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Abstract: This monograph examines modern materials, technologies and concepts related to the
development of protective clothing, with a particular emphasis on military applications. The main
requirements for protective clothing as a multifunctional system providing protection from thermal,
chemical, biological, mechanical and ballistic effects, while maintaining comfort, ergonomics and
adaptability, are analyzed. Special attention is paid to the role of nanotechnologies and functional high-
tech textile materials, which allow the creation of innovative solutions with improved physical-
mechanical, hygienic and protective characteristics. The study emphasizes the importance of the growing
requirements for textile materials used in defense, which require the implementation of innovative
solutions based on high-tech materials and processes. Particular attention is paid to the role of
nanotechnology as a key factor in the creation of materials with new functional properties, including
increased strength, reduced weight, water and fire resistance, as well as improved barrier characteristics.

The development of functional and intelligent textiles (smart textiles), which integrate modern fibers,
polymers, nanomaterials and electronic components, is examined. These systems allow expanding the
functionality of protective clothing by incorporating sensors, monitoring of physiological parameters,
thermoregulation and communication capabilities. Electronic textiles (e-textiles), based on the use of
electrically conductive fibers and polymers, as well as chromic textiles, which change their properties
under the influence of external stimuli, are also analyzed. The study emphasizes the need to achieve an
optimal balance between the degree of protection and the weight of the equipment, which is a key
challenge in the design of modern combat clothing.

Functional coating and lamination technologies, including water-repellent, flame-retardant, and
multifunctional coatings, as well as the mechanisms of action of nanocomposites, are also analyzed.

The monograph examines the process of designing protective clothing through a systematic approach,
including threat identification, requirements definition, material selection and evaluation, and design
verification. The importance of balancing protection with ergonomic features is emphasized, taking into
account the impact of weight, flexibility, and thermal comfort on the effectiveness of military personnel.

The importance of real-world operating conditions and end-user feedback is emphasized. Particular
attention is paid to the development of ballistic materials and trauma reduction technologies, including the
use of multilayer structures, energy-absorbing materials, foams, and systems. Various approaches to
optimizing protection with minimal increase in weight and thickness of systems are analyzed.

In conclusion, it is emphasized that the development of protective textile systems is the result of the
integration of achievements in the field of materials science, nanotechnology and electronics. Future
trends are aimed at developing lightweight, flexible and adaptable systems with a high degree of



functionality, which will meet the complex requirements of the modern combat environment. Emphasis is
placed on the need for an interdisciplinary approach, technology transfer and continuous improvement of
materials and design solutions.

Pestome: Hacrosmmara monorpadus pasmiexja ChbBPEMEHHHTE Marepualiid, TEXHOJOTHH |
KOHIEMIINY, CBBP3aHH C pa3padOTBAaHETO HA 3alIUTHU OOJIEKIAa, C OCOOCH aKLEHT BBPXY
BOCHHHTE MPHJIOKEHH. AHAIM3UPAHU Ca OCHOBHUTE M3MCKBAHUS KbM 3aIIUTHOTO OOJIEKIIO KaTo
MHOFO(bYHKHHOHaHHa CUCTCMA, OocurypsBalla 3almuTa OT TCPMHUYHH, XUMHUYHU, 6I/IO.TIOI‘I/I‘-IHI/I,
MEXaHWYHU ¥ OaJMCTHYHHM BB3ACHCTBHS, NIPU E€IHOBPEMEHHO 3ama3BaHe Ha Komdopr,
€pProHOMHUYHOCT ¥ ajanTUBHOCT. CrenuaniHo BHUMaHUE € OTJEIEHO Ha poisiTa Ha
HAHOTEXHOJIOTUUTE M (PYHKIMOHAIHUTE BHCOKOTEXHOJIOTHYHH TEKCTHUJIHU MaTe€pHalH, KOUTO
IMMO3BOJIABAT Chb3aBaHCTO HA MHOBATUBHU PCIICHUSA C HOI[O6pCHI/I (1)I/I3I/IKO-MCX3HI/I'-IHI/I, XUTUCHHHU
U 3aIIUTHU XapaKTEpUCTUKU. B WM3ciienBaHeTo ce momdyepraBa 3HAYCHUETO HA HApPACTBAIIUTE
HN3UCKBAHUA KbM TCKCTUJIHUTC MArcpuaid, H3IO0J3BAaHU B 0T6paHaTa, KOHUTO Hajarar
BHEJPSBAHETO HAa WHOBAaTUBHHU pEIICHHs, Oa3sMpaHW Ha BHCOKOTEXHOJIOTHYHH MaTepHAIH H
nporiecu. Oco0eHO BHUMAaHHE € OTAEJCHO Ha pOJIATa Ha HAHOTEXHOJIOTMUTE KAaTO KIIOYOB
dakTop 3a CB3IABaHETO HAa MaTepHald C HOBUM (DyHKIMOHAIHH CBOMCTBA, BKJIFOYHTEIIHO
MOBHIIICHA 3/[paBUHA, HAMAJICHO TETJIO, BOJAO- M OTHEYCTOWYHMBOCT, KAKTO M MOJ00peH OapuepHu
XapaKTEePUCTUKH.

Pasmiienano € pa3BuTHETO Ha (PYHKIMOHAIHWTE W WHTEIUTCHTHU TEKCTWIH (smart
textiles), KOMTO MHTETpUpaT CHBPEMEHHH BIIAKHA, MOJMMEPU, HAHOMATEPUAIU U EIEKTPOHHU
KOMIIOHEHTH. Te3W CHUCTEeMHU IT03BOJISIBAT pasmivpsiBaHEC Ha d)YHKHHOHaJIHOCTTa Ha 3alllUTHUTC
oOnekna 4pe3 BKIIOYBAHE HA CEH30PHM, MOHHTOPHHI Ha (DU3MOJIOTUYHU IIOKa3arelly,
TEpMOpETyIanud 1 KOMYHUKAIITUOHHU Bb3MOKHOCTH. AHaJII/I3I/IpaHI/I Ca CbIIO TaKa CJICKTPOHHUTC
TekcTiim (e-textiles), 6a3upany Ha M3MOJI3BAHETO HA EJIEKTPOIPOBOIMMHM BIIAKHA M MOJMMEpH,
KaKTO U XPOMHHUTC TCKCTHJIM, KOUTO IIPOMCHAT CBOMCTBAra CH 1104 B”I)3I[€I\/JICTBI/I€ Ha BBHIIHU
crumynu. M3crenBaHeTo akIEHTHUpa BBPXY HEOOXOAMMOCTTa OT TOCTHIaHE Ha ONTHMAJICH
OanmaHc MEXIy CTEIEeHTa Ha 3allUTa U TEIIOTO Ha 000pyIBaHETO, KOETO MPEACTABISABA KIFOYOBO
IPEIN3BUKATEIICTBO MPH MIPOSKTUPAHETO HA ChBPEMEHHH OOWHM O0JIeKIIa.

AHanu3upaHu ca ChIIO Taka TEXHOJIOTMHUTE 32 HAHACAHE Ha (DYHKI[MOHAJIHU MOKPUTHS U
JAMUHUpPaHE, BKJIIOYMTEIHO BOAOOTONBCKBAIM, OTHEYCTOWYMBM M MHOTO()YHKIMOHATHU
IMMOKPHUTHUSA, KAKTO U MCXaHU3MHUTC HA HeﬁCTBHC Ha HAHOKOMIIO3UTHUTCE.

MoHorpagusta pasmiexaa Ipoleca Ha NPOEKTUpaHe Ha 3allUTHH oOJIeKiIa upe3
CHUCTEMCH I101X0/I, BKJIFOYBaAII] I/IILCHTI/I(bI/IIII/IpaHe Ha 3aIiaxurTe, I[C(i)I/IHI/IpaHC Ha HU3HUCKBAaHUATA,
u300p U OIIEHKa Ha MaTepuaiy, KakTo U BepuduKanus Ha AusaiiHa. [ToquepraBa ce 3HaYEHUETO
Ha OaylaHca MEXIy CTEIeHTa Ha 3alluTa U ePrOHOMHYHHTE XapaKTEPUCTHKH, KaTo CE OTYMTA
BIMSHUETO Ha TENIOTO, I'bBKABOCTTa M TOIUIMHHHUSA KOM(OPT BbpPXYy €(QEeKTHBHOCTTa Ha
BOCHHOCITYXKEIIIUTE.

IToguepraBa ce 3HaUEHUETO Ha PeaJHUTE YCIOBUS Ha €KCIUIoaTalus U oOpaTHara Bpb3Ka
oT KpaitHust norpedburen. OcoO0eHO BHUMaHHE € OT/AEICHO Ha PAa3BUTHETO Ha OaJUCTHUUYHUTE
Marepuaid M TEXHOJOTMHUTE 3a HaMalsgBaHE Ha TpaBMaTa, BKJIIOYMTEIHO H3IMOJI3BAHETO Ha
MHOTOCJIOHHM CTPYKTYpH, €HEPronoIbIlalll MaTepuaau, MIHU U CUCTEMHU. AHAIM3UPAHU ca
Pa3JIMYHM MOAXOM 32 ONTUMU3MpaAHE HA 3allMTaTa MpU MUHUMAJIHO yBeJIMYaBaHE Ha TENIOTO U
nebenHara Ha CUCTEMUTE.

