekTH  Ta MeTOAM  JOCJi/IKEeHHS.
OO0’ exTOM JTOCTiKEHHS € Tpotiec GopMyBaHHS
BOPCOBOI MOBEPXHI TPUKOTAXKHOIO HAYICHOTO
nosnotHa (100% momiectep) 13 MOBEPXHEBOIO
ryctuHoro 250420 r1/m?.  JlocnmigHi 3pasku
BopcoBoro Tpukotaxy Ne0425 ta Ne0005/1
BUPOOJEHO Ha CHEIialli30BaHOMY  KpYTO-
B’si3abHOMY oOnamHanHi Pailung PL-KSP
(24 xnac, miametp nuitiHApa — 26 AIOUMIB) TS
OJIepKaHHS TPHUKOTAXY TUTIOIIIEBOTO
neperieteHds.  Bubip 24  kmacy (E24)
0a3yeTbcs Ha HEOOXiTHOCTI CTBOPEHHS BUCOKOT
IIUIBHOCTI TOYOK 3aKpIIJICHHS IUIIOMIEBUX
(BOpcoBHMX) TMeTedb Yy CTPYKTypli IpYyHTY
TPUKOTaXXHOTO Matepiaiy (puc. 1).
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Puc. 1. llpouec popMyBaHHS TPUKOTAXKY ILIIONIEBOI0 NMepenieTeHHs
SIK OCHOBH TEKCTHJIbHOT0 MaTepiamy Tumy «Polar fleece»

Y 4KOCTI  IPYHTOBOi  BUKOPHCTAHO
MOJTIECTEPOBY TEKCTYPOBAHY HUTKY JIIHIMHOI
ryctuan  100D/F36/1 NIM. [lnst yTBOpeHHS
BOpPCOBOro  (IUIIOIIEBOr0)  MmIapy  OOpaHO
nojiecrepoBy HUTKY 150D/F48/1 NIM 3
KpyTJIol0 (OPMOIO TIOTIEPEYHOTO Tepepizy
¢inamentiB. BuGip Hutku 150d/48f € HaykoBo
0oOTpyHTOBaHUM. 3TrigHO 3 JOCTIIHKCHHSIMU

Farha et al. [15] Taka kinbKicTh (iTaMEHTIB 3
TOBIMHOI OJUHUYHOIO BOJIOKHA OJHM3BKO
3,125 nenne 3a6e3mneuye HEOOXiTHY KOPCTKICTh
BOPCY Ha 3IMH, IO JO3BOJISIE IMPOTUCTOSATH
KOMIIpecii, Ha BiIMiHY BiJ] MiKpO(ilaMEHTHUX
HUTOK, CXWJIBHUX JI0 IIBUJKOTO 3JI€XKyBaHHS.
Sk 3a3Hauvae Spencer D.J. [10], kpok romsox
y 1,058 Mmm no3BosIsSIE cChopMyBaTH KOMIIAKTHY
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MeTeIbHy OCHOBY, SIKa HAJIHHO yTPUMY€E KOPiHb
BOpCY TiJ Yac arpecMBHOI MeXaHi4HOi [ii
BOPCYBJIBHUX POJUKIB. [l mpenmsiiiHoro
KOHTPOJIO JIOBKMHU HHUTKM B TETIl Ta
CTaOIPHOCTI  HATATY MO Yac B s3aHHSA
Bukopuctano npuctpiit MLT WESCO.

BianoBigHOo 10 MeTH poOOTH, BUKOPHUCTAHO
KOMIIJIEKC IHCTPYMEHTAJIBHUX METOJIB KOHT-
poitto Ghi3UKO-MEXaHIYHUX Ta (PYHKIIOHATHHUX
MOKA3HHKIB SKOCTI BOPCOBOTO TPHUKOTAKHOTO
matepiany tumny «Polar fleece». 3okpema:

- TIOBEPXHEBY T'yCTUHY BUMIpIOBAIM IILJIs-
XOM 3Ba)KyBaHHS 3pa3KiB, BUPI3aHUX KPYTOBUM
pizakom twiomero 100 cM?, Ha aHATITHYHUX
Barax;

- TIOBITPONPOHMKHICTE  BH3HAYEHO  HA
npuiaaai Air Permeability Tester (ProWhite,
Typeuunna) 3rigHo 3 JACTY ISO 9237:2003.
3amipu NMPOBENEHO NPU MOCTIHHOMY Iepenasl
tucky 50 [la, 1o BiAMmoBizae yMoBaM eKcCILIya-
Talli Marepiany sK yTerioBaya JIpyroro mapy;

- TOBIIMHY IOJIOTHA 3aMiplOBaJId 3 BUKO-
PHCTAaHHSM CIEIialli30BaHOTO TOBIIMHOMIpa 3
IUIOLICI0 MPUTUCKHOI Janku 25 cm?  Jlns
30epeKeHHsI HATUBHOI (MIEPBUHHOI) CTPYKTYpHU
BOpCY BUKOpHCTOBYBaBcsa TUcK 1 [la 3rigHo 3
JACTY ISO 5084:2004,

- CTIMKICTh A0 yTBOPEHHS M€ HOCHTiA-
eHo Ha npwiani Mapringeitna (2000 nukiiB)
13 HACTYNHOIO OLIHKOIO 3a ETaJOHHUMHU
mrabnonamu 3rigHO 3 JICTY ISO 12945-2:2005;

- PO3TSKHICT MO IIMPUHI  OI[IHIOBAIU
KUIBIICBUM  METOJIOM (po3mip  3paska
200x%50 mm) mpu HaBaHTaxeHH1 6 H;

- 3MiHY JIHIHHUX PO3MIpiB MICII MOKpPHUX
00poOOK MepeBipeHo Micis LUKy MpaHHS Npu
temnepatypi 40 °C 3rigao 3 ACTY ISO 5077:
2001 ta ZICTY ISO 6330: 2001.

Pe3yabTaTn AOCTiKeHHS Ta
o0ropopeHHsi. MexaHiuHEe  ONOPSKEHHS
3pa3ka Ne(0425 peainizoBaHO Ha yHiBEepCaJbHI
nBoOapabaHHii BopcyBaibHIM MammHi Mario
Crosta (MC 20/24GF) 3a po3pobieHHM
nudepeHIifoBaHUM ~ 6-€TalHUM  LIUKJIOM.
XapaKTepuCTUKy  KapJ0o4ecaabHOI  CTPIUKH
HaBeJleHO Ha puc. 2. HuxkHill 6apabaH BUKOHYE
KIJIAaCHYHY oTIepariro PO3BOPCOBYBAHHS
(raising) (puc. 3). pyruii 6apabaH mpaiioe y
pexuMi ¢pansiroBanns (felting) [16].

55°
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Puc. 2. XapakrepucTuka
Kap/04ecaabHOl CTPIYKHU:
niameTp radka 0.305 MM, IUTBHICTE TAYKiB
270 m1T./mroiiM 2, BcoTa 11 MM 3 OCHOBOIO

[Iporniec BopcyBaHHS TPUKOTAXHOIO Mare-
piany, BUPOOJIEHOTO IUIIOIIEBUM IEpETIeTeH-
HSIM, BKJTIOYaB HACTYIIHI IIICTh €TAMiB.

1-11 eman: TlouaTkoBe BOpCyBaHHs JINLOBOI
CTOpOHU (IMIBHIKICTh mosoTHa 10 M/xB) amns
JeNKaTHOTO TiTHATTS BEPXHiX (piTaMeHTiB.

2-11 eman: OCHOBHE BOPCYBaHHsI JIMIIbOBOL
CTOpOHM (MIBUAKICTE 12 M/XB, IIBHIKICTh
MIPOTUBOPCOBUX ponukiB 32 06/xB). Ha mpomy
eTarti BiI0yBa€eThCs IHTEHCUBHE TIEPETSTYBaHHS
IUTIOIIEBOI HUTKM Ha JIMIBOBY CTOPOHY JUIA
(hopMyBaHHS T'yCTOTO HAYOCY.

3-1i eman: BopcyBaHHS BUBOPITHOI CTOPOHU
(BUAKICTD 12 m/xB) JUISt PO3BUTKY
CUMETPHUYHOI BOPCOBOT CTPYKTYpH.

4-11 eman: Crabinizaniss BUBOPOTY (IIBHUJ-
Kictb Oapabana 120 00/xB) ans CTBOPEHHA
edexty BaysiHHA (felting), mo 3akpimmoe Bope
Ta 3ano0irae foro BUIIaIaHHIO.

o-ti eman: «ImiTamigs  po34iCyBaHHA»
JTUIBOBOI cTOpOHU. Ha BiIMiHY BiJ KITAaCUYHOTO
combing, MBHUIKICTh POJIMKIB 3HMKYBANacs 10
9-10 06/xB. Ile mO3BOJMWIIO TIEPEOPIEHTYBATH
Bopc Ta BinmHOBUTH Loft-edext 6e3 kpuTHuHOi
OKJIIO311 KamlJIIPHUX KaHaIB, OINHUCAHOI B
po6otax Ozkan et al. [14] ta Onoftei et al. [7].

