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IHOJINAKPUJIOHUTPUJIHN HAHOBJIAKHA

A. Ce3ait CAPAY
TY — UcranOymn, Typius

FUNCTIONALIZATION AND ULTRASONIC DYEING OF
POLYACRYLONITRILE NANOFIBERS

A. Sezai Sarac
Istanbul Technical University, Polymer Science & Technology,
Maslak,34469, Istanbul, Turkiye
sarac@itu.edu.tr

Abstract:

The physicochemical behavior of a polymer is fundamentally dictated by its backbone architecture and the
nature of its pendant groups, making post-polymerization functionalization a critical strategy for synthesizing
systems with optimized characteristics. While polyacrylonitrile (PAN) possesses excellent mechanical and
thermal resilience, its hydrophobic nitrile (-CN) groups and high crystallinity often impede dye penetration,
resulting in poor color retention. To overcome these limitations, researchers integrate additional monomers,
graft functional groups such as polyethylenimine (PEI), or utilize a two-stage hydrolytic activation . In the
latter approach, the electrophilic carbon center of the nitrile group is subjected to a progressive nucleophilic
transition within a controlled alkaline environment. Spectroscopic analysis confirms that these groups hydrate
into intermediate amides (-CONH?2) before converting into negatively charged carboxylate (-COO-) sites.

This multi-step hydrolysis significantly increases the polymer s hydrophilicity and negative surface charge,
turning a hydrophobic material into an anionic substrate suitable for heavy metal adsorption or enhanced
dyeability. These carboxylate sites serve as high-affinity docking points for cationic dyes, facilitating strong
ionic bonding rather than simple physical coating. To ensure deep dye penetration into these dense nanofibers
meshes, advanced processing technologies like ultrasonic-assisted dyeing are employed, utilizing cavitation
effects to preserve fiber integrity. Furthermore, precise control of parameters, such as maintaining a tempera-
ture of approximately 80°C, is essential to open the fiber microstructure while preventing the degradation of
mechanical properties. By integrating these surface modifications with advanced techniques, it is possible to
develop functionalized PAN nonwoven textiles with good color fastness and scalable application potential.

Keywords: Polyacrylonitrile (PAN), Nanofibers, Nitrile Hydrolysis, Cationic Dyeing, Surface Activation
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1. Introduction and Chemical Modification
Principles

Polyacrylonitrile (PAN) is a cornerstone polymer
widely utilized in the production of high-perfor-
mance technical yarns and electrospun nanofibers
due to its excellent carbon yield, thermal stability,
and mechanical strength. In membrane technolo-
gies (such as ultrafiltration), PAN is traditionally
classified as a moderately hydrophilic or low-foul-
ing polymer owing to the presence of polar nitrile
(—C=N) groups within its molecular chain. Howev-
er, this inherent water affinity is often insufficient
for advanced engineering applications, necessitating
surface modification strategies—such as blending,
plasma treatments, or chemical grafting—to en-
hance surface energy and wettability.

The high density of surface nitrile groups poses
a distinct challenge for conventional aqueous col-
oration processes, as their hydrophobic nature and
tightly packed semicrystalline structures act as a
barrier to dye diffusion (1). Traditional immersion
dyeing often yields poor dye exhaustion and sur-
face-only staining that lacks washing durability (2).
Consequently, developing precise surface modifica-
tion techniques that introduce reactive dyeing sites
without degrading the underlying polymer backbone
is essential for developed functionalized textiles.

The chemical conversion of PAN from an inert
matrix to a highly dyeable substrate typically pro-
ceeds via a multi-step alkaline hydrolysis process
(3). When exposed to a strong base (such as NaOH)
under controlled thermal conditions, the electrophil-
ic carbon of the nitrile group undergoes progressive
nucleophilic attack (4). This hydrolytic pathway
proceeds through a systematic transition:

* Hydration Phase: The nitrile group (—C=N)
is first converted into an intermediate amide group
(—CONH.>). This stage is generally characterized by
a localized decrease in polymer crystallinity and an
initial boost in water affinity.

*Conversion Phase: Continued alkaline ex-
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posure transforms these intermediate amides into
negatively charged carboxylate groups (—COO-).
This transition introduces permanent ionic anchors
throughout the accessible polymer matrix, sub-
stantially increasing hydrophilicity and promoting
swelling in aqueous solutions (3, 5) (Figure 1)

. éf: OYNHZ
TLCHg h = . 5 1LCH.;CH J;

\

0. 0

Y
*TLCHE CH}\*

n

Figure 1. Initial hydration step transforms the nitrile

groups (Hydrophobic/Inert) into intermediate amides

(Intermediate), and further converted into carboxylate
groups (-COO-) (Hydrophilic/Anionic).

To prevent the structural “melting,” fusion, or
complete degradation of delicate nonwoven electro-
spun fiber webs, the extent of this chemical trans-
formation should be monitored. The progress of
the reaction is quantitatively tracked using Fouri-
er-Transform Infrared (FT-IR) spectroscopy, where
successful modification is verified by the reduction
of the sharp nitrile stretching vibration at 2240 cm—!
and the concurrent emergence of a broad carbonyl
(—C=0) peak near 1730 cm—" (5, 7).

Alternatively, researchers can bypass oxygen-based
hydrolysis entirely through the structural integration
of comonomers or via specialized chemical grafting.
For example, functionalizing the polymer backbone
by copolymerizing acrylonitrile (AN) with methyl
acrylate (MA) and a cationic third monomer, such as
2-aminoethyl methacrylate hydrochloride (AMA),
creates high-affinity docking frameworks reactive
toward anionic dyes (such as C.I. Reactive Red 2)
(Figure 2).
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Figure 2. Anionic dye (CI- Reactive Red 2)
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Similarly, grafting branched polymers like poly-
ethylenimine (PEI) provides an alternative pathway.
The amine groups of the PEI molecule act as strong
nucleophiles that attack the hydrolysed nitrile car-
bons, generating a branched, nitrogen-rich architec-
ture. PEI’s primary and secondary amines act as nu-
cleophiles to attack the electrophilic carbons on the
pre-hydrolyzed PAN chains .This architecture es-
tablishes a highly dense population of positive ionic
anchors suitable for coordinating a broad range of
chemical dyes (6).(Figure 3)

i /\/NH+_
+ 3
N(\NHS N(‘\ﬁ H
+
H3N"\/ \./\H/\./ \/J/\_/ \'/\NH;
N

- -n

Partially protonated PEI

Figure 3. Partial protonation of polyethylenimine

2. Dyeing Mechanisms and Wastewater Remedi-

ation Applications
2.1 Cationic Dyeing

Once the surface nitrile groups of PAN are convert-
ed into anionic carboxylate sites, the fibers exhibit
excellent affinity toward cationic (basic) dyes. The
underlying coloration mechanism relies on robust
electrostatic attraction, where the positively charged
chromophore of the basic dye (D+) forms a durable
ionic bond with the negatively charged carboxylate
site (—COO—) on the modified polymer chain (8).
(Figure 4)
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Figure 4.Possible electrostatic interaction between Hy-
drolysed PAN & Methylene Blue ( Basic Blue 9)
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These localized ionic linkages provide signifi-
cantly higher wash- and light-fastness compared to
the weak Van der Waals forces relied upon during
disperse dyeing of untreated polymers.

The physical architecture of the textile substrate sig-
nificantly influences the kinetics of both chemical
activation and subsequent dye diffusion:

 Nanofibers: Because electrospun mats fea-
ture an enormous surface-area-to-volume ratio and
high porous network density, the dye molecules
reach active surface sites almost instantaneously.
However, this high morphological sensitivity re-
quires a lower concentration of alkali during the ini-
tial hydrolysis step to preserve structural web integ-
rity.

» Twisted Yarns: In compact, twisted PAN
yarns, the chemical modifiers and dye liquors must
penetrate deep into inter-fiber microspaces. The twist
density directly limits the rate of chemical diffusion,
requiring supplementary energy to achieve uniform
coloration. To facilitate deep dye penetration with-
out compromising fiber tensile strength, ultrasonic
energy can be applied at elevated temperatures (e.g.,
80°C). Sonication temporarily swells the polymer
microstructure, resulting in high color yields (K/S
values) even at low surface conversion levels (less
than 15%) (9).

2.2 Anionic Dye Adsorption and Environmen-
tal Remediation
Beyond textile coloration, amine-functionalized

503 Na

OH
NaOﬁ—@NZN N=N | |

NaQ,8 NN

SO4Na

PAN nanofibers serve as exceptional adsorbents
for environmental remediation, particularly for the
removal of anionic dyes from industrial wastewa-
ter (10). Electrospun PAN nanofiber webs can be
chemically modified using various amine-contain-
ing compounds, including diethylamine (DEA), di-
ethylenetriamine (DETA), and triethylenetetramine
(TETA).

Attenuated Total Reflection (ATR) spectrosco-
py confirms that these amine groups successfully
graft onto the fiber surface by reacting with the ni-
trile groups of PAN to form stable amide linkages.
Atomic Force Microscopy (AFM) and Scanning
Electron Microscopy (SEM) indicate that this func-
tionalization increases surface roughness and intro-
duces a highly intertwined fiber morphology driven
by crosslinking.

Despite these structural alterations, the function-
alized PAN (FPAN) nanofibers exhibit exceptional
adsorption capacities for anionic model compounds,
such as Direct Red 80 and Direct Red 23 (Figure
.5) The total dye uptake is governed by operating
parameters including initial pH, adsorbent dosage,
contact time, and initial dye concentration. Equilib-
rium studies indicate that the adsorption behavior
conforms to the Langmuir isotherm model, while
the kinetic pathways adhere strictly to pseudo-sec-
ond-order kinetics, rendering FPAN a highly scal-
able candidate for industrial wastewater treatment.

N303S

o

OH

Direct Red 80

OH
s
SOW:
NaO0,S N-C-N

H H

OH
' ' :N=N—©—NHCOCH3
‘ ‘ SO4Na

Direct Red 23

Figure 5. Anionic dyes ( Direct Red 80 and Direct Red 23)
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3. Conclusion

The conversion of inert nitrile groups into active
ionic sites fundamentally transforms the surface
functionalization of polyacrylonitrile substrates. By
shifting the material from a hydrophobic state to a
highly hydrophilic state with controllable zeta po-
tentials, surface modifications open new pathways
for advanced coloration and environmental appli-
cations. Combining precise chemical hydrolysis or
amine grafting with auxiliary techniques like ul-
trasonic processing provides an efficient, scalable
framework for producing vibrant, durable function-
al textiles and highly efficient wastewater treatment
membranes.

TEXTILE AND GARMENT MAGAZINE
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2I/IHCTI/ITyT I1o O6Hla U HCOpPpraHn4YHa XUMUS — B’bJIFapCKa dKaJaACMHUA HAa HAYKHUTC

CELLULOSE-BASED BIOCOMPOSITE MATERIALS
COMBINING METAL PARTICLES AND BIOACTIVE

COMPOUNDS: A REVIEW

Maria Sabeva’, Darina Zheleva', Albena Bachvarova-Nedelcheva?
'University of Chemical Technology and Metallurgy, Department of Textile,

Leather and Fuels

*Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences

mariasabeva.r@gmail.com

Abstract:

Innovations in the production of biomaterials
and textiles are particularly important for im-
proving the healing process of acute and chron-
ic wounds. An interdisciplinary approach to the
production of medical textiles enhances their
properties and broadens their scope of applica-
tion - drug delivery, moisture control, infection
prevention, and real-time monitoring are just
a few of the many purposes for which modern
wound dressings can be used.

Different manufacturing techniques offer dis-
tinct advantages that make them more suitable
for superficial or deeper wounds. Electrospin-

ning is widely used to produce nanofibers that mimic the extracellular matrix, while weaving is employed
to create a mechanically stable and flexible material. Some nonwoven wound dressings are chosen for their
ability to adhere easily and securely to the wound.

Various additives and combinations of materials used in the manufacture of antibacterial dressings have been
reported in the literature [1-4]. Among these, nanoscale metal oxides, particularly ZnQO, stand out. The com-
bination with gelatin, which provides a stable matrix resembling the extracellular matrix, has been shown to
exhibit antibacterial activity against Gram-positive and Gram-negative bacteria (E. coli and S. aureus), as the
zinc oxide particles generate and release superoxide radicals (-O:") [1]. Other biologically active substances
also play a key role in making wound dressings effective in preventing infections. The antibacterial properties
of hybrid materials containing chamomile [4] have been studied, as well as those containing a combination

of ZnO and propolis [5].
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Compounds in
chamomile like
bisabolol and
chamazulene have anti-
inflammatory activity
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YBona:
WNHuoBanuuTe B IpOU3BOACTBOTO HA OMOMaTepUaIH
Y TEKCTUJI ca OT 0COOCHO 3HAYCHHE 3a T0J00psIBaHE
Ha 3a3/IPaBUTEIHUAT MPOIIEC HA OCTPU U XPOHUYHU
paHu.