B 3akitoueHue ce mojuepraBa, Y€ Pa3BUTHUETO HA 3AIIMTHUTE TEKCTUIIHU CHCTEMH €
pe3ynTar OT UWHTETpalusaTa Ha TOCTIDKEHHs B 00JacTTa Ha MaTepUallO3HAHHETO,
HaHOTEXHOJIOTUUTE U €JIeKTPOHUKaTa. bbenuTe TeHACHIIMN ca HACOYEHN KbM pa3paboTBaHe Ha
JIEKU, I'bBKAaBU U aJalITUBHU CUCTEMH C BUCOKa CTCIICH Ha Cb}IHKIII/IOHaJ'IHOCT, KOWUTO Aa OTToBapsiT
Ha KOMIUIEKCHUTE HW3UCKBAaHUS Ha ChbBpeMEHHara OolHa cpeaa. AKLEHT ce IOCTaBsl BbPXY
H606X0)II/IMOCTTa OT MHTCPAUCHUINNIMHAPECH MTOAXO0J, TCXHOJOTMYCH Tpchq)ep U HCIPEKBCHATO
YCBBBPIICHCTBAHE HAa MAaTepUAIIUTE U KOHCTPYKTUBHUTE PEILICHHUS.



Cratun

Spasov A., Mladenov I., Kostova K., acad. Topchiyski I., Circular knitted fabric ""Guard™
with internally laid metal thread for protection from electromagnetic fields, 43rd World
Knitting Congress, Plovdiv, October 1-5, 2006. Journal of Textiles and Clothing. Issue
1/2006. ISSN 1310-912X (Print), ISSN 2603-302X (Online), 5-18, 2006. (SCOPUS)

Abstract: The increasing impact of electromagnetic radiation (“electrosmog”) on the human body as a
result of modern technological development is examined. It is described that, depending on the frequency
and intensity of the fields, they can cause tissue heating and functional disorders in the nervous, hormonal
and cardiovascular systems, united in the concept of “radio wave disease”. Two main methods of
protection are presented — shielding of the radiating sources and the use of special protective clothing.
The emphasis is on the development of textile materials with embedded electrically conductive fibers
(copper, silver, nickel, etc.), which provide effective shielding of electromagnetic fields. Through a
specific knitted structure and combination of layers, a high degree of protection is achieved, while
maintaining the comfort, elasticity and freedom of movement of the person.

The development of a special knitted textile material “Guard” with embedded metal threads, designed for
protection from electromagnetic radiation, is presented. The technological scheme of production is
described, in which a double-sided fabric-like structure is created on a circular knitting machine by
alternating double-sided and single-sided semi-rapid stitch rows. Metal threads are embedded in the
structure in the form of press loops, located on the opposite stitches, and by dephasing the stitches, their
uniform distribution and formation of an effective conductive network are ensured. A specific
technological implementation using a specialized large-diameter circular knitting machine equipped with
a weft-laying system is considered. Different types of metal threads were used in the development process
- copper wires (insulated, nickel-plated and tin-plated), which allows the creation of several variants of
the fabric with different properties. A simpler technological variant is also described, in which the metal
threads do not form a continuous grid, but are in a smaller quantity, which makes the material suitable for
applications related to heating by electric current. In order to evaluate the main functional indicator — the
ability to attenuate electromagnetic energy — experimental studies were conducted using established
standardized methodologies. The measurements were performed in the frequency range 5-12 GHz by
comparing the emitted and received power in the presence and absence of the textile material between the
source and the receiver. The results confirm the good radio-protective properties of the developed textile
and its compliance with the previously specified physical and technical characteristics

Pestome: PasmienaHo e HapacTBallOTO BbB3JEHCTBHE HA €JIEKTPOMArHUTHUTE W3ITbYBAHUSA
(,,eTTeKTPOCMOT*) BBPXY UOBEIIKHS OPTaHWU3bM B PE3YyNTaT OT CHBPEMEHHOTO TEXHOJOTUYHO
pasBuTHe. OnuUcBa ce, 4ye B 3aBUCUMOCT OT 4eCTOTaTa M MHTEH3UBHOCTTA Ha I0JIeTara, Teé Morar
Ja TpeAW3BUKAT 3arpsBaHe Ha THKAaHWTE W (QYHKIUOHAIHM HApYIICHUS B HEpPBHATa,
XOpPMOHAJHaTa M CbhP/EYHO-ChJIOBATA CHCTEMa, OOEIUHEHHW B TOHITHETO ,,paJTUOBBIHOBA
6onect®. IlpeacraBeHn ca JBa OCHOBHM METOJla 3a 3allliTa — €KpaHMpAHE Ha M3TbYBAIINUTE
M3TOYHHUIM U U3IOJ3BaHE Ha CIELUATHO 3aLIUTHO O0JEKI0. AKIEHTHT € BbpXy pa3paboTBaHETO
Ha TEKCTWJIHA MaTepHAIA C BrPaJieHH €JIEKTPONPOBOIMMH BIIaKHA (Mend, cpedpo, HUKEN U Jp.),
KOUTO OCHUTypsiBaT €(PeKTHBHO €KpaHUpaHE Ha eNeKTPOMAarHUTHUTE monera. Upes crnenudpuyuna
IUIeTEHAa CTPYKTYpa W KOMOWHHpaHE Ha CIIOEBE C€ MOCTHTAa BHCOKA CTENEH Ha 3alluTa, KaTo
CBIIEBPEMEHHO Ce 3ara3BaT KOM(OPTHT, €JIACTUYHOCTTA U CBOOO/IaTa Ha JBM)KEHUE HA YOBEKA.

[IpencraBena e pazpaboTkaTa Ha CIEIMANICH TUIETEH TEKCTHIICH Marepuali ,,CTpax™ ¢ BrpajieHu
METalHU HUILIKM, MpeJHAa3HAaYeH 3a 3alluTa OT EJeKTPOMAarHuTHU Hu3IbuBaHusa. OnucaHa e
TEXHOJIOTHYHATa CXeMa Ha MPOM3BOJCTBO, MPH KOSATO HA KPBIVIOIUICTAYHA MAIlMHA CE Ch37aBa
JBYJIUIIEBa THKAaHOMOJOOHA CTPYKTypa upe3 peldyBaHe Ha [BYJIWIEBH U €IHOJHIIEBU



nojypaspeneHu OpHMMKOBH pefoBe. B cTpykTypara ce Brpaxaar MeTajJHH HUIIKH nof (opmara
Ha IPECOBH IPUMKH, PA3MOJIOKEHH BbPXY ONAKOBUTE OpPHMKH, Karo upe3 JedasupaHe Ha
OpUMKHUTE ce OCHTypsiBa PAaBHOMEPHOTO MM pasmpenaeneHue u QgopMmupane Ha edeKkTuBHA
npoBozsnia Mpeka. PasmienaHa € KOHKpETHA TEXHOJOTMYHA pPealu3alus C MU3I0JI3BAaHE Ha
crienyaiu3upaHa KpbIIOIUIETaYHA MAalldHAa C TOJIIM JMaMeThp, 00OpyABaHa ChC CHUCTEMa 3a
BbTBKOIIOJIaraHe. B mporeca Ha pa3paboTka ca U3M0I3BaHU Pa3IMYHM BUJOBE METAJIHU HUIIKH —
MEJHU MPOBOAHULIM (M30JIMPAHHU, HUKEJIMPAHU U KaJlaliJJICaHM), KOETO MO3BOJISIBA Ch3JaBaHETO
Ha HSKOJIKO BapuaHTa Ha IUIaTa ¢ pa3jIu4HU cBOMcTBAa. ONKMCaH € U MO-OIPOCTEH TEXHOJIOTHYEH
BapUaHT, IPU KONTO METAJIHUTE HUIIKH He 00pa3yBaT HEMPEKbCHATA PEIIETKa, a ca C MM0-MaJIKo
KOJIM4YECTBO, KOETO NpaBU Marepuaja MOAXOIAL] 3a IPUJIOKECHHs, CBBP3aHU C HarpsiBaHEe 4pe3
esiekTpruecku ToK. C e OIleHKa Ha OCHOBHHS (DYHKIIMOHAJIEH IOKa3aTesl — CIocoOHOCTTa 3a
3aTUXBAHE HA €JIEKTPOMATHUTHATA CHEPIHsl — Ca IPOBEACHN CKCIIEPUMEHTAIHU U3CIIECIBAHUS 110
YTBBPJAECHU CTAaHAAPTU3UPAHU METOAUKU. M3MepBaHUATa ca U3BbPLIEHU B UYECTOTHUS JUAla30H
5-12 GHz upe3 cpaBHsBaHE Ha M3/IbYBAHATA U IPUETATA MOIIHOCT IIPU HAIMYHE U OTCHCTBUE HA
TEKCTHJIHHSI Marepuai MeXJy M3TOYHMKA U MpHEeMHUKa. Pesynrarure moTBBpKIaBar noOpurte
paauo3alUTHA CBOMCTBAa Ha pa3pabOTEHUsI TEKCTUI M ChOTBETCTBHUETO MY C IPEABAPUTEITHO
3aaIeHUuTe (PU3UKO-TEXHUYECKU XapaKTEPUCTUKH.