6-1t eman: diHanpHA cTablMI3allisT BUBOPIT-
HOI CTOPOHH JUISI OCTATOYHOTO 3aKpiIICHHA
MOP(OJIOTTYHHUX TTapaMETPiB MOJOTHA.

Takuii miaxig JO3BOJMB  3a0€3MEYUTH
HEOOXI1IHYy TOBIIMHY MaTepiary 0e3 3amydeHHs
CHeLiaTi30BaHUX PO3UICYyBabHUX (combing)
MaiyH, 30epiraloud TP I[BOMY BHCOKY
MOBITPOIPOHUKHICTB, HEOOXiIHY TS
MapOBiIBEICHHS TTi]T Yac aKTUBHUX AiH [21].
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Puc. 3. CxeMa HUKHBOT'0 BOPCYBAJIbHOI0 6apadaHna
A — TpuKOTa)xkHe TOJO0THO; B — BopcyBanbHuil ponuk (Bopc); C — MpOTUBOPCYBATBHUNA POIUK
(xouTpBOpC); D — ronoBuwmii 6apadan; E — B ick rosioBHOTO 6apadana; F — posmk miBuakocTi moaadi
nojoTtHa (Bxim); G — ouncHa IIiTKa MPOTUBOPCYBAIBHUX pONUKiB; H — acmipauniiinuii kopo0; L —
OYHCHA IIITKa BOPCYBATBHUX POHKIB; M — pONHK MIBUIKOCTI MOAa4i MOJIOTHA (BUXI1T)

ExcniepumenTanbHi JOCHiKeHHS (YHKITIO-
HaJIbHUX TIOKa3HHUKIB SIKOCTI PO3pOOJIEHUX
BOPCOBUX TPUKOTAKHUX MaTepialiB THUITY
«Polar fleece» Ta mnopiBHAHUWI aHami3 iX 3
HasiBHUM IMIIOPTHUM aHAJIOTOM JO3BOJIMIIH
OIIHUTH  €(PEKTUBHICTH  3aMPOIIOHOBAHOTO
TUQepeHIifoBaHOTO LUKIY  ONOPSKEHHS.
Pe3ynbraT KOMIUIEKCHUX BUIIPOOYBaHb 3pa3Ka
Ne0425, 3paska Ne0005/1 (BuroromneHo Oe3
3aKJIIOYHOI ~ omepamii  po3uicyBaHHS)  Ta
imnoptHoro ananora Ne0082/1 BupoOHHUIITBaA
KHP npencrasneni y tabnumi 1.

Amnani3 nanux tabmumi 1 miATBEpAKYy€e BUCY-
HYTy TINOTE3y 00 TEXHOJOIIYHOTO IMPOTH-
piuys MK TEOMETPHYHUMH Ta AuDy3idiHUMU
napamMmeTpamu Bopcy. 3pa3ok BupooHuirea KHP
(0082/1), mompu BiAMOBIIHICTH 32 Bi3yaIbHUMHU

O3HaKaMH BOPCOBOMY HauiCHOMY IOJIOTHY THITY
«duic», HE 3aTOBOJBHSE BUMOTaM TeXHIYHOI
cnierdikanii MinictepctBa O60poHH YKpaiHU
IOAO0 SIKICHUX XapaKTepUCTUK Marepiaily
KypTKH yTerioBaya [17] 3a o6oma KITI0u0BUMH
MOKa3HUKAaMH  SIKOCTi: TOBIIMHA CTAHOBUTH
mume 4,32 MM, a TOBITPONPOHUKHICTh —
551,56 nm*/(M?c), 1O HWXKYE HOPMATHBHOTO
nopory. Lle nosicHI0eTbCs 3aCTOCYBaHHAM arpe-
CHBHOT'O MEXaHIYHOTO pO34iCyBaHHA (combing),
sKe, X04a 1 BUPIBHIOE BOPC, IPU3BOIUTH JI0 HOTO
HAJMIPHOTO YIIUTBHEHHS Ta OKJIIO311 Karijsip-
HUX KaHaliB, MPO IO 3a3Hadanocs y poborax
Ozkan et al. [14]. HatomicTs, 3pasox Ne0005/1,
BUTOTOBJICHMH 3a pPO3pOOJIEHUM 4-eTalHuM
madepeHIiifoBaHIM TIMKIOM 0e3 (hiHABHOTO
pO3YicyBaHHS, JIEMOHCTpYE Halkparii
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pe3ysIbTaTH: TOBIIMHA CSTAa€ HOPMATUBHUX Y xomi po3pobku audepeHiiiioBaHOTro
50mMM mpu  omHoyacHOMYy  3a0e3MEuUeHHi MIAXOAY [0 MPOIECY OMOPSKEHHS OKpeMy
HAJBUCOKOI  moBiTponpoHukHOCTI (764,33 yBary NpHAUICHO TOCHIPKEHHIO 3HOCOCTIMN-

am3/(m?c)). Takuil eeKT MoCATaeThCs 3aBASKH
BEPTUKAIFHO OPIEHTOBAaHOMY  HAIPaBIICHHIO
BOJIOKOH, JI€¢ BOPCHHKH CTBOPIOIOTH 00'€MHHIA
TETUIOI30JIAIIHIN T1ap, HE MePEKPUBAIOYH TTPH
IbOMY IIISIX MOBITPSHOMY MOTOKY [21].

KOCTI TIOBEPXHI BOPCOBOTI'O HA4iCHOTO TOJIOTHA
Uy «(dIic», a caMe CTIMKOCTI 10 yTBOPCHHSI
nineidi. Ha puc. 4 mnpencraBneHo 30BHILIHIN
BUTJISIZ] 3pa3KiB  Ticias BUNpPoOOyBaHb Ha
NUTIHTOYTBOPEHHS 3a MeTolIoM MapTiHjaeina.

Tabnuys 1
XapakTepucTHKA JOCJTIIHUX 3Pa3KiB BOPCOBOI0 TPHMKOTAXKY
PesynbraT BUnpoOyBaHnb 3paskis | HopmarusHmii
HaiimenyBanHs noka3HukiB,| [loka3sHukm JIOKYMEHT Ha
OJTMHHMIII BUMIPIOBaHb srigao HJJ 0425 0005/1 0082/1 METON
BUNIPOOYBaHb
1 2 3 4 5 6
Cknan cupoBUHU 100 100 100 100 JCTY 4057-
(BmicT noziecrepy), % 2001
[loBepXHeBa TyCTUHA, I/M? 250 + 20 255 246 250 JACTVY EN
12127:2009
Po3rsxHicTh Mo mmpuHi (32 | Bix 15 mo 40 16 15,27 20,54 T'OCT
NETETFHAUMH PSIJIKaMH) TIPH 8847-85
HaBaHTa)keHH1 6H, %
Po3puBasbHe 3ycwinis o 300 582,3 678,96 425,05 IroCT
JIOBXKUHI (32 MeTeTbHUMHA 8847-85
CTOBMUYUKAMH),
H, e menie
3miHa JTIHIHHUX PO3MIPIB MO 5 -0,1 -1,3 -0,4 JACTY ISO
JIOBXKHHI Ta 1O IMIHPUHI -0,6 -3,1 -0,1 5077-2001
micyst 3 MUKITIB TIpaHHs Ta JACTY ISO
CyLIiHHS (pajbHa MallluHa 6330-2001
TaN A, poleaypa npaHHs
6A (40°C), mpouenypa
cyurigHs E),
%, HE OlIbIIe
[ToBITPOTIPOHUKHICTE, MM/C 600 667,78 764,33 551,56 JACTY ISO
(mv%/(M?c), IpH THCKY 9237:2003
50 ITa, He MeHIIIE
['irpockomniyHICTh, 2 0,8 - 1,7 JCTY I'OCT
%, HE OlIbIIe 3816:2009
CXUIBHICTD J10 3 4/3 3/2-3 3-4/3-4 JCTY ISO
MJTIHTOBAHOCTI 12945-2:2005
(2000 1uomiB 3
JUIILOBO1/BUBOPITHOT
CTOpOHN),
0aju, He MEHIIIEe
ToBIrHa moNIOTHA, 5 4,65 5 4,32 JACTY ISO
MM, HE MEHIIIE 5084:2004