WHTepIUCIIUIIIMHAPHUAT — TOIXO  KBbM

MPOU3BOJCTBOTO  HAa  MEIUIMHCKH  TEKCTHII
nmogoOpsiBa HETOBUTE CBOMCTBA W pa3lIMpsBa
obmactTa My Ha TpPUIOKEHHE - JIOCTaBKa Ha
JIEKapCTBa, KOHTPOJI Ha BIAXKHOCTTA, IIPEBEHIIHS HA
MHQEKIMH 1 MOHUTOPHHT B PEATHO BpEMe, ca CaMo
9acT OT MHOTOOpPOIHHUTE IIeNH, 32 KOUTO MOXeE J1a
CITy’)KH ChBPEMEHHATa PEeBPbH3Ka 32 PaHH.
Pa3znuyuute TEXHUKH Ha MMPpOU3BOACTBO HMAT
pa3IMYHM MPEAUMCTBA, KOUTO THU TMPaBAT IIO-
MOAXOMASAIIN 33 TIOBBPXHOCTHH WM TO-TBJIOOKH
panu. ENeKTpoOBIaKHIBAHETO IHUPOKO CE U3II0JI3BA
32 TPOM3BOJICTBOTO HA HAHOBIAKHA, MMHTHPAILIU
M3BBHKJIEThUHATA MATPUIIA, & THKAHETO Ce Mpujiara
3a MOJTy4aBaHETO HAa MEXaHWMYHO CTA0WIICH U I'bBKAB
Matepuai. Hsakou HeThbKaHU MPEBPBH3KH ce n3bupar
3apajii COCOOHOCTTA UM Jia c€ (PUKCHUpaT JIECHO U
CUT'YPHO BbpPXY paHara.
Paznuuynn 106aBKu ¥ KOMOWHAIIMU OT MaTepUany,
KOUTO  ce

mnmpujaarat HOpd  HU3rOTBSAHCTO Ha

aHTUOAaKTepUaJIHU TPEBPB3KU, ca JIOKJIaJBaHU
B Jmteparypara [1-4]. Cpen TiIX ce OTKposBar
HaHOPAa3MEpPHU METAJHU OKCUIH,

Z/n0O. KomOunammsgara ¢

B YaCTHOCT
JKeJIaTUH,  KOMTO
ocUrypsiBa CTaOWiHA MaTpHIA, HarmoaooOsBala
eKCTpalleTylapHUusi MaTpUKC, € JI0Ka3aHo, ue
MPOSIBSIBA aHTHOAKTEPUAITHO JICHCTBUE CPEILY IPam-
MOJIOKUTENIHU U TpaM-oTpunarenHu 6axrepuu (E.
coliu S. aureus), Thi1 KaTO YACTUITUTE IIMHKOB OKCH/T
Ch3/1aBaT U OCBOOOXKIABAT CYNIEPOKCUTHU PaJUKAIIN
(-O2-) [1]. OTkposiBaT ce u Apyrd OUOJOTUYHO
aKTUBHHU BEILECTBA, KOUTO MPABAT NPEBPH3KUTE
3a paHu €(EKTHBHH B MPEBEHIUATA HA MH(EKIIHH.
W3cnenBanu ca aHTHOaKTEpUaTHUTE CBONCTBA Ha
XUOpUIIHA MaTepuaid, ChIbpXKaIlu Jakka [4],
KaKTO M Ha TaKWBa ChIbpPXKAIIM KOMOWHAIUS OT

ZnO u npononuc [5].
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IIpeBpb3kH 32 panu. Xuaporeaose:

PannTe ce xapaktepusupar KaToO HAapyLIEHUE B
LJI0CTTA HAa ENMUTENIHATa MOKPUBKA HA KOXKAaTa WIN
JUraBUIaTa B pE3yNITaT Ha PU3NIECKO WIIA TEPMHUYHO
Cnopen
€CTECTBOTO Ha O3IPABUTEIHUSA IIPOLEC, DPAHUTE

yBpEXKJIaHe. HOPOIBIKUTEIHOCTTa U
Cce KaTeropuzupar Karo OCTPU U XPOHHYHHU [6-
8]. Pa3paboTeHn ca pa3nUYHU THIIOBE MPEBPBH3KH
3a paHu. Bwopeku ToBa, JMIICBa OTIMYaBall ce
MPONYKT, KOWTO Ja TMpeiara aHTHOAaKTepuasHa
cpena, KOATO Ja € TMOJIXOJsIa 3a YCIEUIHOTO
JIeYeHUEe Ha XPOHUYHHU paHU KaTo SI3BU, paHU OT
nuabeT, KakTo U AbJI0oku panu [7]. HapymaBaneto
Ha HOPMaJIHMS MPOLIEC Ha 3a3JpaBsBaHe Ha paHUTE U
o0pa3yBaHETO Ha XPOHUYHH, TPYIHO 3a3paBsiBaILU
paHM, KakTO ¥ TpaBMaTH4YHaTa TOAMSHA Ha
KOHBEHIIMOHAJIHU TEKCTUJIHM TNPEBPB3KH ca Haii-
YeCTUTE NPUYMHHU 3a BIOIIABAHE Ha KaueCTBOTO
Ha kuBOT Ha manueHture [9,10]. Xunaporenosere
ca U3KIIOUUTENTHO TEPCIEKTUBHU 3a MPHUIIOKEHUE
KaTo MPEBPB3KU 33 paHU MOPATU CBOUTE OTIMYHU
OMOXMMUYHHU U MCXaHUYHU cBO#cTBa [11].
XuAporesTHUTE NIPEBPB3KHU ca BOJICIIN B IpHKaTa
3a paHU MOpaJu CHOCOOHOCTTAa UM Ja MOIIbpKaTr
BJIaXHA Cpela W Ja HamaisBar Oojikara, HO
HACTOSIIUTE MAa3apHU pELIeHHs BCE OIlle cpemiar
MPEYKH KaTo BHMCOKa IleHAa U ciiaba MeXaHUYHa
crabunnoct [12]. Bbhopeku Te3u IMMUTHpAIIU
¢bakTopu, (byHKIMOHATHU
XHUJIPOTEJIHU NMPEBPH3KU € OT KJIIOYOBO 3HAYCHHE 32

pa3paboTBaHETO Ha

CIIPaBAHCTO C XPOHUYHHU CYXHU WJIN CICAONCPAaTUBHU
PpaHH, KaKTO U TaKHUBa, IPUIUHCHU OT U3rapsAHC.
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CXEMA 3A U3BOP HA MNPEBPBb3KA 3A PAHU: KIIMHUYEH AJITOPUTBM

CYXAPAHA/ XWAPOrENOBE
HEKPOTWYHA PAHA & . g,ﬁmaa,
» @ + YenoKoseaT Gonkara -
* MpHNoMeHnA: XPOHHYHM paHu, Marapanua
— 2. DuEHKA HA + Mpepynpempenne: Bucoka uexa, cnata crabunHocT
BNAXHOCTTA YMEPEH EKCY/IAT XWPOKOJIONAHM W NEHK
(U3THYAHE) > ' + OBnaxHABar QO
(7 CO * MoAAbPXaT BNAXHA Cpeaa
(_-) = ABcopGupar
@ « Mpunoxenus: 06lua rpuxa
« Mpepynpempesne: Bucoka uea, cnaba crabunnoct
ANTMHATHU NPEBPB3KK
1. OLLEHKA L L > * MskniowuTento abeopbrpaiym
HA PAHATA * Knunnyno noxazanme: Junbokn gedexty,
oy 3. OLLEHKA HA Hyxen Apenax
CTPYKTYPATA
MOBBLPXHOCTHA (=>-, CYXWNPEBPb3KW W NPO3PAYHI GUIMH
> -
PAHA 1 ALITA '. - Jaura 0T KOHATa Cpega
* KnuHuuHo nokasanwe: MOBLPXHOCTHH Paku,
Ha6niopexne
PUCK OT MHOEKLLWA (AA)

> 4. OLIEHKA HA
MHOEKLIMATA

Y

AHTUBAKTEPUANHU NPEBPbH3KK
* AHTHCENTMYHH MONEKYAH,
g é MeTanHM HaHOYACTHLM, AHTHEHOTHLM

+ Mpunomenna: MHDEKTHPAHK paHm

@Duzypa 1. Cmvnku 3a u360p Ha NPedpv3Ka - uzoopadicerue, eenepuparno ¢ nomowma Al (Gemini)

LnHKOB OKCHI KATO AHTHOAKTEPHAJIEH areHT
3a NpeBPb3KHU 32 PaHU:

HaHokoMNO3UTHU ChEAMHEHUS KAaTO METaIHU
COJIM ¥ METAJHM OKCHUIM IpUTEXaBaT OINpeesieHa
AKTUBHOCT CpEILy HKOU 100pe MO3HaTH NaTOr€HHU
MUKpoopranu3mMu. Mertamau okcuam kato TiO2,
Zn0O, MgO u CaO ca oT ocobeH uHTepec mopaau
TAXHATAa CTAOWJIIHOCT W Karo IUI0 Ca CYUTAHU
3a 0e30MacHU MaTephald 3a Xopa M JKUBOTHH.
MeTtanHuTe HAaHOUYACTHIIM CE€ XapaKTepu3upar c
HaJU4Me Ha MO-ToJisiMa KOHTAKTHAa MOBBPXHOCT, B
pe3ynrTaT Ha KOeTO ce pa3TBapsAT Mo-0bp30 B JAaJeH
pa3TBOp B CpPaBHEHHE C IMO-TOJEMHUTE YaCTHIIH,
OTAENANKHN CJEeI0BATEIHO MO-TOJSIMO KOJIUYECTBO
METaJHU HOHHM, a OT TaM M AaHTUMHUKPOOHUS HM
edekT e no-cuiieH. [Ipyro TIXHO MPETUMCTBO €, ue
JIECHO C€ BrpaXkJaT B IMOJIMMEPHHUTE MATPHUIM Ha
BJIaKHATa. YCTAHOBEHO €, 4e aHTHOaKTepHaaHara
AKTUBHOCT € 00paTHOMPOINOPIMOHAIHA Ha pa3Mepa
Ha HAHOYACTHIIMTE, T.€. KOJKOTO HAaHOYACTHUIUTE
ca C MO-MaJIbK pa3Mep, TOJKOBa € I10-BHCOKa
aHTHOaKTepuaIHaTa UM akTUBHOCT [13].

Cpenpa3aMuHuTE METAIHU OKCUIU, HAHOYACTHUIIN-
Te ZnO, KOUTO MPOsBABAT e(PEeKTUBHA OAKTEPULIUIHA
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akTUBHOCT cpeury [pam-nonoxurennu u ['pam-

OTPUIIATETTHM TATOTeHU, KAKTO © OakTepuu
YCTOMYMBH Ha BHCOKO HalsraHe | TOIUJIMHA,
ca UIMPOKO W3MOJ3BAaHU KaTO AaHTUMUKPOOHU
areHtu. M3cnenBanu ca HSAKOW aHTHOAKTEPHATHU
MEeXaHU3MH, a UMeHHO: ZnO MOXe Ja ce CBbPXKE C
KJIeThbuHaTa MeMOpaHa 1 J1a MpeIn3BHKa MOBUIIIEHA
MPOIMyCKIMBOCT Ha MeMmOpaHara W KJIEThYCH
msuc. OcBeH ToBa, 0CBOOOAECHUTE IIUHKOBU HOHU
MoOrar Ja CTUMYJIUpaT pacTexa Ha pudpobdracTure
W MUTpalusITa Ha KEPaTUHOLUTUTE, KaTo TIO0
TO3M HAUMWH TMOAOOpSBAT BB3CTAHOBSBAHETO Ha
ThKaHUTE 110 BpEME Ha 3a3paBSIBAHETO HA pPaHHU.
Otpunarennure 3apsan Ha ZnO Morar ja Bis3ar
B KOHTAKT C TIOJOXXUTEIHUTE TOBBPXHOCTHH
3apsau Ha OakTepuaiHaTta KieThbyHa cTeHa [14,15].
BrirouBaHe Ha HAHOYACTUITUTE OT ITUHKOB OKCHI
B MAMyYHH THKAaHU C€ HM3MOJ3Ba 32 yBEIMYaBaHE
AHTUMHUKpPOOHATa CIOCOOHOCT HA MPOU3BEKIAHUTE
WA HEThKaHU XUTUEHHU TTPOayKTH [13].
MexaHu3MuTe Ha aHTUOAKTEpUATHO JEUCTBUE
Ha ZnO

0000ILIeHN 1O CJEAHUS HAuUH: YBPEXKIAaHE Ha

HAHOYACTUIIMUTE Morar Jjga Obaar

KJI€Thb4YHaTa MeM6paHa; CBBpP3BAHC C HNPOTCHUHHU

CNMUCAHUE “TEKCTWUI U OBJEKIIO”
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n JIHK; renepupane Ha peakTHBHHU KHCIIOPOIHU
(ROS);
Ha Oakrepuanna JIHK ammimdukamms (toBa €

BUJIOBE HapylllaBaHe Ha IMPOLIeCUTe
MPOLIECHT HAa Ch3]aBaHE HA KOMUSI HA OIIPE/ICIICH I'eH,
M3MOJI3BAiKK BEpHKHA PEaKIlHs Ha MojuMepasa) u
MPOMsIHA; YECTO TMOHI)KaBaHE Ha EKCIPECHUsiTa Ha
LIIUPOK CHEKTHP OT T'€HH (EKCIpecHusi € MpOLECHT,
Ipy KOWTO HaciencTBeHara MH(popMalus B TreHa,
MOCIIeIOBAaTeIHOCTTa OT ABoMkm Oasm Ha JIHK,
Ce TpeBpbIla BbB (PYHKIMOHAICH T€HEH MPOAYKT,
Harmpumep Oenrpk wimm  PHK). [16] Koraro
OakTepuuTe BIA3aT B KOHTAKT C HAHOYACTUIIM
OT pa3jIMYHd METaJHH OKCHIU, ce oOpa3yBar
peaktuBHU kuciopoaHu BugoBe (ROS). Ocsen, ye
MOTUCKAT OMNpPENENICHH €H3MMH, METAIHUTE HOHH,
reHepUpaHu OT HAHOYACTUIUTE, BIMUSAT BBPXY
auxaTtenHaTta Bepura. ToBa BoaM 10 oOpasyBaHe U
MOCJIE/IBAINO HATPYIBaHE HA CHUHIVIETEH KHUCJIOPO,
XUAPOKCUIIHU PaJNKaIN, BOJOPOACH MEPOKCHUII U
CYNEPOKCUHU aHUOHU, KaKTO U JPyTU PEaKTUBHU
kuciopoguu suaose (ROS). Iporennure u JJHK B
OakTepuaHaTa KJIETKa ca MOJATINBU Ha YBpEXKIaHE
ot ROS. [16].

Ha 6a3a noknanBanute B JuTeparypara JaHHH,
koHueHTparuu Ha MIC (MuHMMaHA UHXHOUpaIa
KOHIIGHTpalus) 3a HaHodactuuute oT ZnO
oOXBalar MHOTO IIUPOK JUama3oH: oT ~5 ug/
mL 1o >60 mg/mL, xaro MOBEYETO XUMUYECKU
cuHTEe3upaHu HaHodacTuI| ot ZnO (¢ pazmepu 10—
50 nm) nokasBar croitHoctu Ha MIC B auanaszona
~25-128 pg/mL cnpsimo 4yBCTBUTENTHH OAKTEPHU.
Konkpernara croitHoct Ha MIC 3aBUCHM OCHOBHO
OT pa3Mepa Ha 4YacTUIIMTE, IieJieBata OakTepus,
MOBBPXHOCTHU MOAM(HUKAIIMN U METOJAa Ha CUHTE3
[17-19].