Hristo Ivanov HRISTOV, Hristo Petrov HRISTOV, Krasa Kocheva KOSTOVA, Petya
Vasileva GENCHEVA, NANO-POWDER INTO ARAMID FABRICS FOR ENHANCED
BALLISTIC PROTECTION, NATO UNCLASSIFIED+AUS+SWE+FIN, STO-RWS-AVT-
267,NATO, Science Technology Organization, DOI: 10.14339/STO-MP-AVT-267-13, AVT-
RWS Future Manufacturing for Military Application, 19-20 Apr 2018, Torino, Italy, NBR
13-5, 2018. (SCOPUS)

Abstract: This work presents the results of research on a fabric suitable for body armour and protective
equipment for soldiers and security personnel. The physicomechanical and ballistic characteristics of
aramid fabric "Style 363" treated with a solution of polyvinyl alcohol (PVA), glacial acetic acid and nano-
sized silica were studied. Scanning electron microscopy revealed the presence of deposited nano-sized
silica particles on the aramid fibers. The aramid fabric used was "Style 363", with a surface area of 180
g/m2, thread strength of 200 cN/tex, and a density of 120/120 threads/cm. The fabric was impregnated
with seven solutions of different composition, and subsequently comparative characteristics of strength,
mass change and ballistics were made. The aramid samples were impregnated with solutions of different
composition. One part of the aramid standards were treated with a 10% aqueous solution of polyvinyl
alcohol (PVA), the second group of samples were treated with a 10% aqueous solution of polyvinyl
alcohol (PVA) and glacial acetic acid in three different concentrations of 10, 20 and 30 wt%, in order to
acetylate the polyvinyl alcohol. The third group of samples were treated with a 10% aqueous solution of
polyvinyl alcohol (PVA) and glacial acetic acid in three different concentrations of 10, 20 and 30 wt%,
and 0.5 g of nanosized SiO2 was added to each of them, which has a particle size Dpart=18nm
Scn=210m2/g. The addition of glacial acetic acid is intended to aid crosslinking and impart elasticity to
the material, and in preliminary studies the research team found that increasing the concentration of
glacial acetic acid increases the elasticity and strength of the resulting coating. The solution compositions
described above in the text are applied to the surface of the previously prepared samples of the "Style
363" fabric, which penetrates between the fibers and manages to fill the micropores of the material. The
physicomechanical tensile strength tests were conducted on a WPM "Shoper” dynamometer, and are in
accordance with the requirements of BDS EN ISO 13934-1. The mass measurement was performed
according to the BDS EN 12127 standard. The ballistic tests were conducted under the Ballistic Test
Method for Personal Armour Materials and Combat Clothing, STANAG 2920 Ed.3 standard. V50 was
determined with a shrapnel simulator at ambient conditions of 20°C and relative humidity of 81.0+1.5.
The shooting was conducted with a barrel caliber of 7.62x39 mm, a shrapnel simulator A3/7623 with a
mass of 1.102 + 0.02 g, barrel aiming 00£10, distance between the end of the barrel and the panel 5 m +



50 mm, number of calculated shots three pierced and three not pierced. Distance between hits >30mm. 1.
The use of products such as silicates, carbides and others in a mechanical mixture as nanoparticles leads
to a change in the mechanical and ballistic indicators of composite materials. The analysis of the obtained
results shows that the use of polyvinyl alcohol (PVA) leads to an increase in the strength of the fabrics.
The addition of glacial acetic acid promotes acetylation, but with increasing concentration the mass of the
samples decreases, a certain decrease in the tensile strength of the aramid fabric occurs, but the ballistic
performance is preserved. In the ballistic tests conducted, an increase in the limit ballistic velocity V50
was observed, which is evidence of increased protection of the material, a function of the percentage
content of the various ingredients for impregnation of the fabric. Scanning electron microscopy
unequivocally proves deposited nano-sized Si particles on the aramid fabric.

Pestome: B Hacrosmiata paboTa ca NpencTaBeHHW pe3ylnTard OT M3CIEIBAaHHS BbPXY TbHKaH,
MOJXO/s11a 32 OPOHEKMIIETKH U 3alllMTHA eKUITMPOBKA Ha O0ela U aHTa)XKUPAHUTE B CIIY)KOUTE 3a
oxpaHa W curypHoct. M3cnenBanu ca (pU3MKOMEXaHWYHHUTE W OATMCTUYHUTE IAKa3aTeau Ha
apamuaHa ThkaH “’Style 363”7, ob6paboTeHa ¢ pa3TBop Ha nonuBUHUIANKOX0N (PVA), nenena
OlLIETHA KHCEJIMHA U HaHO-pa3MepeH cuiuiueB auokcua. IlocpeacTBom ckaHupalia e1eKTpOHHA
MUKPOCKOIHUSI € YCTAHOBEHO HaJM4YKe Ha OTIOKEHU HAaHO Pa3MEpPHU CUIUIIMEBH YACTHUIIM BBPXY
apaMUIHUTE BlIakHa. M3nom3Banara apamuaHa ThkaH tum ~Style 363”,c mnomHa maca 180 g/m2,
snpaBuHa Ha HumKa 200 cN/tex, rectuna 120/120 Humkwu/cM. Marepusta € UMIIPErHUPaHa ChC
CeleM pa3IuM4YHU [0 CbCTaB pa3TBOpa, Karo BIIOCIIEACTBHE Ca HAlpaBEHU CPABHUTEIHU
XapaKTepUCTUKH Ha 3[IpaBUHATA, MPOMSHATA Ha MacaTa U OanucTukara. ApaMuIHUTE 00paslu ca
UMIIPETHUPAHU C PA3IMYHU 10 CBhCTaB pa3TBOpU. EjHA yacT OT apaMMJIHUTE €TaJOHU ca
obpabotenu ¢ 10 % BomeH pa3TBop Ha moiuBUHMII ankoxon (PVA), Bropara rpymna oOpasiu ca
obpabotern ¢ 10 % BomeH paztBop Ha moymBUHII ankoxon (PVA) u neneHa onerHa KucenHa B
Tpu paznu4Hu KoHneHTpauuu ot 10, 20 u 30 TeroBHU %, C 1en aleTUIMpaHe Ha MOJIUBUHUII
ankoxona. Tperara rpymna nmpobu ca o6padotenu ¢ 10 % BoaeH pa3TBOp HA MOJUBUHUII AJIKOXOJ
(PVA) u nenena oueTHa KucelHa B TpU paznuuHu KoHIeHTpanuu ot 10, 20 u 30 TternoBHu %, u
BBB BCsSIKa OT TAX € joOaBeH mo 0,5 g Hanopasmepen SiO2, KOWTO € C pa3Mep Ha YacTUIUTE
Dpart=18nm Scn=210m2/g. lo6aBsHeTo Ha JieficHa OLIETHA KUCEIHHA € C e MOJANOMareHe Ha
OMpEXaBaHETO W TMpUJABaHE Ha €JIacCTUYHOCT Ha Marepusita, KaTto B IpeIBapUTEIIHU
W3CIIEIBAHUS M3CJIEI0BATEIICKUAT €KUIl YCTAHOBH, Y€ NP MOBUILIABAHE HA KOHILIEHTpALHUsTa Ha
JeieHaTa OIIETHAa KHCEIMHA Ce€ IOBUIIAaBa €JIECTUYHOCTTa U 3/paBUHATa Ha IOJY4YEHOTO
nokpurre. OnMcaHUTE MO-TOPE B TEKCTA ChCTaBU Ha Pa3TBOPUTE CE€ HAHACAT HA MOBBPXHOCTTA
Ha MpPEIBapUTEIHO IMOATOTBEHUTE O0pa3ly OT ThKaHTa ~Style 363, K0ATO MPOHUKBA MEXIY
BJIAKHATA U YCIISIBA J1a U3IIBIHA MUKPOMOPUTE HAa MaTepusiTa. DU3NKO-MEeXaHUYHUTE U3NUTBAHUS
3a SIKOCT Ha OMBH ca mpoBeaeHu Ha auHamomeTbp WPM lllomep”, u ca B ChOTBETCTBUE C
m3uckBanusaTa Ha BJIC EN ISO 13934-1 M3mepBaHero Ha Macara € W3BBPLIEHO CBHIVIACHO
crangapt BJIC EN 12127. banuctuyHuTe N3NMUTBaHUS ca IpoBeneHu noja cranaapt Ballistic Test
Method for Personal Armour Materials and Combat Clothing, STANAG 2920 Ed.3. Ompeneneno
e V50 ¢ umMuTarop Ha OCKOJIKM TIPH yCJIOBUsI Ha okoyiHata cpeaa 20°C U OTHOCHUTENIHA BIAKHOCT
81,0+1,5. Crpenbara e mpoBeneHa ¢ KaauObp Ha LeBTa 7,62x39 mm, UMUTATOp HAa OCKOJIKH
A3/7623 c maca 1,102 + 0,02 g, HacouBaHe Ha 1eBra 00+10, pazcTosHre MeX 1y Kpasi Ha 1IEBTa U
naHena 5 m £ 50 mm, Opoll Ha pa3dyeTeHUTEe HM3CTPEeNu TPU MPOOUTH U TPH HEMPOOUTH.
Pascrosane mexny nonagenuara >30mm. 1. M3non3BaHeTo Ha MPOAYKTH OT poAa Ha CHIMKATH,
KapOuIu U JAPYrd B MEXaHUYHA CMEC KaTo HAHOYACTHIIM BOJM O MPOMSHA B MEXaHUYHUTE U
O0aJIMCTUYHHUTE TI0KA3aTeJIM HAa KOMIO3UIMOHHUTE Marepuanu. AHaIW3bT Ha TMOJYy4EHUTE
pe3yaTaTy MoKa3Ba, 4e M3I0JI3BAHETO Ha MOJMBHHWIOB ankoxon (PVA) Boau a0 moBuiiaBaHe
3IpaBHHATA Ha ThKaHUTE. JJoOaBKara Ha JieJileHa OlleTHa KUCEJIMHA CIioMara aleTUInpaHeTo, HO ©
MOBUINIABaHE HA KOHIIEHTpAlMSTa CE HamalsBa Macara Ha oOpasluTe, IMOJiydaBa H3BECTHO
HaMaJIeHHe Ha SKOCTTa Ha ONbH Ha apaMuJHaTa TbKaH, HO C€ 3ama3Bar OaJUCTHYHUTE
noka3arenu. [lpu mpoBenaeHHUTe OATUCTHYHM M3MUTBAHUS Cce HaONIOAaBa IMOBUIIABAaHE Ha
rpaHnyHara OamucTHyHa ckopocT V50, KOETO € J0Ka3aresICTBO 3a HapacTHajla 3aliuTa Ha