54 | Inoycmpis moou. Fashion Industry. 2026. Ne 1




ISSN: 2706-588X; e ISSN: 2706-5898

Puc. 4. ®oTo pocaiqHux 3pa3kiB micJs

BUNPOOYBaHb HA MiTIHTOYTBOPEHHS

3a MmeTtogomM Maprinaeiia (1 — MubLOBa CTOPOHA, 2 — BUBOPITHA CTOPOHA):
A —3pazok 04251; b —3pazok 0005/1; B — 3pa3ox 0082/1

He3Baxaroum Ha BIACYTHICTH omeparii
posuicyBaHHsl (combing), 3paszku Ne(425 Ta
Ne(0005/1 30epernu cTabiTBHICTE BOPCOBOTO
mapy Ha piBHi 3—4 OaniB, 10 BiAMOBiAae
BUMOTaM HOpMaTuBHOI mokymeHrarii [17]. Le
MiATBEPIKYE, 10 BUOIp B’s3aidbHOrO 00Iaa-
HauHs 24 knacy [10] Ta mutku 150d/f48 [14]
3a0e31euye JOCTaTHIO CUITY 3aKpiIUIEHHs BOJIO-
KOH y METENbHIN CTPYKTypl IPyHTY, 3amobira-
I04M X IIBHUIKOMY CKOYYBaHHIO, HaBiThb 3a
YMOBHU 3MEHIICHHS MIUTBHOCTI B’SI3aHHS 321
301IbIIEHHS HACKPI3HOI MOPUCTOCTI Ta 3abe3-
MIEYEHHS BUCOKOTO PiBHS TMOBITPOIPOHUKHOCTI
TPUKOTAKHOTO MaTepiaiy.

BucHoBku. Briepuie BCTaHOBIEHO XapakTep
BIUIMBY  MapaMeTpiB  JAu(epeHLiHoBaHOrOo
OaraToeTarrHOr0 BOPCYBaHHsS Ha YHiBepcajb-
HOMY J1BOOapabaHHOMY OOJaHaHHI Ha OanaHc
MOKA3HHKIB TOBIIUHH Ta TOBITPOIPOHUKHOCTI
BOPCOBOTO TPUKOTAKHOTO Marepiaay THUITY
«Polar fleece», BUPOOIECHOTO TUTIOMIEBUM
neperuieTeHHsIM. JoBeeHo, 110 BUKIIOYEHHS
eTaly  MPUMYCOBOTO  PO3YICYBaHHS  IIPH
30epexeHHl IMITallifHOr0O BOPCYBaHHS Ha
3HIKCHHUX HIBHJIKOCTSX O3BOJISIE PO3B’S3aTH
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HaykoBe mpotupiuds Mix «Loft-epekrom» Ta

JuQy3iMHOI0  CHPOMOXHICTIO  Marepiaiy,
3a0e3neuyoun MPHUPICT TOBITPOIPOHUKHOCTI
Ha 20-30% TOpiBHSHO 3 TPAAUIIHHUMHU

METOZaMH OTIOPSIIKCHHS 32 YMOBH 30€peKeHHS
TOBLIMHU Y 5 MM.

Po3pobnennii eHeproeeKTHBHUN TEXHOJIO-
FYHUM LUK MEXaHIYHOTO  OHOPSIKEHHS
BOpcoBoro Tpukotaxy Ty «Polar fleece» Ha
yHIBepcaJIbHOMY 0O0JIaJlHaHHI J03BOJIsIE  O€3
BUKOPUCTaHHA pO3UiCyBalbHUX  (combing)
MallliH OTPUMYBaTH MaTepiaiy, 110 MOBHICTIO
BIAIIOBIZAIOTE BUMOTaM JO0 ITOKa3HUKIB SKOCTI
MaTepially KypTKH yTemumoBaua [17], a came:
rIIaKO0 T0¢hapOOBaHOTO TPUKOTAXKHOTO BOPCO-
BOT0 HAYICHOTO MoJIoTHa THIy «(ic». Brpo-
BaJKEHHS Pe3yJIbTaTiB JOCIHIHKEHHS Y BHPOO-
Huunit npouec IIpAT «Tpuxoraxna ¢abpuxa
«Poza»  (Ykpaina) J03BOJIJIO  3HHU3UTHU
co01BapTICTh MPOAYKIIT Ta 320€3MeYUTH BUCOKI
(GyHKIIOHATBHI  BIACTUBOCTI  TPUKOTAKHOTO
BOPCOBOTI'0 HAYiCHOTO MOJOTHA THUIY «QIicy,
0 BUKOPHCTOBYETHCS y SIKOCTI Marepiaimy
KypTKH KOCTIOMA yTEIUTIOBaya.
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MATEMATUYHUN EKCIEPUMEHT 11O BU3HAUYEHHIO
TOBIIUHHU MAT'HITOIIPOBOAY HOBOI'O MEXAHI3MY
HEPEMIHIEHHSA MATEPIAJIIB IIBEMHOI MAIINHHA

Mema. Bcmanosumu 3aKOHOMIPHOCMI GNIUBY 2€OMEMPUYHUX MA  (DI3UUHUX NAPAMEMPIE HOBO20
PO3pO6NEH020 asmopamu Mexanizmy MpaHCNOPMY6anHs MaAmepianié WEeluHOi MAwWuHY HA BETUHUHY
Ma2HImMHOT cunu 8 pobOYOMY 3a30pi, A MAKONC BUSHAUUMU PAYIOHATLHI NAPAMEMPU 11020 MASHIMONPOBOOY
3 Memo0 MIHIMI3ayii Macu pyxomux eiemenmis i NOKpaujeHHs OUHAMIYHUX XAPAKMEPUCTUK NPUCTPOIO.
Memoouxka. [ocniodicenns 6UKOHAHO 13 3ACTNOCYBAHHAM MEMOOI8 MAMeMaAmMu4Ho20 MOOen08aHHs ma
NOBHODAKMOPHO20 eKcnepumenmy. [ns ananizy pooomu MAacHImHO20 MeXawizmy mpancnopmyeaHHsl
mamepianie suxopucmaro npozpamue cepedosuue FEMM (Finite Element Method Magnetics).
Pesynomamu. Busnaueno 6naue KOHCMPYKMUGHUX NAPAMEMPI8 MEXaHizMy nepeMiuyenus mamepianie
WGeliHOI MAWUHU HA 6enuduny macHimuoi cunu npumucky. llokasano, wo 3miHa 2eomempuyHuUX
Xapaxkmepucmux elemMeHmié 8epxHb020 MPAHCHOPMYIOU020 OpP2aHy, 30KpeMd BUCOMU MAZHIMONPO8ooy
CYMMEBO BNIUBAE HA BEIUYUHY 3YCUILISL NPUMUCKAHHA NPU nepeminjenns mamepiany. Bcmanoeéneno, wo npu
NEeGHUX 3HAYEHHAX KOHCMPYKMUBHUX NApaMempie cucmema nepexooums ) pPeriCUuM HACUYEHHS, ) SAKOMY
nOO0AIbULA 3MIHA PO3MIDI6 OKPEMUX elleMeHmi8 He NPpU300Umb 00 CYMMEBO20 NIOBUUEHHSL eqheKMUBHOCMI
pobomu, Wo € 8aXCIUBUM 3 MOYKU 30PY PAYIOHANLHOZO NPOEKMYBAHH MA 3MEHUIEHHA MACO-2AOapUMHUX
NOKA3HUKIE MEXAHIZMY.

Hayxoea mnoeusna. Bnepuie 6cmanogneHo 3aKOHOMIDHOCHMI GNIUGY 2€OMEMPUYHUX NaApamempis
MASHIMONPOBOOY Ma XAPAKMEPUCIIUK MASHIMHOL CUCeMU HA BeTUYUHY CUTU 8 POOOUOMY 330D HOBO20
MEXAHI3MY MPAHCHOPMYBANHS MAMEPIANie WEeliHOT MAWUHY, PO3POOLEHO HOMOZpAMU OIS BUSHAYEHHS.
11020 payioHANbHUX 3HAYEHb NAPAMEmMPIS, WO 3a0e3neuyoms NOKPAWEeHHs OUHAMIYHUX XAPAKMEPUCTUK |
SHUJICEHHSA MACU PYXOMUX ETIeMEHMIS..

Ilpaxmuuna 3nauumicme. 3anponoHosani nNIOX00U 00 GU3HAUEHHSI PAYIOHATLHUX NAPAMEmpie
MAZHIMONPOBoOy  003B0NAIOMb  3MEHWUMU — MACYy —PYXOMUX — eleMeHmis, RNiOSuyumy  OUHAMIUHI
XapakxmepucmuKy Mexanizmy nepemiujeHHs Mamepianie weetHoi Mauuty.