TekcTH/IeH MaTepuaJl KaTo NMPeBPb3Ka:

[enyno3HuTEe TEKCTUIHM BIAKHA Ca IIMPOKO
MpWJIaraHu B MEAULIUHCKH TEKCTHJIHU H3AENus:
MPEBPB3KH 332 PaHM; 332 TPaHCAEpMalIHa JOCTaBKa
Ha JICKapCTBEHU Npernapary; ChIIO Taka U Karo
KO3METHUYEH TEKCTHJI 3a JIOCTaBsSHE J0 KoXara Ha
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mupoka ramMa ot BAB kakTo ¢ aHTUMHKpPOOHH, Taka
U C ApyTH OMOJIOTMYHO-aKTUBHH CBOMCTBA [20].
Henyno3nure Marepuaiu NpUTeKaBaT YHUKATHU
MEIWIIMHCKHN U JICUeOHN CBOWCTBA, KAaTO HAMPUMEDP
Oropa3rpagrMoCT,
no0pa
Hali-u3I0/13BaHaTa

HCTOKCHUYHOCT, MCKOTa,

abcopOIusi, XHUTpOCKONMMYHOCT. Te ca
CypOBHHAa B  TEKCTUJIHATa
MPOMHMIIUICHOCT, TOPaJX CBOWCTBA Karo YmoOCTBO
P HOCEHE,

I'bBKaABOCT, BOJAOIIOINIBIIACMOCT,

numiane. [lamyunure wm3menuss obade  umar
HEJOCTaThK, T.6. OCHUTYpsIBaT OlaromnpusiTHa cpena
3a pa3BUTHE Ha MHUKpoOu (OakTepuu, I'bOMUKH,
BOJIOpACIH, BUPYCH, MYXbJ, IUIECEH, JPOXKIU
U T.H.), TOpaau TrojsiMara CH TMOBBPXHOCT U
CIIOCOOHOCTTA Ja 3aabpiKaT Biara. PacTtexsT wim
T.Hap. mponudepalrs Ha MUKPOOPTAHU3MU BBHPXY
TEKCTUJIa TIPUYUHSIBA HA0Op OT HEXeNaHU e(eKTu
HE CaMO BBPXY CaMUs TEKCTHJI, HO ¥ BBPXY YOBEKa.
CwpBpeMEHHHTE MPEBPH3KU 32 pAHU UMAT HIKOU
roJIieMd  HEIOCTaTbhllM, BKJIIOYUTENHO  HHCKa
aObcopO1usi HA TEYHOCTH OT paHaTa, HUCKA 'bBKABOCT,
CKJIOHHOCT KbM IMPHWICNBAaHE KbM IMOBBPXHOCTTA
Ha paHaTa, ciaba MeXaHWYHa SKOCT WM JIMIcCa Ha
MTOJIXOJIATIA U BIIAYKHA CPeJia 3a 3apacTBaHEe HA PaHH.
B nombiiHeHue, o-rosiMara 4acT OT HACTOSIITUTE
MIPEBPBH3KHU 32 PaHU HE MPUTEKABAT AHTUMUKPOOHA
akTuBHOCT. OCBEH KaTo BBHIIHA abcopOupaia u
3alUTHA MPEBPBH3KaTa Ce U3IMOJI3BA U 3a JOCTaBKara
Ha Macia, JIOCHOHH, JIEKapCTBEHU AareHTd, KaTo
AQHTHCENTHYCH aJCOPOCHT W TMpPHU OKa3BaHE Ha
IbpBa MOMOIMI. XUPYPTUYECKUTE U JIPYTH Mapiiv
ocHUTrypsBar abcopOupaliy MaTepuay ¢ J0CTaTbuHa
SKOCT Ha OIThH 3a XHPyprHyecka mpeBph3ka. Mma
pa3NUYHU BHJIOBE, M3PAOOTEHU OT peXaBO THhKaHA
rnaMyyHa Mapis, KakTO M HETbKaHW TEKCTHIIHU
Marepuanu [13].
KenaruHbT KaTO MaTpUUa 3a XHAPOTeJTHH
NpeBPb3KU:
JKenaTuHbT €  HETOKCMYHA  €CTECTBEHA
OMOMaKpOMOJIeKyJa, ChCTaBeHa OT OHOAKTUBHU

MOJIUMIICIITUAH, ITOJTYUYCHH OT KOJIAI'CH OT )KUBOTHHCKA
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KOXa, KOCTU U ChbeIUHUTEIHN ThKaHH. JKelaTUHbBT
€ MPOTEHH, TOIYyYeH Ype3 YacTHUHA XUAPOIH3a Ha
ectecTBeHus: konareH. [lopamu cBosiTa yHHKanmHA
XUMHYHA W (U3MYHA [pHUpPOJA KEJTATUHBT Ce
M3II0J13Ba KaTO: HOCHUTEN Ha JIEKapCcTBa; MaTpuIla 3a
TPUU3MEPHA KJIEThYHA KYJITypa U KaTO KOMIIOHEHT
Ha CKeJle 3a ThKaHHO MHkeHepceTso [17,18].

XUMHUYECKU JKEIATHHBT IMPECTaBIsBA CMEC OT
MeNTUAU U MPOTEUHHU, 00pa3yBaHU MPH YACTUYHA
JECTPYKITUS Ha KoJlareHOBUTe GuoOpriin. OCHOBHHTE
AMHHOKHCEIIMHH, BIU3AII1 B ChCTaBa My, Ca: IIMLIUH
(=30%), mposuH U XUAPOKCUIIPONUH (<25%), KOUTO
OTpeNeNsIT CTAa0WIHOCTTa M CIIOCOOHOCTTAa 3a
oOpa3yBaHe Ha TPOWHA CcIIMpaiHa CTpyKTypa [21].

EnHo oT Hali-XapakTepHUTE CBOMCTBA HA JKEJIaTUHA
e crnocobHOCTTa My Ja oOpaszyBa TEPMOOOPATUMH
renose. [Ipu remneparypa nox 35°C xenaTuHOBUTE
pa3TBOpU C€ JKENMpar, a MPU HarpsiBaHE OTHOBO
ce BTe4yHsBaT. Ta3u OCOOEHOCT MO3BOJISIBA JIECHO
oopmsiHe Ha GUIMH, TOKPUTHS U MHUKPOYACTULIU
9pe3 KOHTPOJI Ha TeMIIepaTypara i KOHIIEHTPAIHSTA.
Karo Ouomarepuan KeIaTUHBT C€ XapaKTepu3upa
C HSKOJIKO OTIMYHTEIHH CBOMCTBA: €CTECTBEH
MONTUMEp, KOMUTO HE MOKa3Ba AHTUTCHHOCT, HAITBITHO
pe3opoupyem ,,in vivo““ 1 HeTOBUTE (HU3UKOXUMUIHHI
CBOWCTBA MOTAT J1a ObJIaT MOIXOSIIO MOTYTUPAHH.
OcBeH ToBa, IOpa Iy rojaeMus Opoil GpyHKIIMOHATHU
CTPaHUYHH TPYIHU, KOUTO CHABPKA, KETATUHBT
JIECHO C€ ToAJIara Ha XMMHUYEeCKO OMPEKBaHE, KOETO
€ MHOTO Ba)KHO 32 Bb3MO)KHaTa My yrnorpe0a Karo
Oouomarepuas 3a MEIULIWHCKH TEKCTWJIHU W3AENus
[13].

B o0mactra Ha MEAMIIMHCKYS TEKCTUI KETATUHBT
ce M3MOJ3Ba 32 MOBBPXHOCTHO MOAM(pUIIMpaHe Ha
BIaKHA W HETHKAaHU CTPYKTYpH, KaTo MOA0OpsBa
TAXHaTa OMOCHBMECTUMOCT, XHUAPOPUIHOCT U
aJxe3usi Ha aKTUBHU BenlecTna [22].

[TokpuTHsiTa Ha OCHOBaTa Ha JKEJNATMH MOTar J1a
ObIaT HaHACSIHY Ype3 MOTAarsiHe, HAapbhCKBaHE WIIN
€JIEKTPOOBJIAKHSABaHE, a IMOJyYEeHUTEe MarepHain
4ecTo JEMOHCTpHpar no0pa KiIeThbYHA anxe3us U
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YCKOPEHO 3a3/[paBsiBaHE HA PaHHU.

[Ipn xomMOMHaNUU C AHTUMUKPOOHU AareHTH,
CpeObpHU, IUHKOBH, THTAHHEBH W JPYTH MHOHU
WIM eTepUYHH Macia, >KEJTaTUHOBUTE MOKPUTHUS
MPOSIBSIBAT  JIOMBJIHUTENIHA OHO(MYHKIIMOHATHOCT
- TpenoTBparaBaT OakTepualeH pacTek, KaTro
CBILIEBPEMEHHO  MOIIAbpXKAT  BIaXHAa  cpena,
OnaronpusTHA 3a pereHepanus Ha ThKaHUTE.
OcHOBHHTE TpeAUMMCTBA Ha JKEJaTUHA KaTo
MaTepuan 3a MEIUIIMHCKU TEeKCTUJ ca: OTIUYHA
OMOCHBMECTUMOCT U OropasrpaguMocT;
BB3MO)KHOCT 32 KOHTPOJIMPAHO OCBOOOXKIaBaHE
Ha aKTHBHM BEIIECTBA; HUCKA 1I€HA U JOCTBHIIHOCT
Ha CypoBHMHATa; JieCHa 00paboTka upe3 BOIHU
pa3TBOpH 0e3 HyXkJa OT TOKCHYHH Pa3TBOPHUTEIH.
Hepocrarbuure BKIIIOYBAT OrpaHHYEHa MEXaHUYHA
YCTOMYMBOCT, UYBCTBUTEIHOCT KBM BJara u
TeMIieparypa, KakTo 1 HeOOXOAMMOCT OT OMpPEXKBaHe
3a TIOBMILIABAaHE Ha CTA0MJIIHOCTTA MpPH KOHTAKT
c OHONOrMYHM TEYHOCTH. Bbopeku TOBa, upe3
MOJXOAII0 KOMOUHUpPAHE C APYTH MOIUMEPH WU
CTAOMIIM3aTOPH, T€3W OTPaHUYCHHS Morar ja Obaar
YCIICIIHO MPEOI0JICHH.

Okcurenyno3ara B HamMyyHara ThKaH HMa
MHOTO PEaKTUBHU aNJAEXUIHH TPYIH, KOUTO MOrar
Jla pearmpar C aMHHO TPYNUTE B MOJIEKyJara Ha
KoJareHa. 3a Jla ce yBEIMYM CHOCOOHOCTTAa Ha
CBBbP3BaHE, OOMKHOBEHO C€ J00aBs IUAICXUIHO
ChEIMHEHUE KaTo oOMpexBall areHT. Hali-gecto
U3MAI3BAHOTO  TUANJEXUJHO  ChEJUHEHUE €
[IyTapoBus anjaexun. JAnanaexuaHoTo CheAMHEHNE
UMa JBE PEaKTUBOCIIOCOOHH AaIJEXUJHU TPYIIH.
Beuuku angexuiHu rpyny pearupar c aMuHOrpynara
Ha KojareHa. IIpoTnua OMpEXBAHETO MEXKIY
KOJIareHa u mamyka, 6e3 Jia ce HapymraBaT (pu3naHuTe
M MEXaHUYHHUTE CBOWCTBA Ha MaMyKa, KOETO MOXeE
e(DEeKTUBHO Ja MOAOOPH YCTOMYMBOCTTA Ha TIPaHE
U YCTOWYMBOCTTa Ha CBBP3BaHE Ha IETYJIO3HHUTE
ThKaHU U KonareHa [20,23].

[IpenuMcTBOTO Ha JKelaTMHA KAaro HOCUTEN 3a

KOHTPOJIMPAHO 0CBOOOJKIaBaHE Ha JICKapCTBa ¢,
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4ye TeparneBTUYHUAT areHT MoXke Ja Ob/ie BbBEAEH
B OKEJIaTMHOBaTa MAaTPHUIAa TPU MEKH YCIIOBHS.
JKenaruHOBHTE XHMIpOTENM CE€ HM3MOI3BAaT M Karo
MaTpuiia 3a  KOHTPOJIMPAHO  OCBOOOXKIaBaHE
Ha pas3IUYHU PACTSKHU (HAKTOpH, 3a KOHUTO €
M3BECTHO, Y€ TOA00psSBaT KOCTHOTO OOpasyBaHe.
N3cnensano e u ycrenrno narerpupan bFGF (6azos
¢ubpobnacTeH pactexeH (PakTop) B KEJTATUHOBU
XUIPOTENH ¢ Kucesno pH, UMIUTaHTHpaHH B yepern Ha
3aeK, KO€TO BOJIM J10 JIOKAJIM3UPAHO OCBOOOXKJaBaHE
B npojbbkenne Ha 12 cenvunm [17,19,24].

AHTHOAKTepHAJTHH CBOMCTBA HA JaiiKka:

Penunia u3rouHnnM choOLIaBaT 3a U3MOJI3BAHETO
Ha €CTECTBEHHM MaTepHajdl Karo pPacCTHTEIHU
eKCTPaKTH WM €TePUYHM Macliia - KypKyma, anoe
Bepa, HUIM, Malliepka, 31paBell, IIBETOBE OT 00/INBa
IUIsIBa, EKCTPAKTH OT rpaHar u Tyiacu (Ocimum bu-
silicum), yaeHO IBpPBO M Jp., 32 MOBUIIABAHE HA
aHTUMUKPOOHATA aKTUBHOCT HA IAMYYHHUTE ThKaHH.
EcrecTBeHnTE aHTUMUKPOOHN TEKCTHITHH TIOKPUTHUS
Ha PaCTUTEIHA OCHOBA MMAT CIIOXHHM XUMHUYECKU
CTPYKTYpH, HE BCHUKH OT KOUTO Ca aHTUMUKPOOHH.
3a MHOTO OT Te3W BEIIECTBA, OaKTEPULIUIHUS
MEXaHU3bM He € 1o0pe u3BecteH [13].

Jlalikata mma HeBepoATHO Oorar OHOXMMHYEH

CbCTaB OT  (EHOJIHU

dbepynona,
CaJMIUIOBA M XHIPOOCH30€Ha, Karo JOMUHHPAIIA

KHACCJIMHA - TajoBa,

BaHMJIOBA, kadeeHa, po3MapHUHOBA,
€ H30XJIOPOTEHOBAaTa KHCEJIMHA, aMUHOKHUCEIIMHU
- TPOJNHH, AaJlaHWH, achaparvuH; QIaBOHOUIU -
MUPHUIIETHH, HApPWHTEHWH, KBEPIICTHH, allMTCHUH,
KamIipepos u Ap., KyMapuHU, FojasiM Opoil MUHEpaJH,
OT KOUTO HAW-TOJISIM MPOLIEHT Ca KAJIUEBUTE COJIU U
CUJIMIIUAT | JIp.

CeckButeprnieHuTe, (HIaBOHOUINUTE, KyMapUHUTE
M TOJHMALCTUICHUTS CE€ CUYUTAT 3a Hal-BaXKHUTC
cbCcTaBKM Ha naikara. IloBeue or 120 Xumudecku
ChCTaBKHM Ca WIACHTU(UIIMPAHU B IIBETA Ha Jaiika
KaTo BTOPUYHU META0OIUTH U 52 NOMBIHUTEIHU
ChEIMHEHHS C TMIOTEHIMadHa (apMaKoJIOTHYHA

AKTHUBHOCT.
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KommonenTure XaMasyJiICH nu
YUYCHUTE CMATAT, Y€ HUMar HAW-TOJISIMO 3HAYCHHE
3a NMPOTHUBOBL3MNAJIUTCIIHUTC, AHTHUCCIITUYHU,

AQHTUIIUPETUYHU U CHA3MOJIUTHYHU  e(eKTH
Ha Owikara, a yMmenudepoH € C MHOTO BHCOK
byHruIuaeH eexT.

Jlatikara (BumoBe kato Matricaria recutita u Cha-
maemelum nobile) e ecrecTBeH ApeBEeH MPHUPOACH
JIeK € JIOKa3aHU aHTHOAKTepUAIHU U O3/IPaBUTEITHU
CBOMCTBA, KOETO 5 TPABU U3KIIFOUUTEIIHO MTOIXOAIIA
3a ynorpe0a npu MpeBpb3KU HA paHH.