MarepusTa, GyHKIHUS Ha MPOLEHTHOTO ChAbP)KAHUE HA PA3TUYHUTE ChCTABKU 32 UMIIPETHUPAHE
Ha TbKaHTa. CkaHMpallara €JICKTPOHHA MHKPOCKONHS €JHO3HAYHO JOKa3Ba OTIOKEHH HAHO
pa3MepHH Si 4acTUIM BbPXY apaMUIHATa ThKaH.

KocroBa, K. K., bbuBapoBa, A. Il., Cepo6e3oBa, M. I. Mnozoghynkuyuonanna mvkan na oaza
HAHOKOMRO3UMU U MBHKAH C B0CHHO CHapaycenHue u exunupoexka. Cpasnumennu

u3zcneosanusn. MexknynapoaHa HayuyHa KoHgepenuus , XEMYC 2008, ILiosaus. COOpHUK
noxkaamu, ISSN 1312-2916, |1 294-301, 2008.

Abstract: In the conditions of increased requirements for military equipment and growing threats, NATO
countries are developing concepts for a "soldier of the future”, using high technologies, including
nanotechnologies. They allow improving the properties of textile materials by influencing at a
submolecular level. Particularly promising are nanoparticles of silicon dioxide (SiO, ), which increase
the strength, wear resistance, chemical resistance and water resistance of fabrics. Two main approaches
are applied — wet finishing for textile refinement and electrospinning for the creation of nanofibers.

The aim of the study is to make a comparative analysis of the physicomechanical and toxicological
properties of two fabrics — a standard military fabric and a multifunctional fabric with a SiO, -based
nanocomposite. The study monitors the influence of nanotechnological processing applied by the wet
finishing method. Two fabrics with the same composition (67/33 polyester/cotton) and similar structure
were used, the difference being that one was treated with a nanocomposite. Tests were conducted using
standard methods under normal conditions and under accelerated aging in a laboratory chamber. The
results show that the fabric with a nanocomposite has improved properties compared to the standard one,
with the increase in mass per unit area being minimal and within acceptable limits. The conclusion is that
nanocomposite processing improves the operational characteristics of the textile.

Pestome: B ycnoBusiTa Ha MOBMILEHU M3UCKBAHHUA KbM BOCHHATa €KUIUPOBKA U HapacTBAIIU
3arutaxu crpanute or HATO pa3paboTBar KOHIIETIIUU 32 ,,BOWHUK Ha OBJEHIETO™, KATO MIUPOKO
Ce WU3IOJ3BAT BHUCOKUTE TEXHOJOTUHU, BKIIOUUTEIHO HAHOTEXHOJOTMHUTE. Te IM03BOJIABAT
nogoOpsiBaHe Ha CBOWCTBAaTa Ha TEKCTHIHWTE MaTEpPHAd 4Ype3 BB3JICHCTBHE HA HUBO IIOJ
MoJieKkyaHO. OcoOeHO MEPCIeKTUBHU ca HAHOYACTUIIUTE OT cuiuimeB Auokcun (SiO, ), KouTo
MOBUINIABAT  37paBHHATA, YCTOWYMBOCTTA HAa W3HOCBAaHE, XHMHYHA YCTOMYHUBOCT U
BOJIOHETIPOITYCKIIMBOCT Ha ThKaHuTe. [Ipunarar ce 1Ba OCHOBHU MOAX0Ja — MOKpa ampeTrypa 3a
00aropo/isiBaHe Ha TEKCTUIIA U €JIEKTPOIPEICHE 3a Ch3aBaHEe Ha HAHOBJIAKHA.

[lenTa Ha M3cneABaHETO € JIa C€ HAMpaBU CPABHUTENICH aHAN3 Ha (PU3MKO-MEXaHUYHHUTE
U TOKCHKOJIOTUYHHTE CBOWCTBA Ha JIB€ THKAaHW — CTaHJAapTHA BOGHHA TBKaH U
MHOTO(YHKIIMOHAIHA ThKaH C HAaHOKOMNO3UT Ha 0Oaza SiO, . MscnensaHero mpociensBa
BIIMSIHUETO Ha HAHOTEXHOJIOTMYHATa 00paboTKa, MPHUIIOKEHA Ype3 METO/a Ha MOKpa arperypa.
W3non3BaHu ca JBe ThKaHU C €THAKBB ChCTaB (67/33 monuectep/maMmyKk) U CXOIHA CTPYKTYpa,
KaTo pazjiuKara €, 4e eaHara ¢ o0padoTeHa ¢ HAaHOKOMMO3WT. IIpoBeneHHM ca M3MUTBAHUS IO
CTaHJapTHU METOAM MPU HOPMAIIHU YCIIOBHUS M MIPHU YCKOPEHO CTapeeHe B J1aboparopHa Kamepa.
Pesynrarure mokaspar, 4e ThKaHTA C HAHOKOMIIO3HT HMa TOJOOPEHH CBOWCTBA CIPSIMO
CTaHJapTHATa, KaTo YBEJIMYEHUETO Ha MacaTra Ha €IMHUIIA TUIONI € MUHUMATHO U B JOMYCTHMH
TpaHuI. 3aKIIOYCHUETO €, Y€ HAHOKOMIIO3UTHATa 00padoTKa mojo0psiBa €KCIJIOATallMOHHUTE
XapaKTePUCTUKH HA TEKCTHIIA.

3axapuena, K. JI., KocroBa, K. K., Cep0e3oBa, M. /I., Bucokos, I. Il. Muozogynxyuonanna
muvKan ¢ eneopen nanokomnosum (Si0z ), MexayHapoana HayuHa kongepenuus ,,XEMYC
2008, IlaoBaus. Coopuuk aoxiaaau, ISSN 1312-2916, | 425-433, 2008.

Abstract: Conventional textile technologies often do not provide sufficiently durable protective
properties, which necessitates the use of cutting-edge solutions such as nanotechnologies. They allow the



creation of fabrics with improved characteristics — water resistance, antibacterial properties, UV
protection, antistatic, non-flammability and others. Special attention is paid to inorganic nanomaterials
(such as TiO, , ZnO, SiO, and Al, Oz ), which are preferred due to their non-toxicity and thermal
stability. The present work examines the preparation of nanodispersed silica and its application to textiles
through a hydrophobicity finishing process, with the aim of studying the resulting properties.
Nanodispersed SiO, is obtained by oxidation or hydrolysis of SiCl, in low-temperature plasma, and the
result is used to treat a pre-produced fabric. A method was used to obtain nanodispersed silica (SiO, ),
which is applied to already produced textiles through a finishing process in order to impart
hydrophobicity. The process is technologically feasible in standard textile enterprises and can be
implemented with available equipment, with good mixing of the finishing (mechanically or by
ultrasound) being important. The resulting nanocomposite fabric shows improved properties compared to
the starting material, especially in terms of toxicological characteristics. This makes it suitable for both
military equipment and specialized protective clothing.