Pospobnena peepecitina mooenb, a maxoxc ompumani Homozpamu i mabauyi niobopy moocyms Oymu
BUKOPUCMAHT  THOICeHepaMu Ol BUBHAYEHHA PAYIOHANbHUX KOHCMPYKMUBHUX NAPAMEmpi8 O0aH020
npucmpolo 0e3 NpoedeHHs CKIAOHUX MAmMeMamuyHux po3paxyHkie. Lle 3abesneuye ckopoyeHHs uacy
NPOEKMYBANHS MA Ni0GUYEHHSL eEeKMUBHOCIT PO3POOKU HOBUX THEXHIUHUX PILUEeHb.

Knrouosi cnosa: wseiina mawuna; mpancnopmyeanHs Mamepianie, MasHimHUuL Mexamizm,; MAeHimonposio;
MAzHImMHA Ccuna;, NOBHOMDAKMOPHULL eKCHepUMEHm, pezpeciliHa MOoOelb, ONnMuMizayis napamempis;
MazHimHe HACUYeHHS, OUHAMIYHI XaPAKMepUCMUKU.

Copyright © The Author(s). This is an open access article
distributed under the terms of the Creative Commons Attribution
License 4.0 (https://creativecommons.org/licenses/by/4.0/)

58 / Inoycmpis moou. Fashion Industry. 2026. Ne 1


https://doi.org/10.30857/2706-5898.2026.1.1
mailto:korobchenko.yo@knutd.edu.ua
https://orcid.org/0000-0002-6026-1427
mailto:va1948@ukr.net
https://orcid.org/0000-0001-5174-3224
mailto:dvorzhak.vm@knutd.com.ua
https://orcid.org/0000-0002-1693-9106

ISSN: 2706-588X; e ISSN: 2706-5898

MATHEMATICAL EXPERIMENT FOR DETERMINING THE
MAGNETIC CORE THICKNESS OF ANEW MATERIAL
FEEDING MECHANISM FOR A SEWING MACHINE

KOROBCHENKO YEVHEN, HOROBETS VASYL, DVORZHAK VOLODYMYR

Kyiv National University of Technologies and Design, Ukraine

Purpose. To establish the patterns of influence of geometric and physical parameters of a newly developed
material feeding mechanism for a sewing machine on the magnitude of the magnetic force in the working
gap, and to determine rational parameters of its magnetic core in order to minimize the mass of moving
elements and improve the dynamic characteristics of the device.

Methodology. The study was carried out using methods of mathematical modeling and a full factorial
experiment. The FEMM (Finite Element Method Magnetics) software environment was used to analyze the
operation of the magnetic material feeding mechanism.

Results. The influence of the design parameters of the sewing machine material movement mechanism on
the magnitude of the magnetic clamping force was determined. It was shown that changing the geometric
characteristics of the elements of the upper transporting body, in particular the height of the magnetic core,
significantly affects the magnitude of the clamping force when moving the material. It was established that
at certain values of the design parameters the system enters a saturation mode, in which further changing
the dimensions of individual elements does not lead to a significant increase in work efficiency, which is
important from the point of view of rational design and reducing the mass and dimensions of the mechanism.
Scientific novelty. For the first time, the influence patterns of the geometric parameters of the magnetic
core and the characteristics of the magnetic system on the force in the working gap of the new sewing
machine material feeding mechanism have been established. Nomograms have been developed to determine
rational parameter values that ensure improved dynamic characteristics and reduced mass of moving
elements.

Practical significance. The proposed approaches to determining rational parameters of the magnetic core
make it possible to reduce the mass of moving elements and improve the dynamic characteristics of the
sewing machine material feeding mechanism. The developed regression model, as well as the obtained
nomograms and selection tables, can be used by engineers to determine rational design parameters of the
device without performing complex mathematical calculations. This ensures a reduction in design time and
increases the efficiency of developing new technical solutions.

Keywords: sewing machine; material feeding; magnetic mechanism; magnetic core; magnetic force; full

factorial experiment; regression model; parameter optimization; magnetic saturation; dynamic
characteristics.

Beryn. CydacHuWii pO3BUTOK IIBEHHOTO MAXOAW  0a3ylOTbCs Ha  BIOCKOHAJICHHI
BUPOOHMLITBA XApPaKTEPU3YETHCS CYTTEBHUM  KOHCTPYKIIM TPaHCHOPTYIOUHMX 1 HMPUTHCKHHUX
PO3MIUPEHHSIM  ACOPTHUMEHTY TEKCTHJIIBHUX OpraHiB, 3MiHI pPEXHUMIB iX pobotn abdo
MaTepialiB Ta MiJBUIICHHSIM BUMOT JIO SIKOCTI  BHUKOPUCTaHHI IOHATKOBHUX MEXaHI3MIB
roroBux BHpoOiB. OmHUM 13 KJIIOYOBUX TepeMilieHHs MmarepiaiiB. [Ipore oOMexeHHSs,
MOKa3HMKIB, IO BH3HA4Ya€ HAKICTb Mpouecy TMOB’s3aHi 3 (I3MYHUMU YMOBAMHU B3a€EMOZI1
3MIMBaHHS, €  SKICTh  TPAHCHOPTYBaHHs IIapiB MaTepially, HE JO3BOJSIOTH 3a0€3MEUNTH

MmatepiaiiB B npoueci muTTa. OcobauBoi yBaru
Ha0yBae mpoOsieMa BiTHOCHOTO 3MIIIEHHS
mIapiB Matepiany (Tak 3BaHa «IIOCAaKay), sKa
HEraTUBHO BIUIMBAE€ HA 3O0BHIMIHIA BUIIAL 1
eKCIUTyaTalliiiHi B1acTUBOCTI BUPOOiB [1, 2].
HesBaxkaroun  Ha  3HAYHY  KIJIBKICTh
JIOCHTIDKeHb 1 TexXHIYHUX pimeHsp [3-8],
CIIPSIMOBaHUX Ha 3MEHIIEHHS abo YCYHEHHs
[[LOTO SIBUIIA, JOCSATTH MOBHOTO HiBETIOBAHHS
MOCaJKW Ha ChOTOAHI HE BHaeTbes. IcHyroui

1IGHTUYHI YMOBH iX TPaHCIIOPTYBaHHS.

Y  momepemHix  gocmimkeHHsx — [9-11]
aBTOpaMu OyJI0 3aIPOINIOHOBAHO 1HHOBAIIIHHUIA
croci® 1 MPUCTPiM TpaHCIIOPTYBaHHS MaTepia-
JiB Ha IIBEHHIN MallnHi, OO0 IPYHTYETHCS Ha
BUKOPHCTaHHI CHJI MarHitHoro mojs (puc. 1).
Ha BimMiHy BiIl TpajWIiMHUX MigXOMIIB, Yy
3ampOIOHOBAHOMY CITOCO01 3yCHILISI TPAHCIIOP-
TYBaHHSI CTBOPIOETHCS 32 PaxXyHOK B3aeMOJIT
BEAY4YOro Ta BEACHOTO TPaHCIOPTYIOUUX
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OpraHiB, MiX SKAMH (OPMYETHCS MAarHiTHE
nonie. Ile mo3Bomsie 3miliCHIOBATH CHHXPOHHE
TepeMillieHHsT MarepiainiB 0e3 3ariauOJeHHS
pOOOYMX MMOBEPXOHB y Marepial, 3MEHIIUTH iX
MOIITKO/KCHHS Ta MOTEHIIHHO YCYHYTH SIBHIIE

MOCAIKH.

VY 3B’S3Ky 3 UMM aKTyaJbHHUM € TMOJajIblIe
JOCIIJKEHHSI MapaMeTpiB MarHiTHUX CHCTEM,
mo 3a0e3neuyroTh e()EeKTUBHICTh peami3alii
croco0y.

3aIlIpOIIOHOBAHOTO 30erMa,

BOXIMBUM € BH3HAYCHHS  paIliOHAIBHUX
TrEeOMETPUYHUX 1 (I3UYHUX XaAPAKTEPUCTHUK
MarHiTONpOBOY, SIKI BINTUBAIOTh HA BEJTUYHHY
cwii B pobodoMy 3a3opi Ta JAMHAMIYHI
XapaKTEPUCTHKH MEXaHi3MY.

TakuM YHUHOM, JOCHIJDKCHHS, CHpPSIMOBaHI
Ha aHaJI3 1 ONTHMI3AI0 MapaMeTpiB MarHiT-
HUX MEXaHI3MIB TPAHCIIOPTYBAaHHSI MaTepialiB
IIBEWHUX MAIIWH, € aKTyaJbHIUMH Ta MAIOTh 5K
HAyKOBE, TaK 1 MPAKTUYHE 3HAUCHHS.