* AmnTHOaKTEepUaiHa aKTUBHOCT CpeEILy
[aTOreHU

ETrepuunoro macio ot Matricaria recutita chabpika

aKTHBHU ChEIMHEHMS KaTo 0-Oncabosion, xamas3yieH
u (GIAaBOHOMM, KOUTO TMPOSBABAT AHTUMHKpPOOHA
aKTHBHOCT CpeIly OaKTepuH, YeCTO CBBP3aHU C
MHQEKIMN Ha paHu, BKIIOYUTETHO Staphylococcus
aureus, Escherichia coli u Pseudomonas aeruginosa
[25].

* IlomoOpeno 3aTBapsHE Ha paHd U
3a3/paBsBaHe

[Tpu >KMBOTHHCKH MOJEIH, BOAHHUTE €KCTPAKTH
oT Matricaria recutita, npuUiIaraHu MEPOPATHO
(120 mg/kg/nen), Bogsat mo 61% penyuupane Ha
IJIOIITAa HAa paHara A0 15-us neH B CpaBHEHHUE C
48% mpu KOHTpOJHATAa Ipyla, 3aeIHO C Mo-Obp3a
eNUTeNN3alus U 3HAYUTEIHO I0-BHCOKA SKOCT Ha
pa3KbCBaHE Ha paHara [26].

. CpaBHeHMe ChC CTaHJApPTHUTE
aHTHOUOTULIN

Mas ot pumcka naiika (C. nobile) (5% excTpakr),
HaHECeHa JIOKAJIHO BbPXY paHH, HHPekTupanu c P.
aeruginosa NpH IUTbXOBE, JEMOHCTpUpPA MO-0bp30
3a3IpaBsgBaHE W 3HAYMTEIIHA aHTHOAKTepHaIHA
aKTUBHOCT B CpPaBHEHHE C TETPAIMKIMHOBA Mas3.
ToBa noxa3Ba obemiaBamys NOTEHIMAN Ha Jaikara
3a O0opba ¢ MHpEKUMUM HAa paHU, TPUYUHEHU OT
OaKkTepuu, pe3UCTCHTHU KbM aHTHOMOTHUIH [27].

* [IpunoxeHue B IpeBPB3KU 32 U3TaPsTHUS

JlokazaHo e, 4e eKCTpakThT oT Matricaria chamomilla
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YCKOpSIBa 3a3/[paBsBAHETO HA KOKHU U3TAPSHUS TTPU
IUTHXOBE, KOETO TMpEIoara Heropata MpUrogHoCT
KaTo OMOAKTMBEH KOMIIOHEHT B MPEBPH3KU 32
JIeYeHHEe Ha u3rapsHus [28].

B o00o0menue, eKCTpakTUTe U ETEPUUYHUTE
Macla OT Jaika, KoraTo ce BKJIIOUBAT B NMPEBPH3KU
3a paHd (HampUMeEp MEXJEMH, TEeJOBE WIH
XHUJIPOTENIOBE), OCUTYPSBAT IBOIHA ITOJI3a: TUPEKTHO
aHTHOAaKTepUaJIHO JCWCTBHE Cpelly MaToreHu
B paHHWTE U CTUMYJIHMpPAHE HA pereHeparusTa Ha
THhKAHUTE Ype3 3aCUJICHO CBUBAaHE Ha paHaTa,
OTJlaraHe Ha KoJjareH u enurenusanus [2,4].

JleyeOHU CBOIMCTBA HA NMPONMOJIHUCA:

Hcropusita Ha mpornosnuca € TOJIKOBa IPeBHA, KOJI-
KOTO M caMOTO muenapcTBo. O11ie IpeBHUTE ETUNTIHN
U TBPIM Ca TMO3HABAJU HETOBUTE 3a0€IeKUTECIHU
JeueOHM CBOMCTBA M Ca TO M3MOJ3BAalU AKTHBHO
B CBOSTa MeAMIMHCKa mpakTuka. CamoTo
HAaMMEHOBAHME UJIBA OT IPBLKUTE TyMHU ,,ip0“* (TIpO)
U ,,moAMG (TONUC), O3HAYaBaIIH ,,IPe/I Tpajga‘ wuin
,»3alllUTa Ha rpajga‘“ - Ha3BaHHe, KOeTo Nep(eKTHO
OTpa3sBa HEroBara 3alluTHA (QYHKIHS KAKTO B
MMYEJTHUS KOIlIep, TaKa MU B YOBEIIKUS OPTraHU3bM.
B pasznuunu KynTypu TOM € mO3HAT Moj pa3iuyHu
HMEHA, KaTo KJIEH WM ,,JTYelICH KJICH, BCSIKO OT
KOMTO IMOAYEpPTaBa HAKOS OT HETOBUTE XapaKTEPHU
0COOEHOCTH.

[IpononuchT npeacTapisiBa yHUKaIHA TPUPOIHA
CyOCTaHIIMS, CMOJIMCTO BEIIECTBO, CHOMPAHO OT
MMYEJIUTEe OT IMBIIKU Ha IbPBETa, COK OT PaCTeHUS U
JIPYTH PaCTUTEIIHU U3TOUHULIM. HeroBuaT XxumMmudeH
CbCTaB Bapupa B 3aBHUCHMOCT OT TreorpadCkus
MIPOU3XO/, CE30Ha W PACTUTENHUS M3TOYHUK, HO
TOW IMOCTOSIHHO TIPOSIBSIBA CHJIHO AHTUMHKPOOHO
neuicteue [29].

To3u 3abenexxureneH MPOAYKT Ce OTIMYaBa ChC
CBOSl XapaKTEpPEeH BBHIIEH BHUJ U KOHCHUCTEHIIUSA,
KOMTO Bapupar B 3aBUCUMOCT OT H3TOYHHMKA H
ce3oHa Ha chOupane. L[BeThT My MOxe Aa Oble OT
CBETJIOXKBJIT MPE3 PA3IMUHUA HIOAHCH Ha 3€JICHOTO 0

T’bMHOKa(I)}IB W JOpU TOYTH UCPEH, KOCTO OTPa34aBa
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00rarcTBOTO Ha HETOBHUS MTPOU3XOA U CHCTAB.

IIpn craiiHa TeMmmeparypa HpPONOJUCHT HMa
TBBbpJA U JIEKO JIeMKaBa KOHCUCTEHIUS, KOATO MpHU
3aTOIUIsSIHE CTaBa MO-MeKa M enacTuyHa. EgHa ot
Hail-BaXHUTE My (U3UYHM XapaKTEPUCTUKU €
cnenuguUHaTa pa3TBOPUMOCT - TOH ce pa3TBaps
c1abo BbB BO/Ia, HO MOKa3Ba OTIIMYHA PA3TBOPUMOCT
B CIIUPT U JIPYT'H OPraHUYHU PA3TBOPUTEINHN, KOETO €
OT KJIFOYOBO 3HAUEHUE 32 CHh3AABAHETO HA Pa3INYHU
Je4yeOHU npenapaTH.

B cwppuero Ha neyeOHUTE CBOMCTBA HA MPOTIOIUCA
CTOM HETOBHUAT HU3KIIIOYUTENHO OOrar u CIOoXeH
XUMHYeH cheTaB. OcOOEHO Ba)KHO MSCTO B ChCTaBa
3aeMar (IaBOHOMIUTE M JAPYTHTE MOJU(PEHONH,
KOUTO OMNpEENAT TojisiMa 4YacT OT JIeYeOHHUTE My
cBoiicTa. [IpuchCTBHETO HA BUTAMUHH, OCOOEHO OT
rpyna B, MuHepanHu BemiecTBa 1 MUKPOEIEMEHTH
JOMBIHUTETHO 00orarsiBa HeroBara XpaHUTEIHA
U TepaneBTHUYHA CTOMHOCT. ETepuuHuTe Macia my
IIpU/laBaT XapaKTepHUs apoMaT M AONpPHHACAT 3a
AHTUMHKPOOHOTO MY JIEHCTBHE.

AHTHOAKTEpUATHOTO JAEHCTBHE Ha MpomojKca
C€ IBJDKA Ha CHHEPTMYHOTO B3aUMOAEHCTBHE Ha
MHO>KECTBO OMOAKTHBHH CBHEAMHEHHUS, MPEIUMHO
(dmaBoHonM (Karo MWHOIEMOPWH, TAJAHTHH U
KBEpIETUH), (EHOJIHM KUCENHWHHU (Hamp. KadeeHa
KHCEeIMHA U HEHHHWTEe ecTepu) M apoMaTHU
chenuHeHus [29].

OCHOBHUTE MEXaHHW3MHU Ha aHTUOAKTEPUATHOTO
JeiicTBHE Ha MPOIOJIKMCa BKIIOUBAT:

* HapymasaHe Ha [NeilocTra M MPOIy-
CKJIMBOCTTa Ha OaKkTepHaaHaTa KieThbuHa MeMOpaHa,
KOETO BOAM /O H3THYAaHE Ha IUTOIUIA3MEHOTO
ChIbpKaHUE U 3ary0a Ha MEMOpaHHHS MOTEHIIHAI
[29]

* [ToTuckane Ha GakTepuanHaTa MoBUKHOCT
U EeH3MMHaTa akKTHUBHOCT, KOETO HapyllaBa
YKU3HCHOBKHHM METaOOMMTHH mbTHINA [29].

* [ToTuckane Ha oOpaszyBaHeTo Ha OuohuIM
KOMTO

- KpUTHYEeH (aKTOp Ha TATOTCHHOCT,

3aTpyAHsIBa 3a3ApaBABAHCTO HA PAHUTC U JOIIPHUHACA
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3a XpoHHUYHUTE UHPeKun [29].
[IpononucsT  mposiBsiBa
cpery

Oaktepum (Hamp. S. aureus, Streptococcus spp.),

IUPOKOCIICKTbpHA

AKTUBHOCT  KaKTO IpaM-TMOJIOKUTEIHU
Taka U Cpeuly rpaM-OTpHULATEIHU OakTepuu (Harp.
Pseudomonas aeruginosa, Escherichia coli), kakto u
cpemy Hsikou reOuuku [30,31].

[IpuokeHue Ha TPOIONUCA B MPEBPH3KUTE 32
paHu:

[IpomonuchT ce BKIOYBA B Pa3IMYHU
OMOKOMITO3UTHUTIPEBPB3KU 3a PAHUTIOPA T HETOBHUTE
aHTHOaKTepUaIIHU, MIPOTUBOBB3MAIUTEIHH,
AHTHOKCUJAHTHU U pEreHepaTUBHU CBOWCTBA.
N3cneaBanu ca pa3auyHu MOAXONU:

* [lonuyperaHoBU MPEBPH3KU C MOKPUTHE
ChIBPIKALIO0 MTPOIOJIHUC:

WzcnenBano e pa3zpaboTBaHETO Ha TMoOpecTa
MOJIMypETAaHOBA TMPEBPH3Ka 3a paHU, MOKPUTA C
nporonuc. Ta3u mpeBpb3ka MposiBsIBA OTIUYHA
aHTHOaKTEepHaHa aKTUBHOCT cpelty S. aureus u E.
coli, 3ama3Baiiku BHCOKa MOPHO3HOCT, HEOOXOIMUMA
3a razoo0OMeHa M alcopOuuaTa Ha EKCyaar, H
3HAYUTEITHO YCKOpSIBA 3aTBApSIHETO HAa PaHU B in
VIVO MHUIIIM MOJIEIHM B CpPaBHEHUE C KOHTposaTa 06e3
MOKpUTHE OT mponoiuc [32].

» (DYHKIMOHAIHU KOJAreH/XWTO3aH MPEeB-
PB3KH, C BKIIOUYEHHU Tpornonuc u ZnO:

HoB ¢yHkuumonanen rem 3a MpeBpPB3KU €
pa3paboTeH upe3 BKIIOYBAHETO HA HAHOCTPYKTYPH
OT IIMHKOB OKCHUJ, HACUTEHU C MPOIOIUC, B OCHOBA
OT MOPCKHM KOJIar€H U XUTO3aH C 1IeJ1 YCKOpsBaHE Ha
3a3/paBsiBaHETO Ha paHuTe. CTPYKTYpHUST aHAIH3 €
MoKa3aj, ye J00aBsSHEeTO Ha MPOTMOIKC Mpeodpa3yBa
LIMHKOBHSI OKCHJ] OT amioMepupaHu cdepu B
MPBYKOBUJIHA U IUIACTHHYATH HAHOCTPYKTYPH C
nogoOpeHa MOBPXHOCTHA cTabMITHOCT. [lokazaHo e,
Ye MOJIy4eHUTE HAHOKOMITO3UTHH I'eJIOBE MPOSBSIBAT
3HAYUTETHA CHHEPTHYHA aHTUMHUKPOOHA aKTHBHOCT
Cpelly pa3luYHH MaTOTeHU, KaTo KOHIICHTpAIUsITa
¢ 10% mnpomonuc mnoka3Ba Hal-BUCOKM HHBAa Ha

uHXuOmupane cpeuty 6akrepun xaro E. coli. Tectose
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in Vivo BBpPXy IUTbXOBE NOTBBPXKIABAT, Y€ TO3H
(GYHKIMOHAIM3UPAH Tel 3HAYUTETHO YCKOpsBa
3aTBapsiHETO Ha paHu, nocruraiiku no 94,31%
CBUBaHE, KaTO CHIIEBPEMEHHO CTUMYIIHpPa MO-100p0
oTJIaraHe Ha KoJIareH M peenurenu3amus [5].

pUpOsieH
aHTHOAKTEepUaJeH AareHT, KOWTO JeHCTBa upe3

[IpomonmuchT €  edekTuBeH
MHOKECTBO MEXaHU3MU, BKITFOUHUTEITHO Pa3pyIlIaBaHe
Ha KJIeThYHAaTa MeMOpaHa, THXUOUpaHe Ha €H3UMU
YW TIOTHCKaHe Ha (OpPMHpPAHETO Ha OaKTepHaJICH
ouoduim. BrirrouBaneTo My B IPEBPH3KH 3a PaHH,
KaTo IMOJIMMEPHH TMEeHH, OMOLIETYIO3HH MeMOpaHu
u  (GOPMYTUPOBKM C HAHOYACTUIM, OCHUTypsBa
MyITH(YHKIMOHATICH METUIIMHCKH TPOAYKT, KOUTO
€IHOBPEMEHHO ce 0opu ¢ MH(pEKIUUTe, HaMamsBa
BB3MAJICHUETO M TOANOMAara percHepamnusra Ha
THKAHUTEC.

3akJioueHue:

AHanu3bT Ha Hay4yHATa JIUTEpaTypa IOKa3Ba
HapacTBalla HEOOXOAMMOCT OT pa3pabOTBAaHETO
Ha HOBO IIOKOJICHHE (DYHKIIMOHATHU TIPEBPB3KH
3a paHHu, KOUTO CBHUCTABAT I[O6pI/IT€ MCEXAaHUYHHN
CBOMCTBA Ha LIETYJIO3HUTE TEKCTUIIHU MaTepuaiu ¢
aKTUBHA aHTHOAKTEepHaHa 3allUTa U CTUMYJIHpPAHE
Ha 03/[paBUTEIHUS MPOIIEC.