Pestome: KoHBeHIIMOHATHATE TEKCTUITHH TEXHOJIOTUU YECTO HE OCUTYPSIBAT IOCTAThYHO TPAltHU
3allTHU  CBOMCTBA, KOETO Hajara M3MOJ3BAHETO HAa aBaHTapJHH pPEIICHHS Karo
HAHOTEXHOJIOTHHUTE. T€ TO3BOJSABAT Ch3/laBaHE HA THKAaHU C MOJOOPCHH XapaKTCPUCTUKUA —
BOJIOYCTOMYMBOCT, aHTHOAaKTepuaaHu cBoiicTBa, UV 3ammTa, aHTUCTaTUYHOCT, HETOPUMOCT U
npyru.OcobeHO BHUMaHHE CE€ OTHCNsI Ha HeopraHuyHWTe HaHomarepuanu (karo TiO, , ZnO,
SiO; wu Al, O3 ), KoHTO ca MPEANOYUTAHH IIOPaad CBOSTA HETOKCHMYHOCT M TEPMHYHA
crabuiHoCT. HacTosimara pa3paboTka pas3miexaa MojydyaBaHETO Ha HAHOJIUCIICPCEH CHITUIIUCB
JMOKCHUJI U HErOBOTO HaHACSHE BbPXY TEKCTHJI Ype3 MPOLEC Ha anperypa 3a XuapodoOHOCT, ¢
e HM3CIIe[BAaHE HA IMOJIydeHUTe cBoiictBa. Hamomucmepcuustr SiO, ce momydaBa upe3
okucinenue win xuaponusza Ha SiCl, B HHckoTeMIlepaTypHa Ila3Ma, KaTro pPe3ylTaTbT ce
M3II0JI3BA 32 00pa0OTKa Ha TPEIBAPUTEITHO TPOU3BE/ICH TUIAT. MI310a3BaH € METO/ 3a MoJTydaBaHe
Ha HaHomucrnepceH cuiuiueB Auokcun (SiO, ), KOWTO ce HaHacid BbPXY Beue IMPOU3BEIEH
TEKCTHJI Ype3 TMpoIeC Ha amperypa C e npuaaBaHe Ha xuapodoOHocT. [Ipomecht e
TEXHOJIOTHYHO OCBIIECTBUM B CTaHIAAPTHU TEKCTHIIHU MPEIIPUATHI U MOXKE JIa C€ peau3upa ¢
HAJIMYHO 00OpYyIBaHE, KaTo € BaXHO J00po pa3ObpKBaHE Ha amperypara (MEXaHWIHO WIH 4pe3
yaTpa3Byk). [lomyueHara TbkaH C HAHOKOMIIO3UT TIOKa3Ba MOJOOpPEHH CBOWCTBA CIPSIMO
U3XOJHHS MaTephasl, OCOOCHO 1O OTHOIICHUE HAa TOKCUKOJOTUYHHUTE XapaKTepUCTUKU. ToBa s
MIPaBH MOAXOMAAIIA KAaKTO 32 BOSHHO CHapsDKEHUE, TaKa U 3a CHEIMAIM3UPaHu 3alllUTHA 00JIeKa.

KocroBa, K. Ho6o nokonenue mvkanu 3a nonesu kamygnaxcuu oonexkna, MexnayHapoaHa
HayyHa koHdepenuus ,XEMYC 2010%, ITnoBaus. Coéopuuk aoxiaaau, ISSN 1312-2916, |
221-230, 2010.

Abstract: Modern military protective clothing is often constructed as laminated systems of carrier fabric
and membrane. The fabric repels water and wind, and the membrane allows moisture to evaporate from
the inside out, which provides comfort to the body. Membrane textiles are multilayer polymer systems
with different structures and properties. They must simultaneously provide protection from external
climatic factors (wind, rain, cold) and high vapor permeability to wick away sweat and maintain comfort.
Additional requirements for membranes include low weight, thinness, flexibility, strength and resistance
to washing and operation. Depending on the purpose, other properties such as thermal insulation, non-
flammability and chemical resistance can be added. Membrane fabrics are classified according to the
structure (porous, non-porous and combined) and the number of layers (single-layer, double-layer, triple-
layer, etc.). The most commonly used are hydrophobic microporous membranes, including those made of
PTFE, which are obtained by special processing at critical temperatures. The comfort of clothing is a key
factor, as it directly affects the soldier's performance and efficiency, especially in extreme climatic
conditions. Therefore, when designing military clothing, all factors affecting the body's heat and moisture
regulation must be taken into account. The highest quality is achieved by three-layer membrane fabrics.



The developed membranized (breathable) fabrics represent a new type of intelligent materials for combat
camouflage uniforms of the Bulgarian Army. They are intended for use in adverse climatic conditions
such as rain, wind, cold and high physical exertion. These fabrics solve the problem of the body's thermal
and humidity balance, preventing water penetration and at the same time allowing sweat to be released in
the form of water vapor. When properly made, the garments provide protection from getting wet and a
high level of comfort during use.

Pestome: ChbBpeMEHHMTE BOEHHM 3aLIUTHU OOJIEKIAa YECTO C€ M3rpakiaT Karo JaMUHUPAaHU
CUCTEeMH OT HOcella ThKaH W MeMmOpaHa. ThKkaHTa OTON'BCKBAa BOJA W BITHP, a MeMOpaHara
NO3BOJISIBA M3MapsiBAHE HaA Bjarara OTBBTPE HABbH, KOETO OCUTYypsiBa KOM(OPT Ha TSIIOTO.
MeMmOpaHHUTEe TEKCTWIIM NPEACTaBISIBAT MHOTOCIOMHM MOJMMEPHH CHUCTEMH C pas3jInyHa
CTpyKTypa U cBoHcTBa. Te TpsOBa €JHOBPEMEHHO i@ OCUTYpSIBaT 3alllUTa OT BBHIIHU
KJIMMaTHYHU (pakTopu (BATHP, JBXKA, CTyA) M BUCOKA MApONPOITYCKIMBOCT, 32 JIa C€ OTBEXIA
IOTTa U J1a ce NoJabpka KoMPopT. JlONbIHUTEIHUTE U3UCKBAHUSI KbM MEMOPAHUTE BKJIFOYBAT
HUCKO TEIVIO, THHKOCT, I'bBKAaBOCT, 3[JpaBMHA M YCTOMYMBOCT Ha IIpaHE U eKciuloarauus. B
3aBUCUMOCT OT IpeIHa3HAYeHUETO MOrar Ja ce 100aBAT U JPyry CBOMCTBA KaTO TEPMOU30JIALIMS,
HETOPUMOCT M XHMHUYHA YCTOWYMBOCT. MeMOpaHHHTE TBKaHU c€ Kilacu(uuupar cropen
CTpYyKTypara (IIOpEeCTH, HEMOPECTH U KOMOMHUpaHHU) U Opos cioeBe (€AHOCIONHM, JBYCIOWHH,
TPUCIOWHU W 1p.). Haii-uecro wu3moi3BaHu ca XuUAPOPOOHH MHKPOIIOPECTH MeMOpaHH,
BktountenHo TakuBa oT PTFE, xouto ce momyuaBar ype3 crienpanHa o6paboTka npu KpUTUYHU
temneparypu. KompopTbT Ha 00JEKIOTO € KIIOYOB (PAKTOp, Thil Karo BIHsE MPSKO BBPXY
paborocrnocoOHOCTTa U €(EeKTUBHOCTTAa HAa BOWHHUKA, OCOOEHO IPH EKCTPEMHH KIMMATUYHU
yclIoBUS. 3aToBa MpU NMPOEKTUPAHETO HAa BOEHHU 00JIeKIIa TpsiOBa Ja ce B3eMar MpeiBU]l BCUUKU
dakTopy, BiIMsEIIM BbpPXY TOILIO- M Biaroperynanusta Ha Tsui0T0o. Hail-BUCOKO KauecTBO
MOCTUTAT TPUCIONHUTE MEeMOpPaHHU THKAaHU pa3pabdoTeHHTe MeMOpaHWpaHU (IWIIANIN) THKaHU
IpPEACTaBIsIBAT HOB TUIl MHTEJUIEHTHH Marepuaiau 3a OOoHHM KamyduiaXHM YyHU(DOpPMH Ha
bearapckara apmus. Te ca npenHasHayeHU 3a W3MOI3BaHE MPH HEOIArOMPUSITHU KIMMATUYHU
YCIIOBUS Karo ABXI, BATHP, CTYI U BUCOKU (pU3MUECKU HaToBapBaHUs. Te3n ThKaHM peliaBaT
npobieMa ¢ TEPMUYHHUS U BIQKHOCTHHUS OaJlaHC Ha TSUIOTO, KAaTo Mpeana3Bar OT IPOHUKBAHE Ha
BOJIa U CBIIEBPEMEHHO MO3BOJISIBAT OTIENISHETO Ha MOTTa Moj ¢opMara Ha BOIHU mapu. [lpu
IpaBUJIHA U3pabOTKa OOJEeKIaTa OCUTYpSBAT 3alUTa OT HAMOKPSHE U BUCOKO HHBO Ha KOMQOPT
IIPY €KCILI0ATaLHSL. .