Puc. 1. HoBmuii criocid nepemileHHss MaTepiajiB Ha MIBeHI MalIuHi:
1 — xopmiyc; 2 — BeZieHMI TpaHCIOPTYIOUUI OpraH; 3 — BeAy4uil TPaHCIOPTYIOUHMI OpraH;
4 — marepiai; 5 — roJkoBa TIaCTUHA; 6 — 3BOPOTHA MPY)KHHA

IlocranoBka 3aBaanHa. [locraBieHo Taki
3aBJIaHHS JOCTIKCHHS:

— MpoaHali3yBaTu BILJIUB OCHOBHHUX
¢dakTopiB  (KOGPLUUTHBHOI CHJIM  MAarHity,
TCOMETPUYHUX  TapaMeTpiB  MAarHiTiB 1

TPaHCIIOPTYIOUOTO  OpTaHy, BJIACTHBOCTEH
(depomMarHiTHOro Marepiajgy) Ha BEIHYUHY
MAar"iTHOI CHJIH;

— JIOCTI/IUTH 3aJICKHICTh CHJIM B poOOUOMY
3a30pi  Bil BHCOTH MAarHITONPOBOAY Ta
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BCTAaHOBUTH XapakTep ii 3MiHU 3 ypaXyBaHHIM
SIBUILIa MAarHITHOT'O HACHUEHHS;

— BU3HAYUTH  [MapamMeTp  palioHaJbHOL
BHCOTH MarHiTOIPOBOY Ha OCHOBI JIOCATHEHHS
ACUMIITOTUYHOTO 3HAYCHHSI CUJIH;

— noOyayBaTl MaTeMaTHYHY (perpeciiuy)
MOJIeNIb, IO OINHUCY€E BIUIMB (DakTOpiB Ta iX
B3a€EMOJIIM Ha TOCTIIPKYBaHUM MPOIIEC;

—OoTpUMaTH  JaHi A THKEHEPHUX
pO3paxyHKIB TpPU BHU3HAYEHHI palliOHATbHUX
napameTpiB MarHiTHOTO MeXaHi3My
TPaHCIIOPTYBAHHS MaTepialiB.

PesyabTaTn AOCTiIKEHHS Ta ix
o0roBopenHsi. /{51 mpoBeneHHS JOCIITKEHHS
B nporpamHoMy cepenoBuii FEMM (Finite
Element Method Magnetics) [12, 13] Oyma
noOyJJ0BaHa CHUCTEMa F€OMETPUYHUX 00 €KTIB,

II0  CHPOLICHO  MOJENIOBalia  €JIEMEHTH
MarHiTHOTO pyIIis — Mar”iTHI eJeMeHTH 1,
(bepoMarHiTHUA  HIWKHIN  TPaHCIOPTYIOYHIA
opraH 2, TeKCTHWJIBHUN Marepian 3, rojguara
ruiactuHa 4, Mar”itonposiza 5 (puc. 2).
dakTopy EKCIEepUMEHTy Ta 1iX piBHI
HaBeneHo B Tabimumi 1. KoxHid xomOiHaril
¢daktopiB Xi—Xs HpHUCBOEHO iHAeKC j. s
KO>KHOT KOMOiHalii j MPOBOJWINCEH MOBTOPHI
BUMIPIOBaHHS MTPOBOJAWINCH IO 3MIHHIA X6 —
BHCOTa TIEpepisy Marnitonposoay hpy,, mo
npuiiMana 3Hadenns (mm): 0.5; 1.0; 1.5; 1.75;
2.0; 2.25; 2.5; 3.0; 3.5; 4; 5; 10.0; 15.0. Biaryk
EKCIIEPUMEHTY — MarHiTHa CHUJia Ha OJUHUIIIO
IMOWHU ¢y, WO BHMHHMKaE B 3a30pi MK
MarHiTyMH Ta TPAHCHOPTYIOUUM OPTaHOM.
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Puc. 2. EneMeHTH reOMeTPHYHOI TOOY10BH 00’ €KTIB MOIeTIOBAHHS
Tabauys 1
HE3AJIEXHI ®PAKTOPUA EKCIIEPEMEHTY
Ne ®dakrop [TozHaueHHs Kony- KIH.BKI.CTB PiBHi daxTopa
BaHHS piBHIB
1 kiac maruity NdFeB / magnet_type X 2 N35 /891598
KoeprurrBHa cuna, A/M /Hc ! N52 / 1083531
2 Bucota marHity, Mm hmagn X 2 2,0;6,0
3 upuHa Mardity, MM Winagn X3 2 3,0;6,0
Hlupuna 3y6a
4 (epomarHiTHoro Wrooth Xa 2 1,6;3,0
TPaHCIIOPTYIOUOTO OPraHy, MM
Marepian ¢pepomarHeTuxa/ Steel_type/ EN 1.0401 (C15) / 529
5 BignocHa MarHiTHa - Xs 2 EN 1.0725 (15SMn13)
NPOHHMKHICTh Hper 11777
. 0.5; 1.0; 1.5; 1.75; 2.0; 2.25; 2.5;
6 | Bucora MarsironpoBoay, MM honp Xs 13 3.0: 3.5: 4: 5 10.0: 15.0.
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dakTopH, 10 TEXHOJIOTIYHO Ta (HI3UYHO €
KOHCTaHTaMH JUIsl KOHCTPYKII MPUCTPOIO
HaBeIEHO B Talmi 2.

[Mpuknanu 3a1eKHOCTI MarHiTHOI CHIIU Bij
BHCOTH MarHiTOIPOBOJY MOKa3aHO Ha pHC. 3—5
U JeIKUX KOMOiHaIiii QakTopiB j. AHai3
orpumanux 3anexsocreit gy = f(h,,,) nokasas
HasBHICTh aCHMIITOT MapaJieIbHuX oci aliuc,
11t OyIb AKMX KOMOiHaIii GhakTopis j.

JIst KUTBKICHOT OITIHKK 00J1acTi HAaCHYCHHS

BBEJCHO  IapaMeTp BHCOTH  HACHUYCHHS
MarHiTonpoBOAY hmp(saty- T hmp(sar)
PO3YMIIOTh TakKe 3HAYCHHS BUCOTH

Mar”iTonpoBoay Hhp,, Hpu sKOMy cuila B
pobouomy 3a3opi fy nocarae 95% Bix 3HaYCHHS
Qy asympt. Ilomampine  30UIBIIEHHS  BHCOTH
NPaKTUYHO HE BIUIMBA€E HA BEJIMUYNHY CHIIH.

®i3u4Hy CyTh Pe3yJIbTaTiB 3aJI€KHOCTI (y =
f(hmp) y Burnani rpadiky 3 acuMmITOTONO
MOXHA MOSCHUTH  SBUIIEM  MAarHiTHOTO
HAaCUYCHHS ¢depoMarHetruka. Tak i AUTSHKA
PI3KOro 3pOCTaHHS CHJIM XapaKTepHA KapTHUHA
poO3MoAiTy MarHiTHOi 1HAYKIIT Ta Tpadik
po3mnoairy THTYKITi1 o nepepizy
MarHiTonpoBoay (puc. 6) Moka3yroTb MarHiTHe
HacuueHHs Matepiany 3 B > 2T.

Haromicte mig AQUISHKHA I[DI1aTO  CUJIA
XapakTepHa KapTHHAa PO3MOJAUTY MAarHiTHOL
iHayKIii Ta rpadik po3MOALTY IHAYKINI IO
nepepizy MarHiTonpoBony (puc. 7) MoKazyroTh
BIJICYTHICTh MarHiTHOTO HaCHYCHHsI MaTepiany
3B <2Tn.

BusHaueHHsS acuMOTOTU qy_asympt Ta hmp (sat)
MPOBOAMIIOCH MUISXOM aHAai3y OTPUMaHUX
JAaHHUX EKCIIePEMEHTY 3a JOIMOMOT0l0 MOBHU

MpOrpamMyBaHHs Pyton 3.8. Pesynbpraru
HaBEeIEHO B Tadymmi 3.
Acumntora KpuBoi Oyna  BH3HaYacHa

NUBIXOM JIIHIMHOI ampokcumariii octaHHix N
TOYOK KPUBOT METO/IOM HAMEHIITNX KBaIPaTiB.
Bubip ocTtaHHIX TOYOK J03BOJISIE ITHOPYBATH
[I0YaTKOBY HEJHIRHY TUISHKY Ta
30CEpEAUTUCS HAa YaCTHHI KPHUBOI, sSKa BXKE
HaOIKAEThCSA [0 HACHYECHHS. SIKIIO HaXWI
allpOKCUMOBAHOI ~ OpsAMOi  MEHIIWA 32
BCTaHOBJEGHUN  mopir  (mpuitasaro, 1%),
BBAXKAETHCSI 1[0 CHCTEMa JOCAraa IUIaTo, 1
€KCTPAIoIbOBaHE 3HAYCHHS MPSMOI OepeThes
K acuMITora. Takmil ImAxidg  JTO3BOJISIE
OTpUMAaTH OOTPYHTOBAHE 3HAYEHHS ACHUMITTOTH,
YHUKAIOYM CIIOTBOPEHb dYepe3  BHUIIAIKOBI
KOJIMBAHHS OCTAHHIX TOYOK.