JKenatnHOBUTE XHUIPOTENOBE Ca MEPCHEKTUBHU
MaTpHIM3aTIPIIOKECHUE TIPUIICUCHUE HAPAaHUTIOPAIH
Omopa3rpagIuMocT

CBOSITA  OMOCHBMECTHMOCT,

n CIIOCOOHOCT Ja HUMUTHUPAT CCTCCTBCHUA

U3BBHKJIETHUEH MAaTPHUKC, KaTro ChIIEBPEMEHHO
OCHUTYpSIBaT Bh3MOKHOCT 32 €()EKTHBHO BKJIFOUBAHE
U KOHTPOJIUPAHO OCBOOOXK/IaBaHE Ha OWOIOTUYHO
aKTUBHU BEIIECTBA.

Hanopazmepuusit ZnO e enuH OT Hai-
MEePCTIEKTUBHUTE METaTHH OKCHJIU 3a
MPUIOKEHNE B OHMOMEIUIIMHATA OJlarofgapeHue
Ha [IMPOKOCIEKTHPHOTO CH aHTHOAKTEPUATHO
JeiicTBUe, peanu3upaHO Ype3 TeHepHpaHe Ha
pPEaKTHBHU KHUCJIOPOAHU (opMHU, OCBOOOXKTaBaHE

Ha Zn2+ WOHM W JUPEKTHO YBpPEXKIaHE Ha
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OakTepuaHaTa KJIeThbuHa OOBHBKA.

JluteparypHuTe JAaHHM TIOKa3BaT, 4ye KOMOHU-
HUpaHeTo Ha ZnO ¢ mpUpOAHU OMOJIOTUYHO AKTUBHU
BELIECTBA, KATO IIPOIOJIUC U EKCTPAKT OT JIakiKa, BOIU
JI0 CUHEPTUYHO YCWJIBAHE Ha aHTUOAKTEPUATHOTO
JEUCTBUE U €JHOBPEMEHHO CTUMYJIMPA IIPOLECUTE
Ha pereHepanys Ha TbKAaHUTE, KOETO pas3IUMpsBa

BB3MOXHOCTHUTEC 3a IMPUITTOKCHHUE Ha TE3U

KOMITO3UTHU MaTepHallv IpU JICYCHUE Ha XPOHUYHU
1 UH(PEKTUPAHU PAHU.
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Ruzica Stevkovska Stojanovska*', Goran Demboski?
2Department of Textile Engineering, University “Ss. Cyril and Methodius” in Skopje, Fac-
ulty of Technology and Metallurgy, North Macedonia
'ruzicass@tmf.ukim.edu.mk,
2goran@tmf.ukim.edu.mk,

Abstract:

The aesthetic and functional performance of a garment is largely determined by its draping geometry, which
results from the complex interaction between fabric mechanical properties and the cut and construction of a
given style. Drape is conventionally evaluated through the projected silhouette generated when a textile sam-
ple or garment falls freely under its own weight, most commonly via the Cusick drape test and its derivative
image-analysis methods. The paper investigates an orthogonal draping geometry of selected garment styles,
of varying number of seams, in which two-dimensional orthogonal projections of the draped form are extract-
ed, digitized, and quantitatively compared across style variants. The methodology combines image-processing
techniques to determine key drape parameters—draped area, perimeter, node number, and node geometry—
for each analyzed style. The orthogonal projection approach allows the spatial fold distribution and asymme-
try of the draped form to be assessed independently along defined cross-sectional planes, providing a more
detailed geometric description than the conventional single-plane drape coefficient. The results clarify how
style-specific construction parameters (e.g., flare, seam placement, length) influence the resulting draping
geometry and support more accurate prediction and design of garment drape behavior.

Keywords: drape geometry, skirt style, seams, image analysis.
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INTRODUCTION

The draping behaviour of a textile material is one
of the most important visual and functional charac-
teristics of a final garment, since it directly affects
how a fabric conforms to the body and forms folds
under its own weight [1]. Drape is not a simple, sin-
gle-valued fabric property; rather, it emerges from a
combination of low-stress mechanical parameters—
bending rigidity, shear stiffness, weight, and thick-
ness— together with the geometry of the pattern
pieces and the way of assembling it into a finished
style [2]. For this reason, drape behaviour measured
on a flat fabric sample does not always correspond
directly to the drape exhibited by the same fabric
once it has been cut and sewn into a specific garment
style, which has motivated continued research into
methods that connect fabric-level drape testing with
style-level (garment-level) drape assessment [1].

The most widely used reference method for drape
evaluation remains the Cusick drape test, in which a
circular fabric specimen is suspended over a small-
er circular support and the projected shadow of the
draped sample is analysed to calculate the drape co-
efficient and the number of nodes (folds). Over time,
this principle has been adapted from simple photo-
graphic shadow analysis to digital image-processing
techniques, enabling more precise and repeatable
extraction of the draped contour, draped area, and
circularity of the projected shape [3]. In parallel
with physical testing, the rapid development of 3D
garment simulation software (CLO3D, OptiTex,
Style3D, Browzwear) has enabled drape analysis
to be performed directly on virtual garment proto-
types rather than on flat fabric swatches alone [4,5].
In this context, orthogonal projection has become
a key analytical tool: the draped 3D garment sur-
face is projected onto a transverse plane to generate
cross-sectional contours along the garment length,
from which draped area, drape ratio, and fold dis-
placement can be calculated at multiple positions.
This orthogonal projection methodology has been
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successfully applied to compare digital and real
prototypes of flared skirt styles, showing good cor-
relation between simulated and physically measured
drape parameters and confirming its suitability for
evaluating style-dependent drape behaviour in a re-
producible, position-resolved manner [6]. Several
recent works have specifically addressed how the
style geometry— flare angle, hem circumference,
panel number, and garment length — governs drap-
ing outcomes. Comparative analyses of flared skirt
styles of varying angle and length have demonstrat-
ed systematic relationships between circular-cut ge-
ometry and the resulting drape coefficient and hem-
line silhouette. Similarly, investigations of knitted
flared skirts evaluated on 3D-printed body postures
have shown that drape parameters obtained from
fully formed garments differ measurably from those
of flat-fabric drape tests, reinforcing the need for
style-specific, geometry-based analysis rather than
reliance on fabric-only drape data [3]. Comparable
findings have been reported for traditional garment
styles, where the virtual and real drapability of silk
fabrics used in Hanbok construction were compared
to isolate the influence of style-specific cut and fab-
ric anisotropy on drape outcome [7]. Despite this
progress, most existing drape-assessment methods
still characterize drape using a single overall co-
efficient or a limited number of projection planes,
which provides only an aggregated description of a
three-dimensional, often asymmetric draped form.
An orthogonal multi-plane analysis — in which pro-
jections are taken along several perpendicular axes
or positions of a garment style— offers the poten-
tial to capture local variation in fold distribution and
asymmetry that a single-plane drape coefficient can-
not resolve [8]. Building on this gap, recent simu-
lation-based frameworks have proposed kinetic and
physics-based draping models capable of reproduc-
ing anisotropic, position-dependent drape behaviour
with improved accuracy relative to classical sin-
gle-coefficient approaches. Recent research further
highlights the importance of integrating geometric
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descriptors with simulation-based approaches to im-
prove the realism of virtual garment systems [9-12].
The aim of this paper is to apply an orthogonal anal-
ysis approach to the draping geometry of selected
garment styles with various numbers of seams, com-
bining image-based and/or 3D-simulation-based or-
thogonal projection techniques to quantify draped
area, drape perimeter, and node distribution at mul-
tiple cross-sectional positions. By comparing these
parameters across style variants, this study seeks to
clarify how style-specific construction parameters
and seam numbers influence node geometry and to
contribute a more spatially resolved methodology
for drape characterization, applicable to both physi-
cal fabric testing and virtual 3D garment prototyping
workflows.

EXPERIMENTAL PART

Two circular skirts were manufactured: style 1
(full-circle cut) and style 2 (1/2 circle cut). The pat-
terns were cut for size 36, slim stature, and medium
posture. The basic construction is performed with
two side seams, class 1, stitch type 301. Each style
was produced with three seam configurations: 2, 4,

and 6 seams. The 4-seam construction, compared
to the basic construction, contains two additional
seams that divide the pattern cuts in half. Thus, the
two additional seams are located in the middle of the
front and the back side of the styles i.e. the centre
front and centre back seam. In the 6-seam config-
uration, each pattern cut is symmetrically divided
into 3 parts. All the styles investigated are manu-
factured from the same shell fabric, of Cotton 97%
and elastine 3% fibre composition and fabric weight
of 190g/m2. Garments were placed on a mannequin
doll cut in a waist cross section and photographed
from top position. Images were calibrated using a
reference rectangle and analysed using digital image
processing to extract drape parameters, including the
draped area (P), perimeter (L), node number (Nn),
node peak and trough length, depth and distance,
and angular spacing (a) of the nodes. Three repeated
measurements were performed for each sample and
average values were used for analysis.

RESULTS AND DISCUSSION

Photographs from the top view of the styles mount-
ed on a mannikin are shown in Figures 1 and 2.

2 seams

4 seams

6 seams

Figure 1: Orthogonal photographs of style 1
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2 seams

4 seams

6 seams

Figure2: Orthogonal photographs of style 2

The observation of Figure 2 shows that the styles
having 2 seams have nodes of smaller width. With
increasing the seam number to 4, the styles obtain
larger nodes. After increasing the seam number to 6
seams, the styles obtain the greater number of nodes

but of smaller width. This can be especially observed
for style 1 full circle skirt of 6 seams where the nodes
became more frequent and of smaller width.

The drape parameters of the top-view image/drape
analysis, are summarized in Table 1.

Table 1: Orthogonal drape parameters obtained from top-view analysis.

Sample Draped area Draped Number of

[cm?] perimeter [cm) nodes (N,)
Stvle 1, 2 seams 300 155 10
circular 4 seams 384 152 10
skirt 6 seams 356 180 12
Style 2,%: | 1 seams 253 116 7
circular 4 seams 311 129 7
skirt 6 seams 276 120 9

The results show that draped area increase when
the seam number rise from two to four seams but de-
creased slightly after six seams are introduced. Node
number remains the same when increasing the seams
from 2 to 4. After increasing seam number from
4 to 6, there is increasing of the number of nodes
from 10 to 12 for the full-circle skirt and from 7 to
9 for the half-circle cut skirt. Increasing the number
of seams from 2 to 4 leads to an increase in fabric
stiffness which affects increase of the drape projec-
tion area. However, when the number of seams is
further increased to 6, a decrease in the drape area
is observed for both styles. Although increasing the
seam number initially improves fabric distribution
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and fold formation and the six-seam configuration is
expected to show cumulative stiffening effect due to
additional seam lines, further subdivision of the pat-
tern introduces structural constraints that limit the
natural deformation of the fabric. Consequently, the
garment exhibits a more restrained drape geometry
and a smaller projected drape area. Regarding the
drape perimeter, it does not follow the same trend
as the draped areas and is influenced by the type of
style so, for style 1 it is highest for garments with 6
seams, and for style 2 it is highest for garments with
4 seams. The behavior and relationship of drape area
and node number of both styles are presented graph-
ically in Figure 3.

165



=& Full-circle skirt - Drape area
—&— Hall-circle skirt - Drape area
3gp 4 % Full-circle skirt - Nodes
=4 Half-circle skirt - Nodes

360 4

30 1

320 4

Drape area [cm?]

300

280 4 /

’
’
;
v
’
’
260 -
7
‘
------------------ 'y

Number of nodes

Number of seams

Figure 3: Relationship between seam number, draped area and number of nodes

Since the textile surface is an anisotropic struc-
ture with different values of mechanical properties
in different directions, each draped node can show a
different shape. When considering the distribution
of the number of nodes (Nn) along the sides of the
styles, the largest number is on the front side, fol-
lowed by the back, and then the right and left with
almost identical Nn. Table 2 contains the result of all
node parameters (Figure 4) obtained from the top-
view photograph.

It can be separated into several findings:
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1. Node quantity is determined by Nn and the
angle between two successive peaks;

i1. Node size is determined by Lpeak and Lith;

iii. Node depth is determined by Dpeak and
Dth; and

iv. Node regularity is determined by Rpeak
and Rih.
The description of abovementioned parameters is
shown in Figure 4.
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Wiy | ol | W Definition
ZOME key
- Alpha Global L Angle between two
subsequent node peaks [7]
Lok Outer peak .y Peak length the largest
lengths of each node [cm]
La Inmer trowgh —s Through length, the
smallest lengths between
each node [em]
Dipaar Chater peak — Peak depth. distance peak -
wanst ine [cm]
Da Inner trough " Through depth, distance
peak - waist lne [em]
- Chater peak — Distance between two
consecutive peaks [cm]
R Inner trough _— Distance between two
consecutive recesses [cm)

Figure 4: Legend for node parameters analysis

Table 2: Results for node parameters in draped styles

Sample L pesk L Rpeak R Dpeak D o
Style 1, 2 seams 14.6 10.9 0.3 7.2 54 1.8 35
Style 1, 4 seams 15.7 11.6 9.9 9.1 6.4 2.5 36
Style 1, 6 seams 13.8 9.8 7.8 5.6 59 2.1 30
Style 2, 2 seams 14.6 10.8 13.3 9.9 59 2.2 54
Style 2. 4 seams 13.4 9.7 10.6 9.6 5.6 1.8 51
Style 2, 6 seams 14.8 11.8 10.5 8.5 3.5 2.5 42

Descriptive statistical analysis was performed for peaks are presented in Table 3, but the conclusion

all these parameters to evaluate central tendency, is obtained based on the all parameters results. Still,
dispersion, and distributional characteristics. In or- full descriptive statistics are available as supplemen-
der to save space, only the descriptive statistic re- tary material of this research.

sults for the angles between two consecutive node

Table 3: Descriptive statistical analysis for angle parameter between two consecutive peaks

Criterion | S 1, Stylel, Stylel, Style2, Style2, Style2,6

2 seams 4 seams O seams 2 seams 4 seams SEAIS,
Mean| 35 36 30 54 51 42
Standard error 24 2.1 2.1 4.6 3.0 34
Median | 37 34 28 55 52 38
Mode| 40 41 32 61 41 27

sD| 13.1 11.3 12.4 20.5 13.6 17.4

Sample Variance| 1714 1270 1525 4206  186.0 304.3
Kurtosis | 1.77 0.65 0.17 090  -L.1l -0.28
Skewness | 0.25 1.00 0.40 072 -0.19 0.61
C“"ﬁd“““:g';;:}l 4.8 4.2 42 0.6 6.2 7.1
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Sample sizes were unequal across modules (n=31,
n=30, n=31, n=20, n=21, n=26 per parameter, de-
pending of node numbers), so the report emphasizes
both magnitude and stability rather than relying on
mean values alone. Interpretation of the results pri-
oritized:

1. regularity of wave geometry,

i1. low variability and narrow confidence in-
tervals, and

iii. sufficient amplitude and spacing to pro-
duce a clear but controlled drape profile.