KocroBa, K. H3numeanusama — yciosue 3a KauecmeeHo peanuzupane Ha npoeKkmume,
Hayuyna xkonpepeHuus ,,BoeHHH TeXHOJIOTHMM W CHCTEMH 32 OCHT'ypsiBaHe Ha oTOpaHara“,
2011. Coopuuk noxiaaau, ISBN 978 619 90024 1 4, 569-574, Codus, 2012.

Abstract: The modernization and acquisition policy of the armed forces of all NATO member states finds
its practical implementation through clearly defined and comprehensive national and international
acquisition projects. It can be said that the quality of the purchased defence products and systems to a
significant extent determines the operational capabilities of the military forces. In response to the
importance of quality, international and national standardization organizations, including ISO and NATO,
are developing a number of documents and standards related to quality management. A key document in
this area is the 1SO 10006 standard, which provides guidelines for quality management in projects. In
NATO, quality is considered a continuous process that covers the entire life cycle of products and
includes compliance with requirements for construction, design, hygiene and ergonomic characteristics.
Achieving project goals is achieved through the assessment of previously set parameters, which are
specified in tactical and technical tasks and are wverified through laboratory and field tests. Tests
throughout the life cycle of defence products are carried out in compliance with the principles of
transparency and traceability in the implementation of testing procedures, objectivity and reliability of the
results.



Pestome: Tlonmutukara Ha BBOPBKEHHUTE CHIIM 3a MOJEPHU3ALUS M MPUIOOMBAHE HA BCHYKU
nbpxaBu wieHKd Ha HATO HaMupa cBOETO MPaKTUYECKO peATM3UPAHE Ype3 CHO ONPENETICHH 1
BCEOOXBATHU HALMOHAJIHU U MEXAYHApOAHM MPOEKTH 3a mpuaoOuBaHe. Moxe na ce Kaxke, 4e
KaueCTBOTO Ha 3aKyllyBaHUTE OTOPAHUTEIHU MPOAYKTH W CHCTEMU B 3HAUUTEJIHA CTEINEH
onpezessi ONEpaTUBHUTE CIOCOOHOCTH HAa BOEGHHMTE CWJIM. B OTroBop Ha 3HaueHUETO Ha
Ka4eCTBOTO, MEKIYHAPOJHH M HALUMOHAJIHU OpPraHU3allu IO CTAaHAApTHU3alUs, BKIIOYUTEIIHO
ISO u HATO, pa3pabotBar peamua JOKYMEHTH U CTaHIAPTH, CBbP3aHMU C YIPABICHHUETO Ha
ka4ecTBOTO. OCHOBEH JOKYMEHT B Ta3u obiact e cranaapThT ISO 10006, koiiTO 1aBa HACOKH 3a
ynpasieHue Ha kauecTBoTo B npoektute. B HATO kauecTBOTO ce pasmiekia KaTo HENpeKbCHAT
mpouec, KOWTo oOxBamia Leiaus >KU3HEH IMKBJI Ha MPOAYKTUTE U BKIIOYBA Cla3BaHE Ha
M3MCKBaHUS 3a KOHCTPYKLMS, [JW3aillH, XWIMEHHM U E€ProHOMMYHU XapaKTEPUCTHUKU.
[locTuraneTo Ha HEAUTE HA MPOEKTUTE CE€ OCHILECTBSIBA 4Ype3 OLEHKAa Ha IPEABAPUTEIIHO
3aJI0)KEHU MapaMeTpU, KOUTO C€ YTOYHSABAT B TAKTUKO-TEXHUYECKHU 33JaHUsI U CE€ MPOBEPSABAT
ype3 1a0OpaTOpHU U TMOJNEBH U3NUTBaHUS. M3nuTBaHMATA Tpe3 KU3HEHUS LUKBI Ha
OTOpaHUTEIHH TPOAYKTH, C€ W3BBPIIBAT NPHU Cla3BaHE HA NPUHIMIIATE 32 MPO3PAuYHOCT U
MPOCIEIMMOCT B U3MBIHEHUETO HA MPOLEAYPUTE MO U3MUTBAHE, OOEKTUBHOCT U JOCTOBEPHOCT
Ha pe3yATaTuTe.

Kpaca K. KocroBa, [lecucaas II. bepos, Upena I1I. MapunoBa, Cvépemennu nocHuxcenus
U nepecnekmueu 3a pazeumue ¢ oodracmma Ha nonesume 00ysku, MexKIyHAPOAHA HAy4HA
koHepenuus ,XEMYC 2012 — OrOpana, aHTuUTepopu3bM H curypHoct®, IlioBaus.
Coopuuxk aoxaaau, ISSN 1312-2916, 1-6-1-11, 2012.

Abstract: Latest achievements and future developments in the field of field shoes production. The need to
improve the characteristics of shoes for Bulgarian military personnel due to participation in different
climatic conditions and various threats is considered. The emphasis is on the application of new
technologies to improve hygienic, physical and ergonomic characteristics. Nowadays, the participation of
Bulgaria with troops in military operations conducted in different natural and climatic environments, and
the high and diverse threats to the life and health of soldiers require a review of the characteristics of the
shoes of the Bulgarian soldier. The modern achievements and development prospects are considered in
the field of field footwear production. In addition, the application of new technologies to achieve better
hygienic, physical and ergonomic characteristics was discussed. Along with all elements of the soldier's
equipment, footwear plays an important role in achieving and maintaining high combat capability in
various conditions of conducting combat activities. Without appropriate footwear, any activity of the
personnel in the performance of official duties, in various climatic and terrain conditions and various
types of training actions is unthinkable. It is very important that the feet are placed in comfortable and
practical footwear that creates favorable conditions for the performance of tasks both in war conditions
and in the training process.

Pestome: Ilocnennu nocTrkeHus U ObAELIO Pa3BUTHE B 00JIACTTA HA MPOU3BOJICTBOTO Ha MOJIEBU
o0yBku. Pasmexnaa ce HeoOXOOUMOCTTa OT MOAOOpsSBAHE XapaKTEPUCTHKUTE Ha OOYBKHUTE 3a
OBIrapCcKUTE BOEHHOCTY)KEIIM NOpaJd Y4acTHe B pPAa3JIMYHU KJIMMAaTUYHH YCIOBHUS U
pa3HOOOpa3sHM 3arulaxy. AKIEHTHpa c€ BbpPXy NpPWIAraHeTO Ha HOBH TEXHOJOTHUH 3a
nofoOpsiBaHe HAa XUTHEHHHUTE, (PU3MUYECKUTE W EPrOHOMUYHHMTE XapaKTEPUCTHKU. B mHemHo
BpEMC Yy4YaCTHCTO Ha BT)J'Il"apI/ISI C BOWCKHM BBB BOECHHH onecpanru, MpPOBEKIAAHHW B pa3IndHU
IPUPOAHO-KIUMATUYHU CPEJIU, U BUCOKUTE U Pa3HOOOpA3HU 3alljlaxy 3a *KMBOTA M 3PaBETO Ha
BOMHMIIMNTE HM3UCKBAT Mperviel Ha XapaKTepUCTHUKUTE Ha OOYBKUTE Ha OBIrapcKusi BONHUK.
Pasrmenann ca CbBpEMEHHHUTE NOCTMIKEHUS W MEPCIEKTHUBU 3a pa3BUTHE B oOOJacTTa Ha
IPOU3BOJICTBOTO HAa MOJIEBH 00yBKH. OCBEH TOBA € 0OCHAEHO MPUIIAraHETO Ha HOBH TEXHOJIIOTUHU
3a MOCTUTaHe Ha MO-700pU XUTHMEHHHU, (PU3MYECKH W eproHOMHUYHM XapakrepucTuku. Hapen c
BCHUYKH CJICMCHTH OT CKHIIMPOBKATa Ha BOﬁHHKa, O6yBKI/ITe HUIpasaT BaKHaA POJIA 3a IMIOCTUT'aHE U
3ama3BaHe BHCOKa 00eCIOCOOHOCT B pa3HOOOpA3HU YCIOBHS Ha BOJEHE Ha OoifHara JIeHHOCT.



be3 monxomsmu oOyBKM € HEMHUCIIMMa KakBaTO M Ja € JEHHOCT Ha JIMYHUS CBhCTaB IpU
U3MIBJIHEHUE Ha CIYXEOHHUTE 3abJDKCHUS, IPU PA3IUYHU KIMMATHYHU M TEPEHHH YCIOBHUS U
pa3IMYHM BUIOBE TPEHUPOBBUHU JEHCTBUSA. MHOrO € Ba)KHO Kpakara ja ObJaT pa3loJIoKeHH B
yaoOHa U TpakTUYHA OOyBKa, KOSTO Jla Ch3/laBa OJAaronpusiTHU YCIOBUS 3a WM3MbIHEHHE Ha
3a/launTe KaKTO B YCJIOBUS Ha BOMHA Taka YU B TPEHUPOBBUEH IIPOLIEC.