Tabauys 2

DakTOpPH, 10 TEXHOJOTIYHO € KOHCTAHTAMU

MarniTHa IPOHUKHICTh 3a30p Mixk Bucora ocHoBH ToBmMHA TKAHUHH,
Bucora 3y6a N
BaKyymy 3ybamu perku MM
10 (I'n/m) Reooth (MM) w_bas (um) h_bas (mm) Reapr
1,2566E-06 3,2 55 3 0,5
1,5000
1,4000
s 1,3000 r
s
.
: /
= 1,2000
o
Q
=]
2 I
m 1,1000
L]
F
< 1,0000 I
0,9000 ’
0,8000 : . . . : . .
0,00 2,00 4,00 6,00 800 10,00 12,00 14,00

BucoTa marditonpoeogy h_mp, mm

—

Puc. 3. 3anexnoctb q, = f(hp,) nas komoinauii paxoris j = 2
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Cuna & 3azopi, Hfmm

1,7000

1,6500

f

1,6000

|

1,5500

1,5000

1,4500

1,4000

l
I
I

1,3500

0,00

2,00

4,00

6,00 8,00 1000 1200 1400 16,00

Bucota maruitonposogy, mMm

-

Puc. 4. 3anexnoctb q, = f(hp,,) nas komodinauii paxoris j =9

4, 8000

4,6000

4,4000

4,2000

4,0000

3,8000

Cuaa B 3a30pi, Hfmm

3,6000

34000

3,2000

3,0000

0,00

2,00

4,00

6,00 8,00 1000 1200 1400 16,00

BucoTa mardimtonposogy, Mmm

—30

Puc. 5. 3anexuocts q, = f(hpyy) nus kombinauii paxoris j = 30

3Ha4YCHHS MaKCHUMAaJIbHOT BUCOTH
MarHiTONpOBOAY MNyp(sqry BU3HAYAIOCH IS
BEJIMYMHM CHIH (y piBHOI 95% Bia BU3HAUYEHOI
ACHMITOTH Ta OOUUCIIOETHCS HUIIXOM JIHIHHOT
IHTEPIOJIALI MiX CYCIIHIMU TOYKaMHU KPHUBOI,
K1 0OMEXYIOTh IIJIbOBE 3HAYCHHSI.

Bci o6unciienHs mpoBeeHo ik KOKHOTO
EKCIIEPUMEHTYJIBHOTO HA0O0PY j.

3  BpaxyBaHHSAM  OTPHUMaHHUX
noOyJJOBaHO perpeciiiny MoJenb
MOPSIIKY:

IaHUX
JIPyToro

Rmp sae = —1.7075 + 1.7241 % 107° «
H; + 0.4085 * W4, + 0.1158 * Wigo1p,

ne He, Winagn Weooth - BIJIMOBIIHO,
KOCpUUTHBHA CWJIAa MarHiry, A/M, IIMpUHA
MarHiTy, MM Ta IIUPUHA 3YOIIsl, MM.

Jlnst 3py4HOCTI 1HXKEHEPHHUX DPO3paxyHKIB
MPEACTAaBUMO PO3B’SI30K PEerpeciiHoi Moemi y
BUDJISIII  YWCIOBHX  3HAUeHb  Mmiabopy
(Tabmunsg 4) Ta Habopy HOMOTpaMm (puc. 8).
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1.900e+000 : >2,000e+000
1.800e+000 : 1.900e+000
1.700e+000 : 1.800e+000
1.600e+000 : 1.700e+000
1.500e+000 : 1.600e+000
1.400e+000 : 1.500e+000
1.300e+000 : 1.400e+000
1.200e+000 : 1.300e+000
1.100e+000 : 1.200e+000
1.000e+000 : 1.100e+000
9.000e-001 : 1.000e+000
8.000e-001 : 9.000e-001
7.000e-001 : 8.000e-001
6.000e-001 : 7.000e-001
5.000e-001 : 6.000e-001
4.000e-001 : 5.000e-001
3.000e-001 : 4.000e-001

MHH L omne 01 - 2000001

<0.605e-006 : 1.000e-001
Density Plot: |Bl, Tesla

Puc. 6. Po3noais MaruiTHol iHAyKUii B MAarHiTHOMY JIAHIIOTY MATHITHOTO IPHCTPOIO AJIs1
TPAHCHOPTYBAHHA MaTepialiB wBeiHoi Mawmuu npu hy,, = 4,00 mm (komGinanis j=23)

1.900e+000 : »2.000e+000
1.800e+000 : 1.900e+000
1.700e+000 : 1.800e+000
1.600e+000 : 1.700e+000
1.500e+000 : 1.600e+000
1.400e+000 : 1.500e+000
1.300e+000 : 1.400e+000
1.200e+000 : 1.300e+000
1.100e+000 : 1.200e+000
1.000e+000 : 1.100e+000
9.000e-001 : 1.000e+000
8.000e-001 : 9.000e-001
7.000e-001 : 8.000e-001
6.000e-001 : 7.000e-001
5.000e-001 : 6.000e-001
4.000e-001 : 5.000e-001
3.000e-001 : 4.000e-001
J I ’ \ \ ( 2.000e-001 : 3.000e-001

1.000e-001 : 2.000e-001
<2.633e-006 : 1.000e-001

Density Plot: |B|, Tesla

Puc. 7. Po3noais MaruiTHol iHAyKUii B MAarHiTHOMY JIAHIIOTY MATHITHOTO IPHCTPOIO AJIsI
TPaHCNOPTYBaHHs MaTepiais mBeiiHoi Mammuu npu hy,, = 1,75 Mmm (kombinauis j = 23)

Tabnruys 3
Pe3yabTaTn 00pooku n1anHux [IOE 3 BU3BHAYEHHAM [y _asympt T hmp(sat)

No xom0. Komb6inalii napamerpis Po3zpaxoBaHi 3HaYCHHsI
j He (A/ M) hmagn Winagn Wtooth HUrer Qy _ asympt hmp(sat)
1 891598 2,0 3,0 1,6 529 1,372 1,418
2 891598 2,0 3,0 1,6 1777 1,386 1,406
3 891598 2,0 3,0 3,0 529 1,507 1,476
4 891598 2,0 3,0 3,0 1777 1,518 1,458
5 891598 2,0 6,0 1,6 529 2,396 2,362
6 891598 2,0 6,0 1,6 1777 2,423 2,347
7 891598 2,0 6,0 3,0 529 2,933 2,613
8 891598 2,0 6,0 3,0 1777 2,973 2,612
9 891598 6,0 3,0 1,6 529 1,651 1,260
10 891598 6,0 3,0 1,6 1777 1,666 1,263
11 891598 6,0 3,0 3,0 529 1,795 1,357
12 891598 6,0 3,0 3,0 1777 1,803 1,355
13 891598 6,0 6,0 1,6 529 3,216 2,425
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IIpooosoicenns mabn. 3

Ne xomO. Kom0inanii mapaMetpis Po3paxoBaHi 3HaYCHHS

j He (A/M) hmagn Wmagn Wtooth .ufer Qy _ asympt hmp(sat)

14 891598 6,0 6,0 1,6 1777 3,235 2,407

15 891598 6,0 6,0 3,0 529 3,788 2,606

16 891598 6,0 6,0 3,0 1777 3,825 2,587

17 1083531 2,0 3,0 1,6 529 2,003 1,622

18 1083531 2,0 3,0 1,6 1777 2,032 1,613

19 1083531 2,0 3,0 3,0 529 2,222 1,724

20 1083531 2,0 3,0 3,0 1777 2,240 1,707

21 1083531 2,0 6,0 1,6 529 3,419 2,809

22 1083531 2,0 6,0 1,6 1777 3,447 2,789

23 1083531 2,0 6,0 3,0 529 4,253 3,063

24 1083531 2,0 6,0 3,0 1777 4,316 3,051

25 1083531 6,0 3,0 1,6 529 2,403 1,467

26 1083531 6,0 3,0 1,6 1777 2,423 1,453

27 1083531 6,0 3,0 3,0 529 2,646 1,608

28 1083531 6,0 3,0 3,0 1777 2,661 1,606

29 1083531 6,0 6,0 1,6 529 4,560 2,838

30 1083531 6,0 6,0 1,6 1777 4,582 2,823

31 1083531 6,0 6,0 3,0 529 5,475 3,049

32 1083531 6,0 6,0 3,0 1777 5,516 3,022

BMCOTa MarHiTonposoay ansa N35 (NdFeB) BMCOTa Marditonpoeoay ana N38 (NdFeB)