Across the full set of parameters, full-circle skirt,
four seams, was the strongest overall design. It com-
bined the highest Lpeak mean (15.72), the lowest
Lpeak coefficient of variation (12.65%), favorable
Rpeak and Rth values, and relatively tight confi-
dence intervals. In practical terms, style 1, seams 4
produced well-defined and repeatable waves without
the instability seen in the extreme configurations.
Half-circle skirt, four seams was the most stable
half-circle configuration and the best option when
low variability is the main priority. It had the low-
est CV for a CV and low CV values for Lpeak and
Dpeak, indicating a controlled geometry. However,
its wave amplitude was less pronounced than style 1,
four seams. The least favorable condition for overall
consistency was the 2-seam half-circle configura-
tion. Although it showed the highest o and Rpeak
means, those gains were accompanied by large stan-
dard deviations and the widest 95% confidence in-
tervals, indicating an unstable and outlier-sensitive
configuration rather than a reliably superior one.
Within Style 1, four seams maximize Lpeak while
maintaining moderate a. Within Style 2, four seams
reduce a relative to the 2-seam condition and pre-
serve stable geometry.

The comparison across seam counts suggests a
structural balance: two seams leave too much fab-
ric freedom and tend to produce irregular spacing,
while six seams over-constrain the skirt and reduce
regularity or make the geometry more variable.
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Four seams provided enough control to stabilize the
drape while still allowing natural wave formation.
This pattern was visible in both style families, but
it was strongest in the full-circle skirt. Based on the
combined criteria, style 1, 4 seams demonstrated the
best overall balance of uniformity, amplitude, and
stability, while style 2, 4 seams was the most stable
configuration within the half-circle group. Style 2, 2
and 6 seams showed reduced uniformity.

CONCLUSION

This study demonstrated that orthogonal image
analysis provides an effective approach for the quan-
titative evaluation of garment draping geometry. Un-
like conventional drape assessment based primarily
on the drape coefficient, the proposed methodology
enables detailed characterization of fold morphol-
ogy through parameters describing node quantity,
size, depth, spacing, and angular distribution. The
results showed that seam configuration significant-
ly influences the draping behavior of circular skirts.
For both skirt styles, increasing the number of seams
from two to four improved the distribution and reg-
ularity of the draped folds, whereas six seams in-
creased structural constraint and reduced the unifor-
mity of the drape geometry. Among all investigated
configurations, the full-circle skirt of four seams
achieved the best balance between fold amplitude,
regularity, and geometric stability, while the four-
seam half-circle skirt exhibited the most consistent
behavior within its style category. The proposed
orthogonal analysis provides a more comprehen-
sive geometric description of garment drape than
conventional area-based evaluation and represents
a useful tool for objective comparison of garment
styles. The methodology can support garment design
optimization and may serve as a reliable framework
for validating virtual garment simulations against
experimental measurements in future studies.
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POJISA HA CTAHAAPTU3UPAHUTE UBIINTBATE/IHU
METOIU U AKPEJAUTUPAHATA JTIABOPATOPUA 3A
JOCTOBEPHOCTTA HA HAYYHUTE U3CJIIEABAHUA B
TEKCTUJIHOTO MATEPUAJIOBHAHUE

Kpaca KocroBa', YMme Kananbk', Bacua YUo6anos', Ilers: I'enueBa?

Pesrome:

Texcmunnomo mamepuailo3Hanue uzy4asea CmpyKkmypama, C80tUCmeama u n08edeHuemo Ha meKCmuiHume
Mamepuaniu 6 npoyeca HA MAXHOMO NPOU3B00CME0 U ekcnioamayus. Pazeumuemo na mexcmuninama
UHOYCMPUSL, CBbP3AHO C BHEOPABAHEMO HA HOBU MAMEPUANU, MEXHOLO2UU U QYHKYUOHAIHU 0OpabOmKu,
UBUCKBA HAOEHCOHU MemOOU 3d OYeHKA Ha mexHume xapakxmepucmuxu. Cmanoapmusupanume u3nUmMeaHusl
Ca OCHOB8eH UHCMPYMEHm 3a ODEeKMUBHO ONnpeoelsHe HA KauecmeeHume NOKA3ameny Ha MeKCMmUuIHume
uzoenus, a u3No36aHemo Ha aKpeoumupanu 1a00pamopuu 2apanmupa 00Cmo8epHOCH, 8b3NPOU3BOOUMOCT
U MeNCOYHAPOOHO NPU3HABAHEe HA NOAyYyeHume pezyimamu. B O0oknada ce paszenexcoam obxeamvm Ha
CMAanOapmu3upanume memoou 3a UsnumeaHe (MexaHuyHu noKazamenu, U3HOC6AHe U NUIUHZ, KOMPOPMHU
u bapuepHu nokasamenu, Y8eMoOYCMoUYUBOCM U CNeKMPAIHU Xapakmepucmuxu), usuckeanuasma na 1SO/
IEC 17025 kvm npociedumocmma, KOMREMeHmHOCMma u KOHMpOoJLd HA KAYeCcmeomo, Kakmo u poisama Ha
UBNUMBAHUAMA NPU 8epuduyupaHe Ha Xunomesu, CpasHeHue ¢ pegepeHmHu obpasyu, cmamucmuyeckd
obpabomxa u nyonukysare Ha HayyHu pesyimamu. Ilpeocmaeenu ca npunoxicenus 6 mexHudecku, 3auumHu,
MEOUYUHCKU U DYHKYUOHATHU MEKCMUU, KAKMO U NPeou3sUKameicmeama nped CmaHoapmu3ayuima Ha
UHmMenueenmHuy, HAaHOMeEXHONOSUYHU U OUOPA3ZPAOUMU MAMEPUATU.

Knwuoeu oymu: mekcmuino mamepuanio3Hauvue; CMAHOAPMUUPAHU USNUMBAHUSA, AKPEOUMUPAHA
nabopamopus; ISO/IEC 17025; memponocuuna npocieoumocm, QyHKYUOHAIHY MeKCMUIU.

THE ROLE OF STANDARDIZED TEST METHODS AND
ACCREDITED LABORATORIES IN THE RELIABILITY
OF SCIENTIFIC RESEARCH IN TEXTILE
MATERIALS SCIENCE

Krasa Kostova', Umme Kapanak', Vasil Chobanov’, Petya Gencheva?
'fOro3ananen ynusepcuret ,,Heoput Puncku®, bnaroesrpan
Department of Mechanical Engineering, Technical Faculty, South-West
University ‘Neofit Rilski’, Blagoevgrad
*Texuuuecku konex — Codpusa kpM Texanmuecku yHuBepcuret, Codust
krasa.kostova@abv.bg

Abstract:

Textile materials science studies the structure, properties and behaviour of textile materials during produc-
tion and use. The introduction of new materials, technologies and functional finishes requires reliable methods
for assessing their characteristics. Standardized tests are the principal tool for the objective determination of
the quality indicators of textile products, while the use of accredited laboratories ensures the credibility, repro-
ducibility and international recognition of the results obtained. This paper reviews the scope of standardized
test methods (mechanical properties, abrasion and pilling, comfort and barrier properties, colour fastness and
spectral characteristics), the ISO/IEC 17025 requirements for traceability, competence and quality control,
and the role of standardized testing in hypothesis verification, comparison with reference samples, statistical
treatment and publication of scientific results. Applications in technical, protective, medical and functional
textiles are outlined, together with the challenges facing the standardization of smart, nano-enhanced and
biodegradable materials.

Keywords: textile materials science; standardized testing; accredited laboratory; ISO/IEC 17025, metro-
logical traceability; functional textiles
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1. BLBenenue

TekcTUIIHUTE MaTepuaid HaMupaT IMIHPOKO
MPUJIOKEHUE B OOJIEKJIOTO, TEXHUYECKHSI TEKCTUII,
MEAMIIMHCKHUTE U3/1eTHsl, ABTOMOOUITHATA MH Ty CTPUS
u MHOXecTBO Apyru cdepu [1]. Hapactpammre
M3HUCKBaHUSI KbM KauyecTBOTO, Oe30macHOCTTa U
(GYHKIIMOHATHOCTTa Ha TEKCTUJIHHUTE MPOAYKTH
HajaraT  W3MON3BAaHETO HAa  OOCKTHBHH U
BB3IPOU3BOAMMH METOJH 32 TAXHOTO OLICHsBaHe [2,
3]

Hayunwute n3cnensanus B 001acTTa Ha TEKCTHITHO-
TO MaTepHaJio3HaHUE Ca HACOYEHU KbM pa3paboTBaHe
HA HOBHM BJIaKHA, MPEXIU, THKaHU, HETHKAHU
TEKCTUJTHH CTPYKTYPH U CIICIUATHH (YHKIIHOHATHH
MOKPUTHS, BKJIIOUUTEIHO HAHOCTPYKTYpUpaHH U
EIeKTPONPOBOIMMHU cucTeMu [4, 5]. 3a ma Obaar
pe3yiTaTute OT Te3W pa3pabdOTKU HAASKIHH U
CPaBHMMM MEXIY pa3jIMuHU HU3CJIEI0BATEICKU
rpynH, € HeoOXOOAUMO W3MUTBAaHMUATA Jla Ce
MPOBEXKAAT MO CTaHAAPTU3UPAHU METOAU B
1ab0paTopuu, YUATO KOMIIETEHTHOCT € (hopMaHO
npusHara, T.e. akpeautupanu no ISO/IEC 17025
[6].

JoxnaabeT mma oO3o0peH xapakrep. Llenta my
e gna o0o0mm ponsTa Ha CTaHAAPTH3IUPAHUTE
W3MHUTBAaHUS W Ha aKPEAUTHUPAHHUTE Jlaboparopuu
B TEKCTUJIHOTO MaTepHallo3HAHUE U Ja IOKaxe
KaKk T€ OCHUTypsiBaT HayyHara JOCTOBEPHOCT
Ha pazpaboTkute. Pasmenanu ca: 0o0XBaThT Ha
CTaHJAapTU3UPAHUTE METOJAM; 3HAYEHHUETO Ha
aKkpenuTanuaTa; (YHKIMUTE Ha W3MUTBAHUSATA B
HAy4YHOU3CJIEI0BATEICKUS NPOLEC; NPAKTUYECKUTE
NPWIOKEHUS] M [peIu3BUKATENCTBaTa  Ipej
Pa3BUTHETO HA CTaHAApPTHU3AIMUATA.

2. ChuiHOCT ¥ 00XBAT HA CTAHAAPTH3UPAHUTE
M3NHUTBAHUSA

CrannapTu3upaHuTe U3MUTBAHUS ca MPOLEAYpPU
3a ompezensHe Ha (PU3UKO-MEXaHWYHH, XUMUYHU U
eKCIUTOATAIllMOHHU XapaKTePUCTUKH Ha TEKCTHITHATE
Marepuail ChIVIACHO YTBBPACHU HAIMOHAIHU
U MEKIYHapoOIHM CTaHAapTH. B  TekcTmiHara
NpakTHKa Haii-4ecTo ce Mpuiarar CTaHAapTUTE Ha
MesxayHapoaHaTa OpraHu3alys o CTaHAapTU3aLUs
(ISO), eBponeiickure crannaptu (EN), crannaprure
Ha ASTM International (American Society for
Testing and Materials) u Obirapckute Abp:KaBHU
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crangaptu (bJIC); eBpomelickute cranmapta EN
ISO ce BbBexkaaT Ha HanMoHanHO HUBO Kato BJIC
EN ISO. OcBen camara mporeaypa, CTaHIApPTHTE
perIaMeHTUparT 1 YCIOBUATA Ha KOHIULIMOHUPAHE U
W3MHUTBaHE: 00pa3IMTe Ce M3MUTBAT B PaBHOBECHE
ChC cTaHAapTHa arMmocdepa [7], a 3a SKOCTHHTE
nokazarenu 1o ISO 13934-1 e mnpeasBuaeHo
M3NUTBAaHE KAaKTO HA KOHAMIIMOHMPAHU, Taka U Ha
MOKpH 00pa3iu [8].

Upes cTaHaapTU3UPAHUTE METOIU CE OIPENEsIT
MOKa3aTelu KaTo SIKOCT Ha OIbH, YABIDKEHUE MpPU
CKbCBaHE, YCTOMUYMBOCT HAa U3HOCBAHE M HA MMHJIMHT,
BB3IYXOIMPOHUIIAEMOCT, BOJIOTIOTJTBIIIAEMOCT,
LIBETOYCTOMYMBOCT TpH  I[paHe, TpPUEHE U
CBETJIMHA, YCTOWYMBOCT HA XUMHYHU BB3JCHCTBUS,
TOITMHHU ~ XapakTepUCTUKA U CHEKTPaJHU
orpaxkarenau koeduimeHtu [2, 3]. Ilpumaranero
Ha CTaHJAPTU3WPAHU TPOLEAYPHU  TO3BOJISABA
pesyaTarute Aa ObJaT CpaBHSIBAHM HE3aBUCHUMO OT
MSICTOTO Ha MPOBEXK/IAHE HA U3MUTBAHETO.

2.1. MexaHU4YHM MOKA3aTeJIN

SxocTTa Ha ONBH M YIBIDKEHUETO TIpHU
CKbCBAaHE HAa THKAHWUTE CE€ OMPENEAT MO METOona
Ha neHTtara cbrmacHo ISO 13934-1, karo ce
M3MEpBAaT MaKCUMaJlHaTa CWIa U YIbIDKEHUETO
NPy MaKCMMajlHAa CHJla HAa MallliHa C TOCTOSHHA
ckopoct Ha yabpkaBane (CRE) [8]. MeromsT e
MPUIOKUM OCHOBHO 3a TbKaHU, BKIIOUUTEIHO
TaKWBa C €JACTUYHU BJAKHA, U IO MPABUJIO HE €
MOJXOJIAI 33 T€OTEKCTUIIM, HEThKaHU MaTepualH,
MaTepHalii C TMOKPUTHUE U THKAHU OT CTHKICHU
WU BBIJIEpONHU BiakHa [8]. 3apaBuHara Ha
IIIEBOBETE CE OIICHSBA Ype3 MaKCUMaJlHaTa cuia J0
paspyliaBaHe Ha ILIeBa 110 MeToza Ha jeHTara (ISO
13935-1) [9], a chIpOTHUBIEHUETO HA pa3gUpaHE —
o MeTofAa ,,MaHTAJIOH* (€IMHUYHO pa3zaupaHe) u
1o Meroja ,,e3uye’ (ABOMHO pa3nupaHe) ChIIACHO
ISO 13937-2 u ISO 13937-4 [10]. 3aBucuMOcCTTa
HanpexxeHne—aedopmaius 10 paspyuiaBaHe (Dur.
1) xapakrepuszupa MEXaHUYHOTO IIOBEJACHHUE Ha
MaTepuayia u Onpeesis TPaHuINTe Ha Oe3omacHara
My ekcrutoararus [2, 11].
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Toukara Ha npeuynBaHe: YCTOMYMBOCT HA ONbH U pa3aupaHe

TOUKA HA
MPEWYNBAHE ; ||

HanpexeHue

Ledopmayun

NN — (( N — ( SSTST——WER
OnbH 1 pasTernuBocT | [vHamuKa Ha Wwesa i Cunum Ha pasavpane
(BAC EN ISO 13934-1): [ (BAC EN 1SO 13935-1): (BAC EN ISO 13937-2 & 4):
Makcumanha cvna no Makcumanta cuna Ha - ‘ M3nuTBaHUA No MeToAn
METOAa Ha Lana NexTa. ckbeeaHe (STRIP metop). | NaHTanoH W e3nk.