Aunexkcanapos, C., KocroBa, K., I'enueBa, Il. Bv3moscnocmu 3a omekomsaeane na neuamanu
cunmemuynu u cmecenu movkanu, Hayuna xondepeHuus ,,BoeHHH TE€XHOJOTHH U CHCTEMU
3a ocurypsipane Ha oroOpanara MTS-2013%, 2 nekemBpu 2013 r. COopHuk gokaaam, ISSN
2367-5942, V9- V17, 2014.

Abstract: The application of polysiloxane organometallic compounds as softeners in the finishing of
printed textile materials has been investigated. The main goal is to improve the performance properties of
fabrics by using silicone polymers. Three main types of silicone systems have been considered:
emulsified dimethylsiloxane fluids, reactive silicone fluids with Si-H functional groups, as well as
polymers containing amino or epoxy functional groups distributed in the polymer structure.

Particular attention is paid to nanoemulsion systems consisting of a hydrophilic and a lipophilic phase,
with particle sizes in the range of 14-15 nm. A comparison with macroemulsions in terms of dispersibility
and stability is made. It has been found that the reduction of particle size in nanoemulsions leads to better
dispersion, increased stability and self-emulsification ability, which makes them more effective in textile
processing.

The influence of silicone softeners on different types of textile materials, including cotton/polyamide
blends, cotton/polyester and fully synthetic fabrics, has also been studied. The analysis covers the impact
of key technological parameters such as softener concentration, processing temperature and residence
time of the samples in a water bath, as well as the application technology used. The results show that
these factors significantly affect the softening efficiency and the final properties of the treated fabrics.

Pestome: M3cnenBano € NpuiIoKEHUETO Ha MOJIMCUIOKCAHOBU OpraHO-METaIHU CheAMHEHUS KaTo
OMEKOTHUTEIN TIPU allpeTHpaHe Ha IEeYaTaHW TEKCTUIHM Marepuanu. OCHOBHara Lied € Ja ce
NoJOOPAT eKCIUIOATallMOHHUTE CBOMCTBA HAa TBHKAHUTE YPE3 HU3MOJI3BAHE HA CUIMKOHOBU
nonuMmepu. Pasmienanm ca TpU  OCHOBHM THIIA CHJIMKOHOBU CHCTEMHU: EMYITHpaHU
JTUMETUJICUIIOKCAHOBH (DIyWIM, PEaKTUBHU CWIMKOHOBU Quynan cbc Si-H dyHKmmonamHu
IpyId, KakTO M TOJUMEpPH, CBhABPXKAIIM aMHHO- WM EMOKCUIHO-(QYHKIMOHAIHU TPYIH,
pasInpeneseHy B oJIMMepHara CTpyKTypa.

OcobeHO BHUMaHHE € OTAEJICHO Ha HAaHOEMYICHOHHHUTE CHUCTEMH, CBCTOSIIU C€ OT
xuapoduiHa U munoduiHa (asza, ¢ pasmep Ha yacTUIUTE B quana3zoHa 14—15 nm. Hampaseno e
CpaBHEHHE C MaKpOEMYJICUHU 10 OTHOLIEHHWE Ha JUCIEPCHOCT M CTAaOMIIHOCT. YCTaHOBEHO €, ue
HaMaJIIBaHETO Ha pa3Mepa Ha YacTHIMTE IPU HAHOEMYJICHHUTE BOIU 110 MO-100pa Iucnepcus,
MOBHIIIEHA YCTOMYMBOCT U CIIOCOOHOCT 32 CaMOEMY/THPaHe, KOETO TH MPaBH MO-e(PeKTUBHU MPU
TEeKCTHJIHaTa o0paboTKa.

N3cnenBaHo € ChIo BIMSHUETO HA CUJIMKOHOBUTE OMEKOTUTENIHN BbPXY Pa3JINYHU BUIOBE
TEKCTUJIHM MaTepuajy, BKIOUUTEIHO CMECH OT MaMyK/TIOJIMaMuU]], MaMyK/TIOJIHeCcTep U U3LAIIO0
CHUHTETUYHHU ThKaHU. AHAIM3bT 00XBallla Bb3/I€HCTBHETO HA OCHOBHHM TEXHOJIIOTUYHU TapaMeTpu
KaTo KOHIIEHTpAallMsi Ha OMEKOTHTENs, TemIeparypa Ha oOpaboTka M BpemMe Ha MpecTod Ha
npobuTe BBB BOAHA OaHs, KaKTO M M3MOJ3BaHAaTa TEXHOJIOTHS Ha HaHacsiHe. Pesynrarure
MOKa3BaT, 4y€ Te3W (PaKTOPU ChHILIECTBEHO BIUSAT BbpPXY €(PEKTUBHOCTTA HA OMEKOTSBaHE M
KpaifHUTe cBOiicTBa Ha 0OPabOTEHUTE THKAHU.

KocroBa, K., T'enueBa, II., AunekcanapoB, C. Bw3morcnocmu 3a u3ciedeane Ha
naponponyckaugocmma Ha  Xuopogooupanu u  MeMOPAHHU  3AUAUMHU  MBKAHU,



Mesxaynaponna Hayyna koHpepenums ,,XEMYC 2016“ — Or0pana, aHTUTepOpM3bM H
curypHoct®, Ilnoaus. Coopuuk nokaaau, ISSN 1312-2916, 1-126-1-129, 2014.

Abstract: An experimental study was carried out in accordance with the requirements of the STANAG
2333 and ASTM E96/E96M-05 standards, related to the assessment of the protective and operational
characteristics of combat clothing. The main emphasis is on determining the vapor permeability and
breathability of protective membrane and ballistic fabrics.

For this purpose, thermogravimetric tests were carried out, through which moisture exchange through
textile materials was analyzed. The studies were carried out under different conditions of temperature and
relative humidity, in order to simulate real operational environments. A specialized methodology was
developed, which takes into account both the influence of environmental factors and the heat emitted by
the human body while wearing the clothing.

The object of research is a camouflage protective fabric with a mixed composition of 50/50%
polyester/cotton, laminated with a Teflon membrane. The results show a significant difference in the
amount of water vapor passing depending on the direction of transfer — from the inside to the outside and
vice versa. This is explained by the different permeability of the membrane in both directions, which is a
key factor in determining its protective effectiveness and wearing comfort.

Pestome: W3BBpIIEHO € EKCIEPUMEHTAIHO H3CJEIBaHe, IPOBEICHO B CHOTBETCTBUE C
m3nckBanusaTa Ha cranaaptute STANAG 2333 u ASTM E96/E96M-05, cBbp3anu ¢ oleHKa Ha
3alIUTHUTE U EKCIUIOATAllMOHHU XapaKTepUCTHKH Ha O0o0iHO o00neksno. OCHOBHMAT aKLEHT €
BBPXY OIPENEISIHETO Ha NapONPONYCKINBOCTTa U JUIIAEMOCTTa HA 3alIUTHU MEMOpaHUpaHU U
OaTUCTUYHU THKaHH.

3a menTa ca MPOBEACHU TEPMOTPABUMETPUYHM W3MUTBAHMA, Ype3 KOUTO CE€ aHAJIM3Hpa
BJIaFOO6MCH’I)T mpe3 TCKCTUJIHHUTEC MaTrcpualiu. I/I3CJICI[B8,HI/I$[T3 Ca M3BBPHICHHU IIPU pa3IndIHU
yCIOBHMS Ha TeMIleparypa M OTHOCHTEIHA BIAXHOCT, C ILEJl Ja C€ CUMYIUpAT peajHu
eKCIUIOATAllMOHHN cpean. Pa3paboTeHa € cnenmanu3upaHa METOAMKA, KOSTO OTYHTa KaKTO
BIIMSIHUETO Ha (paKTOpUTE Ha OKOJIHATA Cpefia, Taka U TOIUIMHATA, U3IbYBAHA OT YOBEIKOTO TSJIO
110 BpeMe Ha HOCEHE Ha 00JIEKIIOTO.

OOekT Ha m3cienBaHe € KamyguakHa 3allMTHA ThKaH CbC cMeceH cberaB 50/50 %
noJIneCcTep/IMaMyK, JaMUHUpaHa ¢ TedaoHoBa MeMOpaHa. Pesynrarute moka3Bar ChIECTBEHA
pasyivka B KOJMUYECTBOTO NMPEMHHABAIlla BOAHA Mapa B 3aBUCHMOCT OT IOCOKara Ha MPEHOC —
OTBBTpE HAaBBH M 00parHO. ToBa ce 0OsCHSBA ¢ pa3iMyHaTa MPOIYCKIMBOCT Ha MeMOpaHaTa B
JIBETE MOCOKH, KOETO € KJIHOUOB (haKkTOp 3a OIpe/eNsHe Ha HelHara 3alluTHAa e(eKTHMBHOCT U
KOM(}OpT IpH HOCEHE.