34 34

32 32 -

3.0 & — —w_toot 3.0 .4: — —w_toat

28 " h=18§ 28 /’/; / h=15

25 - = =w_toot 2.6 /.' ;;’J = = = w_toot
= h=24 = e h=24
H 2.4 = 24 "
oLl wioot B 27 { taliITTHTAN
& 20 h=32 o 20 /// 2dl h=32
E| l’.S E| 1,8 /}.’/
= 15 :;tqoot =y s // f’/ :;zoot

st

14 14 b

o WA

o Siatuil

1,0 10 v

0s T T T T T T T T T T T 08 T T T T T T T T T T 1

10 24 28 32 36 40 44 48 52 55 60 54 68 7,2 76 10 24 28 32 36 40 44 48 52 56 60 64 68 72 756
W_magn, Mmm w_magn, Mmm
BMcoTa marHitonposoay ana N48(NdFeB) BUcoTa marHitonposoay ana N52(NdFeB)

36 3.8

3.4 35

3.2 f — —w_toot 3 — — w_toot

30 /:/’;/, d h=L6 :: h=16

o ,/-". './‘ = = —w_toat zjs - = —w_toot
% i: ,‘,/ h=24 % 25 h=24
E 2J2 /ﬁ/'.{/ w_toot ‘E-R, 24 seasenes w_toot
a /If/ h=32 g 22 h=32
_El ].Ja /;",/ w_toot .El = w_toot

' e h=s A h=a

1,6 goa 15

L4 {/" / 14

1,2 7 1,2

20 24 28 3,2 36 40 44 48 52 56 50 64 68 72 7.5
W_magn, Mmm

20 2,4 28 32 36 40 44 48 52 56 650 54 58 7,2 7,6
W_magn, mm

Puc. 8. Homorpamu A/is1i BU3BHAYeHHS PAlliOHAJILHUX PO3MipiB nepepizy
MArHIiTONPOBOAY HOBOI'0 MPUCTPOI0 TPAHCIIOPYBAHHS MaTepiajiB MBeiiHOI MallIUHU
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Tabnuys 4

Tabanns nindopy panioHaIbHUX 3Ha4YeHb PO3MIpiB nepepisy MarHiTonpoBoay HOBOIO

NMPUCTPOI0 TPAHCIIOPYBAHHS MaTepiajiB MBeiHOI MAIIMHHU

: Wtooth » MM
Kinac marnity 16 24 32 7
2,0 0,8 0,9 1,0 1,1
3,0 1,2 1,3 1.4 15
4,0 1,6 1,7 1,8 1,9
Winagns MM 5.0 N35 (NdFeB) 21 22 22 23
6,0 2,5 2,6 2,7 2,7
7,0 2,9 3,0 3,1 3,2
2,0 0,9 1,0 1,1 1,2
3,0 1,3 1.4 15 1,6
4,0 1,7 1.8 1,9 2,0
Winagns MM 5.0 N38 (NdFeB) 21 22 23 2.4
6,0 2,5 2,6 2,7 2,8
7,0 2,9 3,0 3,1 3,2
2,0 11 1,2 1,3 1,4
3,0 15 1,6 1,7 1,8
4,0 1,9 2,0 2,1 2,2
Winagns MM 5.0 N48 (NdFeB) 23 24 25 26
6,0 2,7 2,8 2,9 3,0
7,0 3,1 3,2 3,3 3,4
2,0 1,2 1,3 1,3 1,4
3,0 1,6 1,7 1,8 1,8
4,0 2,0 2,1 2,2 2,3
Winagns MM 5.0 N52 (NdFeB) 2.4 25 26 2.7
6,0 2,8 2,9 3,0 3,1
7,0 3,2 3,3 3,4 3,5

BucnoBku. Ha ocHOBI mpoBeaeHOTO
MaTeMaTHYHOTO EKCHEpPUMEHTY Ta aHali3y
OTPUMAHMX pE3yJbTATIiB BH3HAYEHO BILIHB
KOHCTPYKTUBHUX  MApaMeTpiB  MeXaHi3My
MepeMIIeHHsT MaTepiajiB MBEWHOI MAIlIMHA HA
BEIMYMHY  MArHiTHOI ~ CHJIM  TIPUTHUCKY.
[lokazano, moO  3MiHA  T€OMETPUYHUX
XapaKTePUCTHK eJIEMEHTIB BEPXHBOTO
TPaHCIIOPTYIOYOTO OpraHy, 30KpeMa BHCOTH
MarHiTONpPOBOAY  CYTTEBO  BIUIMBAaE  Ha
BEJIMYMHY  3yCHWUUIS  NPUTHCKAHHI  HpH
nepeMilieHHss Matepiany. BcraHoBieno, 1o
Opyd  TEBHUX 3HAYCHHAX KOHCTPYKTHBHUX

JlirepaTypa
1. lep6anp KO. HaykoBi 3acaam

napaMeTpiB CHCTEMa IEPEeXOAUTh y PEXUM
HAaCHYCHHs, y IKOMY NOJaJIbIIIa 3MiHA PO3MIpiB
€JIEMEHTIB
CYTTEBOTO MiJABUILEHHS €PEKTUBHOCTI POOOTH,
10 € BOXJIMBUAM 3 TOYKH 30py PAIliOHAIEHOTO

OKPEMHUX

IIPOEKTYBaHHA  Ta

rabapuTHHUX TTOKa3HUKIB MEXAHI3MY.

HE

MPU3BOJIUTE  JIO

3MCHIICHHSA Maco-

Po3pobrieni aHamiTUYHI 3aleKHOCTI Ta
1HXKEHEPHI IHCTPYMEHTH pO3paxyHKy
JO3BOJISIIOTh ~ 3HAYHO  CIPOCTHTH  TPOIIEC
MPOEKTYBAaHHS ~ MEXaHI3MIB  TepeMIleHHS
MmarepiajiB 1  CKOpPOTHTHM  dYac  IXHBOI
orrruMizarii.

References

1. Shcherban, Yu. (2000). Naukovi zasady proektuvannia

NPOEKTYBaHHS mIBEHHUX MaluH 3 | shveinykh mashyn z rehulovanoiu pasadkoiu materialu: dys. ...
peryaiboBaHOK  macankorw  marepiany: |d-ra tekhn. nauk: 05.05.10 [Scientific principles of designing
auc. ... A-pa TexH. Hayk: 05.05.10. Kuis, |sewing machines with adjustable material feed]. Kyiv. 411 p.

2000. 411 c. [in Ukrainian].
2. Korobchenko, Ye. O., Horobets, V. A., & Krykun, Ye.

2. Kopobuenko €. O., Topobeus

B. A., Kpuxyn €. Iligsumenns |(2024). Pidvyshchennia yakosti protsesu peremishchennia
AKOCTI npoimecy nepemimenns |materialu na shveinykh mashynakh [Improving the quality of
in sewing machines].
Texnonozii ma inocunipunz. 2024.|Tekhnolohii ta inzhynirynh — Technologies and Engineering,

MaTepiany Ha mBelHMXx Mamwuuax.|the material

T. 3, Ne 20. C. 31-46.

66 / Inoycmpis moou. Fashion Industry. 2026. Ne 1

movement process

3(20), 31-46. [in Ukrainian].



ISSN: 2706-588X; e ISSN: 2706-5898

3. Topobeus B. A., IBopxak B. M.
Po3pobka i cuHTE3 HOBOTO MEXaHi3My
TpPaHCHNOPTY MBeHHOT MAMIUHU. BicHuk
Kuisecvroeo HAYioHANIbHO2O
YyHigepcumemy mexHonoziu ma
ouzauiny. Cepisn: Texniuni nayku. 2018.
Bun. 5. C. 33-39.

4. Topobeunr B. A., Manoiinenko O.
II. MMpoexTtyBanHs mnpodimo pobdodoi
MOBEPXHI TPaHCHOPTYWYHX OpPraHiB
mBeHHUX MamwuH. Bicnux Kuiécvkozo
HAYioHANbHO2O yHigepcumemy
mexnonoeiu ma ousauny. 2009. T. 2,
Ne 46. C. 7-9.

5. Faizur R. M. et al. Impact of modified feed
mechanism on seam quality of garments. Annals of
the University of Oradea. Fascicle of Textiles,
Leatherwork. 2023. Vol. 24, Iss. 1. P. 89-96.

6. CeniBoHYHK L C. Po3poOka
TPAHCIOPTYIOUMX OPraHiB  IIBEHHMX  MAIIHH:
mac. ... kaHa. texd. Hayk: 05.02.13. Kui, 1994.

173 c.

7. Robak D. A model of fabric transport in a
sewing machine using a feed dog covered with a
supple material of increased friction. Fibres &
Textiles in Eastern Europe. 2002. Vol. 8, Iss. 3 (38).