TouHo onpegensHe Ha MeXaHWMYHWA NTMMUT Ha TEKCTUAHATa CTPYKTypa 3a be3onacHa ekcnaoarauma Npy eKCTPEeMHWU HAaTOBAPBAH ' /A NotebooklM

Quezypa 1. Yemoiiuusocm na onvi u pazoupane: Munudha Kpuga HanpesjiceHue—oeghopmayusi 00 mouka Ha
paspywasane u npunodxcumu cmanoapmu (BJC EN ISO 13934-1, 13935-1, 13937-2 u -4).

2.2. U3HOCBaHE M MUJIHHT Ha Maca (4acT 3) U OIEHKara Ha MpPOMsIHATa BbHB
VYeroiiumBOCTTa HA M3HOCBAHE CE€ ONpEAENs Ha BeHIIHUS BUA (dact 4) [12]. CkJIOHHOCTTa KbM
anmaparypa Ha Martindale mo cepusra ISO 12947, o0OpasyBaHe Ha IMUJIMHT, pa3BJIacsiBAaHE U MAaTHPAHE CE
KOATO 00XBaIla anaparypara (4act 1), onpeaensHeTo oleHsBa 1Mo moauduuupanus meron Ha Martindale
Ha pa3pyliaBaHeTo Ha oOpasemna (dact 2), 3arybara cbrmacHo [SO 12945-2 [13]. [IuauHreT 3aBUCH OT

®n3nKa Ha U3HOCBAHETO: OVWHaMmnyeH mexaHU4yeH aHanus

| » [

O6opyaeaxe: Anapatypa Ha
Martindale

Mpunoxumu cTaHaapTU:

+ BACEN ISO 12945-2: CKnoHHOCT
KbM 06pasyBaHe Ha NUAKHT
(pasBnacaBaHe 1 maTupaHe).

BAC EN ISO 12947 (YacTu 1-4):
YCTOMYMBOCT Ha NpeTpyBaHe,
TOYKa Ha paspylwasaHe 1 3aryba
Ha maca.

M3HOCBaHETO HE e MHUMAEHT, a
npeasuaum npouec. Metoabt
KONWYecTBEHO U3MEepBa

W3 PBHKNMBOCTTA HA MOBBPXHOCTTA
Yypes CNO0KHWU KPUBM Ha TpueHe.

A NotebookLM

Duzypa 2. Anapamypa na Martindale u npunosicumu cmandapmu 3a uznocsane u nuaune (B4C EN ISO 12945-2 u
BJ[C EN ISO 12947, uacmu 1-4).
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CBOICTBaTa HA BJIaKHATa, CTPYKTypara Ha Mpexjaara
M TUJIaTOBETE M OT YCJIOBHSTAa Ha EKCIUIoaTalus
[14], a onleHkaTa My ocTaBa MPEAUMHO CyOEKTHBHA
[15]. KomnuecTBEHOTO M3MEpBaHE HAa M3HOCBAHETO
MPEBPBIIA TO3H MPOIEC OT CAy4YaitHO HaOIIOeHUE B
MIPEABUANM U CpaBHUM Toka3zaten (Dwur. 2).

2.3. Kom¢popTHU M OapuepHHN MOKa3aTeu

Bb3nyxonpoHunaeMocTTa Ha TEKCTHIIHUTE Ija-
ToBe ce onpezaens no SO 9237 [16], a TOMIMHHOTO
U BOJIONAPOINPONYCKINBOTO CBHIPOTHUBICHHE B
CTaIlMIOHAPHM YCJIOBMS — 10 METOJla Ha HarpsiBaHa
mwioya ¢ u3notrsBaHe (sweating guarded-hotplate)
cbrtacHo [SO 11092 [17]. Meronurte 3a onipesiesisie
Ha MPOMYCKINBOCTTA, KOM(POPTHUTE U XUMHUYHHUTE
MoKa3aTesy ca CUCTEMaTU3upanu B [3].

2.4. lIBeTOyCTOHYMBOCT

[[BeToycTOUMBOCTTA CE€ OILIEHSABAa IO CepUATa
ISO 105: npu npane (ISO 105-C06), npu Tpuene
(ISO 105-X12) u npu BB3ICICTBIE HAa U3KYCTBEHA
cBeiMHa OT KceHoHoBa Jyamma (ISO 105-B02)
[18]. Te3u mokasarenan ca OT 0COOCHO 3HAYCHHE 3a
W3NS, TP KOUTO IBETHT MMa (DyHKIIMOHAIHO
3HaYeHHE, HAPUMEP MACKUPOBBLYHHUTE TEKCTHIIH (T.
2.5uTt5).

2.5. CnieKTpa/JIHH XapaKTePUCTUKH

CrekrpasiHata OTpa)kaTeJiHA CIIOCOOHOCT W
MPOIMYCKIMBOCT Ha TEKCTUJIIHUTE MOBBPXHOCTU C€
M3MEpBaT CHEKTPO(HOTOMETPUYHO, a I[BETOBHUTE
KOOpDAMHATH W IIBETOBHUTE PA3JIUKU C€ W3YUCIISIBAT
no cuctemara Ha CIE [19]. B ynrpaBuonetoBus
JMAna3oH M3MEPEHOTO CHEKTPAIHO MPOIyCKaHEe
CiIyxu 3a ompenensHe Ha (akxropa Ha UV 3amura
(UPF) na mnaroBete 3a obnekno mo EN 13758-
1 [20]. B nmpoyuBane Ha 236 ruiata 3a oOnekia oT
konekruute mposetr/asato 2000 u 2001 . Gambi-
chler u cpaBT. ycTanossBar, ue 33 % ot 1uiatoBere
cac UPF <15,acamo 48 % —c UPF >30[21], koeTo
nogyepTaBa HEOOXOAMMOCTTA OT CTaHIAAPTU3UPAHO
U3NHUTBaHE M Mapkupane. Dakropute, BIHUSICIIN
Bppxy UV 3ammurara (mopectoct, BHJ, LBSIT,
Maca U jaebelliHa Ha IUiaTa, KAKTO M pasTsAraHe,
OBJIAKHSIBaHE W TIpaHe), ca 0000mmenn ot Hoffmann
u cpaBr. [22]. B Onmskara mHdpadepeHa (NIR)
o01acT cHeKTpajgHaTra OTpakaTreaHa CIOCOOHOCT
orpeiens Kak 00JeKI0TO ce Bb3IMpHueMa npe3 ypeau
3a HOIIHO BIKIAHE W € KIIOUOB IIOKa3aren 3a
MacCKUpPOBBYHUTE TeKCTWH [ 1, 23] (Dwur. 3).

HeBuanmoTo 60iHO none: CnekTpaneH aHanus 1 MackKMpoBKa

- Yntpaeuonetos (UV)

sl VIS — ||~ Bausbk undpayepseH (NIR) .

B

Knto4oBW NpUnoXeHus

1. OTpaxarenHa cnocobHOCT: Mi3amepBaHe Ha
MOBEAEHNETO Ha MaTepyana 0T/, YOBELLKOTO
3PEHUE.

2. 3alMTHM CBOMCTBA; [POEKTMPAHE Ha TEKCTMN,
KoiTO abcopbupa nnu otpassea UV cnekTbpa.

3. ONTM4HA MacKUPOBKaA: KpUTMYHO NPUNOXEHWE
BbB BOEHHATA EKMNMPOBKA 3a NPOTUBOAENCTBME Ha
ypeau 3a HowHo euxaaHe (NIR cnekTsp). '

A NotebookLM

@Duzypa 3. Cnexmpanen ananus ¢ yimpasuonemosama (UV), suoumama (VIS) u 6nuskama ungpavepsena (NIR)
obracm u K408 NPULONHCEHUSL: OMPANCAMENHA CHOCOOHOCT, 3AUUMHIU CBOUCMBA U ONMUYHA MACKUPOBKA.
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3. 3HayeHue HAa aKpeAUTHPAHUTE J1a00PaTOPUH
Axkpeautanusta € o(uUIMaTHO TNPU3HAHHUE Ha
TeXHUYeCcKaTa KOMIIETEHTHOCT Ha JlTabopaTtopusiTa aa
W3BBPIIBA ONpeeTIeHN u3nuTBanus. B EBponeiickus
CbI03 H3HCKBAHMSTAa KbM aKpeAWTalUATa ca
ycranoBenu ¢ Permament (EO) Ne 765/2008 [24], a

Hal-pa3NpoCTPAHEHUAT CTaHJAPT 38 KOMIIETEHTHOCT
Ha JjabopaTopuuTe 3a U3MUTBAHE U KaIUOpHUpaHe €
ISO/IEC 17025 [6]. Akpeautupanara nsadbopatopus
OCUTypsiBa IPOCIEAMMOCT Ha HM3MEPBAHUATA,
BB3IPOU3BOAMMOCT Ha PE3YJITATUTE, KOMIETEHTHOCT
Ha IIEpCcOoHaJIa ¥ KOHTPOJI Ha KauecTBOTO (Dur. 4).

31aTHUAT CTAHAAPT HA ;_'[OBepne: ISO 17025 u Anaiu3 HA 1aHHUTeE

(Pesyntar 6e3
aKpegnTMpaHa
npocnea1MocT e NpocTo
NPEANoN0XeEHWE).

MeTponoriyHa npocneaMmocT

4. ﬂt‘dJHHMFIBHP Ha
ADBEpHT!
MHTEPBA

eNHK
anu

OcHOBYM Ha HafieXpHoCTTa

* TO4YHOCT Ha Kannbpupaxata
anapatypa

¢ Bucoka keanudukauusa Ha
nepcoHana

¢ CTPUKTHO CNa3saHe Ha
CTaHfapTusMpaHara
METOANKa

£ NotebookLM

@Duzypa 4. Obpabomka na OaHHUME OM USMEPBAHE 8 AKPEOUMUPAHA 1ADOPAmMopusi — om cyposume OaHHU 00
Pe3VImam ¢ Memponi0cudHa NPocieouUMocm

3.1. IlpociaeaumMocT HAa H3MEPBAaHUATA.
W3mepBarennuTe  cpenctBa ce  KamuOpupar
COPSIMO HAIIMOHAJIHU U MEXIYHApPOJIHU €TaJIOHU
ype3 JOKyMEHTHpaHa HeINpeKbCcHaTa Bepura oT
KamuOpupaHus, BCSIKO OT KOUTO JOMpHUHACS 3a
HEOIpeeeHOCTTa Ha U3MEPBAHETO; U3UCKBAHUATA
KbM Ta3W METPOJOTUYHA TMPOCIEIUMOCT ca
dbopmynupanu BnonutrkaraHa[LAC[25]. Pesynrar,
3a KOMTO JIMIICBA JJOKYMEHTHPaHa IPOCIEANMOCT, HE
MO’Ke J1a ObJie HaJIeKTHO CPaBHSBAH C PE3yaATaTu OT
IpyTy 1a00paTOPHH.

3.2. Bb3npoM3BOAMMOCT Ha pe3yJTaTure.
[Ipunaranero Ha CTaHAAPTU3UPAHU MPOLETYpPU
MO3BOJISIBA  MOBTOPSIEMOCT HA  M3MEpPBaHUATA
KakTO B paMKUTe Ha eaHa Jiaboparopus, Taka
U MEXIy pa3nuyHu  Jaboparopuu;  JIBETE

174

XapaKTEePUCTUKH Ha MPELU3HOCTTA — MOBTOPSIEMOCT
Y BB3MPOU3BOAUMOCT — ce onpenensat no [SO 5725-
2 [26]. ObexTBHA BBHHIIHA OIlEHKAa Ha padoTara
Ha JlabopaTtopusTa ce MojydyaBa 4pe3 M3MUTBAHUS
32 MPUTOAHOCT (MEeXayaabopaTOpHU CpPaBHEHUS),
opraamupanu cermacHo ISO/IEC 17043 [27] m
OIICHSIBAaHU CBHC CcTaTUcTHUYeckuTe Metogu mo ISO
13528 [28]; yuacTHeTO B TakuBa NPOrpaMu € €IUH
OT MEXaHHW3MUTE 32 MOHMTOPUHI Ha BaJUJHOCTTA
Ha pesyartarute o ISO/IEC 17025 [6].

3.3. KomnerenTHOCT Ha nepconaJja. M3nursa-
HUSITA €€  M3BbpIIBAT OT  KBaJIU(QHULUMPAHU
CHCLUATUCTH C  HEOOXOOUMHMTE  3HAaHUS U
MIPAKTUYECKH YMEHHS, YUATO KOMIIETEHTHOCT Ce€
OIIEHsABA U JOKYMEHTHpa [6].

3.4. KonTpos Ha KauecTBOTO. AKpEIUTUPAHUTE
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na0opaTopuu MOIABPXKAT CUCTEMA 3a YIIPABICHHE
Ha Ka4eCTBOTO, KOSTO rapaHTUpa HAaAEKAHOCT Ha
IPOLIECUTE U PE3YIITATUTE: BATUIUPAHE HA METOTUTE,
BBTPEILIEH KOHTPOJ U OLICHKA Ha HEOINIPEIeIEHOCTTa
Ha M3MEPBAHETO IO OOLIONPHETUTE PHKOBOACTBA
[29, 30]. OGOpabGoTkara Ha CyYpOBHUTE JIaHHU
BKJIIOYBA ONpEAEIsHE Ha CpPEAHU CTOMHOCTH,
OLIEHKA Ha OTKJIIOHEHHUSATA, aHAJIN3 Ha BapHalUATa U
nepuHUpaHe Ha JoBepuTenHU UHTEpBanu (dur. 4)

[3].

4. Poasi Ha cTaHAAPTU3MPAHUTE U3NMUTBAHUS
MPHU HAYYHHUTE Pa3padoTKu

Hayunou3scnenoBarenckara 1eMHOCT B TEKCTHII-
HOTO  MAaTepuajO3HAHWE M3UCKBA  OOEKTHBHO
JI0OKa3BaHE Ha MpeAMMCTBaTa Ha HOBOCH3A/JECHU
MatepuaJi MU TexHosoruu. CTaHAapTU3UPAHUTE
N3 TBAHUA N3M'bJIHABAT HAKOJIKO OCHOBHHU

(hyHKITUN.

4.1. Bepuduuupane Ha HAYYHHTE XHUIOTE3H.
Upe3 naOopaTopHU U3NUTBAHUSA CE€ IIPOBEpPsBa
nanu  pa3paOOTEHUSAT MaTepuan JAeHCTBUTEIHO
MpUTEXaBa TPEJABAPUTEIHO 33/1aJICHUTE CBOMCTBA.
Hanpumep npu  aHTHOaKTepHalHU  TEKCTWIN
edeKTUBHOCTTa Ha (yHKIMOHaIHAaTa 0O0paboTKa
ce omeHsBa konumdyecTBeHo mo ISO 20743, xoiiTo
BKJIFOYBA METOAM Ha abcopOius, TpaHchep wu
reyar, KakTo 1 onpezessiHie Ha Opost OakTepuu upes
noceBeH Mertoa uinu upe3 ATD-mymuHecueHUus
[31]. AnTUMHUKpOOHUTE areHTH (KBaTepHEPHHU
aMOHUEBH CbEIAMHEHUS, TPUKIO3aH, METaIHU
COJIM, TOJIMOWUTYyaHUIM, TPUPOAHH NOJIUMEpPU) U
MOAXOANUTE 3a TAXHOTO BBBEXkJAaHE B TEKCTWJIA ca
0000menu B [32, 33].

4.2. CpaBHeHue ¢ pedepeHTHH OOpa3Uu.
[TomyueHnuTe pe3ynTaTd TO3BOJSBAT CpaBHSBaHE
Ha HOBHTE MaTepHaId CBhC CHINECTBYBAIIUTE Ha
naszapa MPOAYKTH M ¢ KOHTPOJIHHU (HEOOpabOTEHM)
o0pa3iy, U3NUTAHU TIPU UIACHTUYHU yciaoBus [2, 3].
Taka edexTbT OoT HOBaTa 00paboTKa MOXe /1a ObJe
OTJeJICH OT BIMSHUETO Ha TEKCTUJIHATa OCHOBA.

4.3. CrarucTnuecka aocroepuoct. Cranuap-
TU3UPAHUTE METOMUKH  OIPENeNAT  YCIOBHSTA
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Ha W3MUATBaHE W Opos Ha 0Opa3IuTe, KOETO J1aBa
BB3MOXKHOCT 3@ CTaTUCTHYEeCKa o00paboTka Ha
JAHHUTE W OIIGHKa Ha TIXHATa JOCTOBEPHOCT
— CpeIHHM CTOMHOCTH, BapHalus, JTOBEPUTEITHU
uHTEpBa [3, 26].

4.4. IlyonukyBaHe HA HAy4YHH pe3yiaraTu. Karo
MpaBWJIO HAYYHHUTE CIUCAaHUS U KOHPEPEeHIUU
OYaKBaT PE3YJTATUTE J1a Ca MTOJIyYSHH Upe3 MPU3HaATH
MEXJAyHapOJIHH METOAM 3a H3NuTBaHe. JlaHHWTE
OT aKpeauTHpaHu JTabOpaTOpUM  3HAYUTETHO
IoBUIIABAaT Hay4YHaTa CTOMHOCT Ha Hy6JII/IKaIII/II/IT€,
Thil Karo MO3BOJSBAT HE3aBUCHMa IPOBEpKa U
BB3MPOU3BEXK/IAHE HA U3CIIEJIBAHETO.

5. IlpakTHYeCKH NMPUJIOKEHUSA B TEKCTHIHOTO
MaTepHaIo3HaAHNe
CrannapTuzupanuTe M3ITUTBAHUS HaMHUPAT
MPUIIOKEHUE TPH Pa3pabOTBAHETO HA BUCOKOSIKOCTHU
TEXHUYECKH TEKCTWIJIM, MHTEIUICHTHH TEKCTUIHU
MaTepHuagd, 3allUTHO OOJEKIIO, METUIIMHCKU
TeKCTHJI, CKOJIOTMYHH M OHOpasrpajuMH BIAKHA,
HAaHOTEXHOJOTUYHU  TEKCTWJIHM  TOKPHTUS U
(GYHKIMOHATHM TEKCTHIM C aHTHOAKTepHaIHU
nu UV-3ammuTHu cBolictBa. Bpb3kara Mexmy
TE3W HAlpaBJCHUS, W3MUTBAHUTE IIOKA3aTeIH U
NPUIOKUMHUTE METOAH € 0000meHa B Taom. 1.
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Tabauna 1. [IpunoxxeHus Ha cCTaHIAPTU3UPAHUTE U3UTBAHMS B TEKCTUIIHOTO MaTepuaio3HaHNue

Odaacrt Ha OCHOBHH H3IHATBAHH MeTtonn u
NPHJI0KeHHe NOKA3AT eI H H3TOTHAIH
BHCOKOAKOCTHH SIKOCT Ha OITbH H ISO 13934-1,ISO
TEXHUYECKH VABIDKEHHE, 3JpaBHHAa Ha | 13935-1, ISO 13937-
TeKCTHIH [IEBOBE, CHIIPOTHRICHHE | 2/-4, ISO 12947 [8-10,
Ha pa3IupaHe, 12]
H3HOCBAHE
HHTeTHTeHTHH MexaHAYHA H ISO 12947, ISO 105;
TEKCTHIH €KCIUIOATAHOHHA 3a ENeKTPHYECKHTE
YCTOHYHBOCT HA XapaKTEPHCTHKH —
TEKCTHIHATA OCHOBA CIleHATH3HPaHA
(H3HOCB aHEe, METOTHKH [5, 12, 18]
LIBETOYCTOHUHBOCT);
EIEKTPHYECKH U
CEH30PHH
XapaKTePHCTHKH

3amuTHO 00IEKI0

MexaHAuHa JKOCT,
H3HocBaHe, UV 3ammura,

ISO 13934-1, 1SO
12947, EN 13758-1,

TOIUTHHHO U ISO 11092 [8. 12, 17,
BOJOIApPOIpONycKIHBO | 20]
CBIIPOTHBIICHHE
MeIHIHHECKH AHTHOaKTEpHAIHA ISO 20743, ISO
TEKCTHI aKTHBHOCT, AKOCT, 13934-1, 1SO 9237 [8.
KOM(OpPTHH MoKazatemd | 16, 31]
EKomornuss u AepooHa ISO 14855-1, ISO
OnopasrpaIiMa OHOpa3rpaIHMOCT IPH 21701 [34, 35]
BIIAKHA KOMITOCTHPAHe
HanotexHomormuay | EdekTHBHOCT H ISO 105-C06, ISO
MOKPHTHA TpalHOCT Ha 12947, ISO 20743
o0paloTKara Clle[ IpaHe | (aHTHMHKPOOHH
H H3HOCBaHE, MoKpuTHA) [4, 36, 37]
0€e30I1aCHOCT 3a 3PaBETo
U OKOJIHATA cpefia
AnTHOakTepHamHH | AHTHOAKTepHAlIHA ISO 20743, EN 13758-
g UV-3amuTeEn aKTHBHOCT; (paKTop Ha 1[20, 21, 31]
(YHKIHOHATHH UV 3ammura (UPF)
TEKCTHIH
MacKupoBbYHH CrekrpanHa CrekTpo()OTOMETPH,
(BOCHHH) TEKCTHIH | OTpaKarelHa CIE 15; ISO 12947,

CIIocOOHOCT BBB VIS 1
NIR, mBeTOBa pasiHKa,
CTAa0HIHOCT ClIend
H3HOCBAHE H [IPaHe

ISO 105-C06 [19, 23,
38, 39]
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[Ipy MHTETUTEHTHUTE TEKCTUIN EJIIEKTPOHHUTE
KOMIIOHEHTH M BpPB3KM Ca HWHTETPUPAHU BBbB
BIIAKHATA, MpexAuTe win camus miat [5]. Hapen
ChC CHCHU(PUYHHUTE CIEKTPUYCCKH W CEH30PHU
XapaKTEPUCTUKH, KOUTO U3UCKBAT CIICIUATH3UPAHU
METOHMKH, TEKCTUIIHATa OCHOBA TPsIOBa J1a OTroBaps
Ha OOIIMTE MEXaHWYHHM U EeKCIJIOATal[MOHHU
M3HUCKBaHMUsI, pa3Iyie/laHu B T. 2.

HaHotexHonoruuTe MO3BOJISABAT TpHUIaBaHE Ha
YCTOWYMBOCT Ha BOJIA, MUPUC, IJIAMBK U TIETHA, HA
UV 3ammra U aHTUMHUKPOOHHM CBOMCTBA, KaKTO U
Ch3/1aBaHE HA CEH30PHU U EHEPTrUiiHU (QYyHKIUU B
tekctuna [4, 36, 37]. Jloka3BaHETO Ha TpailHOCTTA
Ha Te3u O0OpabOTKM Hajara W3MHUTBAHUSA CJel
CTaH/JAPTH3UPAHA BB3JICHCTBUSA, KAaTO TMpaHe U
n3HocBaHe (T. 2.2 u 2.4).

OrneHkata Ha EKOJOTMYHHTE W OHMOpa3rpagrMu
BJIAKHA WM3UCKBa CHEHU(PUYHU METOAU, HAMPUMED
ISO 14855-1 3a aepoOHa OMOpa3rpaUMOCT TIPH
KOHTPOJIUPAHU YCJOBHUS Ha KOMIIOCTHUpPaHE upe3
aHaJIM3 HA OTICJICHHS BBITIEPOACH AUOKcHUI [34] u
ISO 21701 3a yckopeHa xuapoiin3a Ha TEKCTHIIHU
MaTepuaid W TMOCJeaBalia OHopa3rpaguMoCT Ha
xuaponusara [35].

MacKkupoBbYHHTE  TEKCTUIM  WUIIIOCTPHUpAT
He0oOX0IMMOCTTa OT KOMILIEKCEH Toaxoa. Rubeziené
U CBaBT. H3MEpBAT CIICKTpaliHATa OTpakaTeJTHA
CMOCOOHOCT Ha Te4YaTHH KaMmy(JaXHH IUIaTOBE
B gmuanazona 400-1100 nm (reomerpus 0/45,
ocgetuten D65/10°) u 3a ropcku kamyduaxeH
JIeCeH Ha JIMTOBCKaTa apMHUs OIpeNessT TpaHUYHU
croiinoctu B NIR oOmacrra: 3emen ussar 40-55
%, xkadsaB < 25 %, gepen < 10 %, npu pasnuka
Mex Ty KadsiBust v uepHust BT Hax 7 % [23]. Te3un
MoKa3aTenii o0aue He ca CTAOMITHU B €KCILTOATAITHS:
npu usnuTBaHe Ha abpasus IR orpaxarennusr
MHJEKC Ce MOBUIIIaBa MOPaJHu MOBPXHOCTEH TJIAaHIL
[38], a cmen 20 mpaHera LBETOBara pasjiuKa MpHU
kasasus ussat goctura AE = 4,3 npu gomycruma
Mo BOEHHa crenudukanus crortHocT 2,0; OCBEH
toBa NIR-o6paborenuTe IU1aTOBE IOKa3BaT II0-
BHCOKA 3alaJiUMOCT OT HeobOpabotenure [39].
CrnenoBarenHO CHEKTPAJIHUTE, MEXaHUYHUTE U
JpyTUTE EKCIUIOATAllMOHHU M3MUTBAaHUS TPsOBa /a
Ce pa3mIexk/1aT BbB B3aUMHa BPB3Ka.

6. Ilpenn3BUKaTeJICTBA M NEPCIEKTHBH

Pa3BuTHeT0 HAa HOBHU TEKCTHUJIHHM TEXHOJOIHUH
Hajara HCIIPCKBbCHATO YCBBBPIICHCTBAHE Ha
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M3MUTBATENHUTE MeTOIU. [losiBaTa HAa UHTENIUTEHTHU
TEeKCTWIH [5], HaHoMarepuanu [4, 37] U yCTOMYHUBHU
€KOJIOTMYHU MPOJYKTHU U3UCKBA pa3pabOoTBaHETO Ha
HOBHM CTaHJIAPTH, KOUTO J1a OTPa3sBaT CrCIUPUIHUTE
XapaKTEepPUCTUKH HA TE3W Marepuanu. Morar na ce
OTKPOSIT TPH HACOKHU.

CrangapTuzanusta M30CTaBa OT MaTepUajuTe.
3a omeHka Ha OuOpas3rpaJuMOCTTa Ha TEKCTHII
ce BBbBEXJAT cHelualu3upaHu Meronau, karo [SO
21701 [35], a 3a HaHOPYHKIIMOHAIHUTE 00PaOOTKU
OCBEH e(EeKTHBHOCTTa TpsiOBa J1a ce OLEHSABAT U
IIOTEHLMAJHUTE PUCKOBE 3a 3APAaBETO U OKOJHATa
cpena [37].

CyOexTUBHOCTTa Ha BHU3YyaJIHHUTE  OLIEHKH.
OneHkara Ha MUJIUHTA 110 €TAJIOHU € U3TOYHHUK Ha
TPEIIKH U HUCKA €(PEKTHBHOCT, KOETO CTHMYJIHpA
pa3paboTBaHEeTO Ha OOCKTUBHH METOIM, OazupaHH
Ha MAalIMHHO 3peHHe: Jiao U ChaBT. ChOOLIaBAT
3a TOYHOCT Ha kiacudukauus 96,26 % BBPXY
pa3HooOpa3Hu wu300pakeHUss Ha TuiatoBe [15].
BbBexknanero Ha TakuBa METOAM B aKpeIUTHUpPaHU
naboparopuy M3UCKBAa BAJIWJUPAHE M OILCHKA
Ha HEONPEJENIECHOCTTa MO T. 3. Ha M3HOCBAHETO
u npanero [38, 39] noka3Bar, 4ye MOKa3aTEJIMUTE
TpsiOBa /1a ce POBEPsIBAT U Cliel] CTaHAaPTU3UPAHU
BBL3IEUCTBUSL.

AKpeauTupaHuTe J1abopaTOpHH 1€ MPOIBIIKAT /1a
UTpasT KIKUOBa pojisl B poIieca Ha BaJuAUpaHe Ha
HOBUTE METOJIUKU U OCUTYPSIBaHE Ha MEKTyHAPOIHO
IIpU3HATU pe3ynraru [6, 27].

7. 3akiI0ueHue

CTaH)IapTI/IBI/IpaHI/ITe U3NUTBAHUA Ca OCHOBCH
€JIEMEHT oT CHBPEMEHHOTO TEKCTUITHO
Martepuano3Hanue. Te ocurypsBar 0OEKTHBHA
OILICHKA Ha CBOMCTBaTa Ha TEKCTWJIHUTE MaTepHalu
U Ch3J1aBaT yCIOBHS 32 CPABHUMOCT M HAJIEKIHOCT
Ha pesynrarute. M3mon3BaHeTro Ha akpeIUTHpPaHU
nmaboparopuy rapaHTHpa BHCOKAa CTEICH Ha
TOYHOCT, TMPOCICANMOCT U BB3INPOU3BOAUMOCT
Ha U3MCPBAHUATA. B HAaYYHOU3CJICAOBATCIICKATA
JEHHOCT Te3u (PaKTOPH ca OT ChIIECTBEHO 3HAYCHUE
3a JJ0Ka3BaHe Ha HAyYHUTE XUIOTE3H, pa3padoTBaHe
Ha MHOBAaTUBHU MarepHalldi U MyONUKyBaHe Ha
HaydyHOOOOCHOBaHM  pe3ynraru. (CremoBareiaHo
B3aUMOJICUCTBUETO MEXAY CTaHAAPTU3UPAHUTE
U3IUTBAHUA W aKpEAUTUPAHUTE JabopaTtopuu e
(dbyHIaMeHTalHa MPEANOoCTaBKa 3a Pa3BUTHETO Ha
TEKCTUJIHATA HayKa U UHIYCTPHSI.
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