8. Jucien¢ M., Vobolis J. Influence of fabric
external friction force and certain parameters of a
sewing machine upon stitch length. PES. 2004.
\ol. 1. P. 100.

9. Kopobuenko €. O., TopobGeur B. A.
Po3poOiieHHsT HOBOTO  CIOCOOY  TMEpeMilIeHHS
MaTepiajiB Ha MBeWHiH MammHi. Cunepein HayKu i
Oi3Hecy 'y NOBOEHHOMY BIOHOGNEHHI pelioHis
Yipainu: mamepianu Il Mixcnapoonoi naykoeo-
npaxkmuunoi kongpepenyii (24-26 ksitas 2024
poky). Onmeca: Ongit, 2024. C. 184-188.

10. KopobGuenko €. O., Topobeup B. A. Ananiz
npouecy IepeMillleHHs Mmarepiaiy. Mexamponni
cucmemu. IHHOGayii ma  ITHIICUHIpUH2: me3u
odonosioetl VIHI Mixcnhapoonoi  Haykoo-
npaxmuunoi  xkongepenyii. Kui:  KuiBchkuii
HaI[IOHAJILHUH  YHIBEpCUTET  TEXHOJOTIH  Ta
nmuzaiiny, 2024. C. 71-72.

11. Kopobuenko €. O., T'opobeupr B.
A. ExcnepuMmeHTansHEe BU3HAYCHHSA
CHJIM KOPHCHOTO ONOpPYy HEepeMimeHHS

MartepianiB Ha MBEHWHIN MaliuHi.
Haykosi nomamku. 2025. Bun. 82.
C. 16-21.

12.Meeker D. Finite Element Method
Magnetics. URL: https://www.femm.info/
wiki/Documentation (nara 3BEpHEHHS:
10.08.2025).

13.BacekoBchkuii JO. M., Taiigenxo 0. A.,
IuBiHCHKUH C. C. Buxopucranus
KOMIT FOTEPHUX CHCTEM MaTeMaTUIHHUX

po3paxyHkiB MATLAB ta FEMM nns ananizy
ENIEKTPUYHUX MaIluH: HaBd. moci6. Kuis: KIII
iMm. Irops Cikopcbkoro, 2022.

3. Horobets, V. A., & Dvorzhak, V. M. (2018). Rozrobka i
syntez novoho mekhanizmu transportu shveinoi mashyny
[Development and synthesis of a new transport mechanism for
a sewing machine]. Visnyk Kyivskoho natsionalnoho
universytetu tekhnolohii ta dyzainu. Seriia: Tekhnichni nauky —
Bulletin of the Kyiv National University of Technologies and
Design. Series: Technical Sciences, 5, 33—-39 [in Ukrainian].

4. Horobets, V. A., & Manoilenko, O. P. (2009).
Proektuvannia profilu robochoi poverkhni transportuiuchykh
orhaniv shveinykh mashyn [Design of the working surface
profile of the transporting organs of sewing machines]. Visnyk
Kyivskoho natsionalnoho universytetu tekhnolohii ta dyzainu —
Bulletin of the Kyiv National University of Technologies and
Design, 2(46), 7-9 [in Ukrainian].

5. Faizur, R. M. et al. (2023). Impact of modified feed
mechanism on seam quality of garments. Annals of the
University of Oradea. Fascicle of Textiles, Leatherwork,
24(1), 89-96.

6. Selivonchyk, I. S. (1994). Rozrobka transportuiuchykh
orhaniv shveinykh mashyn: dys. ... kand. tekhn. nauk: 05.02.13
[Development of transporting organs of sewing machines].
Kyiv. 173 p. [in Ukrainian].

7. Robak, D. (2002). A model of fabric transport in a
sewing machine using a feed dog covered with a supple material
of increased friction. Fibres & Textiles in Eastern Europe,

8(3(38)).
8. Juciené, M., & Vobolis, J. (2004). Influence
of fabric external friction force and certain

parameters of a sewing machine upon stitch length.
PES, 1, 100.

9. Korobchenko, Ye. O., & Horobets, V. A. (2024).
Rozroblennia novoho sposobu peremishchennia materialiv na
shveinii mashyni [Development of a new method of material feed
on a sewing machine]. Synerhiia nauky i biznesu u povoiennomu
vidnovlenni rehioniv  Ukrainy: materialy Il Mizhnarodnoi
naukovo-praktychnoi konferentsii (24-26 kvitnia 2024 roku)
(pp. 184-188). Odesa: Oldi+ [in Ukrainian].

10.Korobchenko, Ye. O., & Horobets, V. A. (2024).
Analiz protsesu peremishchennia materialu [Analysis of the
material feed process]. Mekhatronni systemy: innovatsii ta
inzhynirynh : tezy dopovidei VIII Mizhnarodnoi naukovo-

praktychnoi konferentsii (pp. 71-72). Kyiv: Kyivskyi
natsionalnyi universytet tekhnolohii ta dyzainu [in
Ukrainian].

11. Korobchenko, Ye. O., & Horobets, V. A. (2025).
Eksperymentalne  vyznachennia syly korysnoho oporu
peremishchennia materialiv na shveinii mashyni [Experimental
determination of the useful resistance force of material
movement on a sewing machine]. Naukovi notatky — Scientific
Notes, 82, 16-21 [in Ukrainian].

12. Meeker, D. (n.d.). Finite Element Method Magnetics:
dokumentatsiia  [Finite Element Method Magnetics:
documentation]. URL: https://www.femm.info/wiki/
Documentation (accessed on: 10.08.2025).

13. Vaskovskyi, Yu. M., Haidenko, Yu. A., & Tsyvinskyi,
S. S. (2022). Vykorystannia kompiuternykh  system
matematychnykh rozrakhunkiv  MATLAB ta FEMM dlia
analizu elektrychnykh mashyn: navch. posib. [Use of computer
systems of mathematical calculations MATLAB and FEMM
for the analysis of electrical machines]. Kyiv: KPI im. Ihoria
Sikorskoho [in Ukrainian].

Inoyempis moou. Fashion Industry. 2026. Ne 1/ 67


https://www.femm.info/%20wiki/Documentation
https://www.femm.info/%20wiki/Documentation
https://www.femm.info/wiki/%20Documentation
https://www.femm.info/wiki/%20Documentation

ISSN: 2706-588X; e ISSN: 2706-5898

IHAYCTPIA MOAU
Komn’torepHuii Habip Ta MaKeTyBaHHS KPMUBOHOC Ornena
BignosizansHui peakTop PEJIBKO fna
BignosigansHuii 3a momirpadivyHe BUKOHAHHS OBEYKIHA Jlimis

[Tiam. mo npyky 09.04.2026. ®opmar 60x84 1/8.
VM. apyk. apk. 7,9. O6mik. Bug. apk. 6,18. Hakmag 100 mp. 3am. .

Bunagens 1 BuroroBmoBay KuiBchkuii HaIllOHANBEHUIN YHIBEPCUTET TEXHOJOTIHN Ta qU3aiHy.
ByJ. Mana IllusiHoBchKa, 2, M. Kuis, 01011, Ykpaina.

CB1IOIITBO PO ACpKaBHY peecTpartito ApykoBaHoro 3MI:
Cepist KB Ne23909-13749P Bin 19.04.2019 p.

Kypnan 3apeectpoBaHo sik cy0’ekT y cdepi ApykoBaHuX Mmenia — ineHTudikarop R30-07201
(Pimenns Hamionansnoi Pagu Big 09.04.2024 p. Ne1033).

CBiIOIITBO PO BHECEHHS Cy0’€KTa BUIABHUYOI CITPABH JIO ICP>KABHOT'O PEECTPY BUIABIIIB,
BUTOTIBHUKIB 1 pO3MOBCIO)KYBauiB BUuaaBHU4O1I poaykiii JIK Ne 993 Bin 24.07.2002.

FASHION INDUSTRY
Computer Typesetting & Modeling KRYVONOS Olena
Executive Editor REDKO Yana
Responsible for printing OVECHKINA Liliia

Printing proof 09.04.2026. Format 60x84 1/8.
Conditional sheet 7.9. Calculated sheet 6.18. Circulation 100 copies. Order N .

KNUTD Instant Printing Department.
Mala Shyianovska Street, 2, Kyiv, 01011, Ukraine.

Certificate KB Ne23909-13749P Bin 19.04.2019 p.
Print media identifier R30-07201, 09.04.2026.

Certificate IK Ne 993, 24.07.2002.

68 / Inoycmpia moou. Fashion Industry. 2026. Ne 1



	Fig. 1. Dependence of plate temperature T 
	on parameter χδ ( 0’ – 5’ – tangents 
	to temperature curves 0 – 5)
	Характеристика основних матеріалів для устілок