I'enueBa, II., KocroBa, K., Anexcanapos, C. @opmupane na ¢uam om namopazmepen
cunuyues OUOKCUO, OMJIONHCEH 6bpPXYy MBKAHU 3a 60eHHU yenu, MexIyHApPOAHA HAy4YHA
koHpepenuust ,L,XEMYC 2016 — Oropana, anturepopusbM u curypuoct®, IlioBaus.
Coopuuk goxaaau, ISSN 1312-2916, 11 196 11-203, 2016.

Abstract: An experimental study was conducted on aramid fibers of the “Stabunt” type, intended for the

production of personal ballistic protection equipment (PBPE). The main goal was to analyze the influence
of finishing treatment with a nanoemulsion based on silica on the structure and physico-mechanical
properties of the fibers.

Two temperature treatment regimes were used in the study: 80°C for 60 minutes and room temperature
(about 20°C) for 120 minutes. It has been established that the application of nanosilica coating leads to
the formation of a stable and uniform film on the surface of the fibers. This film smoothes the structure by
filling the micropores and increases the surface density and homogeneity of the material.

The strength of the treated and untreated samples was tested according to the BDS EN 1SO 13934-1:2013
standard. The results show that the treatment with nanoemulsion leads to an improvement in the



operational properties (softness of the touch), but at the same time causes a certain decrease in the
physicomechanical properties, for example - the strength in both the warp and weft. This decrease is more
pronounced in the samples treated at a higher temperature (80°C) compared to those treated at room
temperature.

Scanning electron microscopy confirmed the presence of silica nanoparticles uniformly deposited on the
surface of the fibers. The observed morphological changes include greater density and smoothness of the
treated fibers compared to the untreated ones. This proves effective adsorption of the nanoemulsion and
formation of a continuous protective layer penetrating the microporous structure of the aramid fibers.

Pestome: HanpaBeHO € eKCriepuMEeHTaTHO M3CJIeIBaHE BbPXY apaMUIHU BJIaKHA THI ,,Stabunt®,
NpeHa3HaYeHH 3a MPOU3BOJICTBO HAa CPEACTBA 3a MHAMBUAYanHa Oamuctuyna 3ammra (CUB3).
OcHoBHarTa 1eJ1 € Ja ce aHaJu3Mpa BIUSHHETO Ha alpeTypHa oOpaboTKa C HAaHOEMYJICHS Ha
OCHOBaTa Ha CHJIMIMEB JUOKCH]l BBPXY CTPYKTypara M (PM3MKO-MEXaHHYHUTE CBOMCTBA Ha
BJIAKHATA.

B xoma Ha u3cneaBaHeTO ca M3MOI3BaHU J1BA TEMIIEpATypHH peknuma Ha obpadotka: 80°C
3a 60 muHyTH H craiiHa Temmeparypa (okono 20°C) 3a 120 MuHyTH. YCTaHOBEHO €, ue
HAHACSHETO Ha HAHOCHIIMIIMEBO NMOKPUTHE BOIM J0 OOpa3yBaHE Ha YCTOWYHB M paBHOMEpPEH
¢GwIM BbpXy MOBBPXHOCTTA Ha BiIakHaTa. To3u (MM HM3MIaXJa CTPYKTypara 4pe3 3arbjiBaHe Ha
MHUKPOMOPHTE U MOBHUINABA IOBBPXHOCTHATA IUTHTHOCT M XOMOTEHHOCT Ha MaTepHalia.
3npaBuHaTa Ha 00paboTeHuTe U HeoOpaboTeHNUTe 0Opa3Ly € u3NuTaHa cbriiacHo crangapra b/1C
EN ISO 13934-1:2013. Pesynrarure moka3Bar, 4e oOpaboTKara ¢ HAHOEMYIICHS BOIU IO
nofoOpsiBaHE Ha EKCIUIOTAllMOHHUTE CBOMCTBa (MEKOTa Ha ONUIM), HO ChIIEBPEMEHHO
NpeAU3BUKBA M3BECTHO HaMallsiBaHE Ha (U3UKO-MEXaHWYHHTE, HAPUMEp - SKOCTTa KaKTO IO
OCHOBa, TakKa M 110 BbThK. ToBa HaMaJIIBaHe € M0-U3Pa3eHO NpH 0Opa3uuTe, 00pabOTEHH MPH I10-
Brcoka temreparypa (80°C), B cpaBHEHUE C T€3U, TPETUPAHU IIPU CTaliHa TEMIIepaTypa.

Upe3 ckaHMpalla eJeKTpOHHAa MUKPOCKONHMS € MOTBbPAECHO HAJIMYMETO Ha HAaHOYACTHLU
CHIIMIIMEB TMOKCH]], PABHOMEPHO OTJIOKEHU BbPXY IMMOBBPXHOCTTA Ha BiIakHaTa. HabmromaBanuTe
MOpGOJIOrMYHN HM3MEHEHHs BKIIOYBAT IMO-TOJSMA IUTBTHOCT M TIAAKOCT Ha 0OpaboTeHHTe
BJaKHA B CpaBHeHHE ¢ HeoOpaborenute. ToBa poka3Ba edexkTHBHA ajacopOuus Ha
HaHOeMyJIcUsATa U (OpMHUpaHEe Ha HENMPEKbCHAT 3allUTEH CJIOH, MPOHUKBAIL B MUKpOIOpecTaTa
CTPYKTypa Ha apaMUIHHUTE BIIAKHA.

I'enueBa, II., KocroBa, K. H3cnedeane enusanuemo na namoemyicus Ha OcCHosama HA
cunuyues OUOKCUO 6bpXy (U3UKO MexXaHuuHume NnokKazamenu HA He20PUMU MBKAHU 3d
6éoennu oonexkna, MexayHapoana HayuyHa koH(pepenuuss ,XEMYC 2016 — Otopana,
aHTUTepopu3bM u curypHoct®, Ilnosaus. Coopuuk nokaaau, ISSN 1312-2916, | 202- I-
208, 2016.

Abstract: The studies were carried out on a fabric that is a mixture of aramid fibers 93% Nomex/5%
Kevlar/2% antistatic, with a specific area mass - 185 g/mz2, used for uniforms of pilots, tank and armoured
ground fighters, technicians and others. Finishing treatment with a nanoemulsion based on silica was
performed. The influence of temperature was monitored, with one part of the already treated samples
being left for 720 min at room temperature, another part being left for 60 min at 105°C. The physical and
mechanical tests were according to the BDS EN ISO 13934 1: 2013 standard. The nanoemulsion-treated
fabric at room temperature showed a slight decrease in the strength in the warp and an increase in the
strength in the weft compared to the untreated fabrics. The temperature treatment at 105°C has an adverse
effect on the fabric, as it reduces the values of the studied physical and mechanical indicators. In the tests
of the fabric for flammability, it was found that the non-flammability of the material remains unchanged.

Pestome: M3cnenBanusita ca U3BBPIICHU BHPXY THhKaH, KOATO € CMEC OT apaMUIHH BiIakHa 93%
Homexkc/5% Kepnap/2% aHTHCTAaTHK, ChC crenu(UyIHa TIoMHEA Maca - 185 g/m?, n3mon3pana 3a



VHH(POPMH HA MUIOTH, TAaHKOBHU M OpPOHETAHKOBU CYXON'BTHH OOWIM, TEXHUIM U JPYTH.
W3BbpiieHa e amperypHa oOpaOoTKa ¢ HaHO-EMYJCHST Ha OCHOBAaTa Ha CHJIMLIMEB TUOKCHI.
[Ipocneneno e BIMSHUETO HAa TeMIEparypara, KaTo €IHa 4acT OT Beue oOpaboreHuTe oOpasuu
Osixa octaBeHH 3a 720 min npu cTaiiHa TeMIepaTypa, Ipyra 4acT MpecTosxa B IPOIbIKEHUE Ha
60 min npu 105°C. ®uszuko - mexannuanurte m3nurBanus ca o cragaapt bJIC EN ISO 13934 1:
2013. O6paboTeHara ¢ HAaHOEMYJICHUS ThKaH MPHU CTaiiHA TeMIlepaTrypa, Iokas3a JeKO HaMaJIsiBaHe
Ha 3[paBMHATAa IO OCHOBAa U TIOBHUIIABaHE Ha 3/paBUHATa IO BBTBK B CpaBHEHUE C
HeoOpaboTeHWTe ThKaHU. TemmeparypHata oOpabotka npu 105°C Ha TBKaHara BIUsC
HEONMarompusaTHO, ThU Karo HamalsBa CTOWHOCTUTE HA HW3CICABAHUTE (DU3MKO - MEXaHUYHU
nokazarenu. [Ipu u3cnenBanusaTa Ha ThKaHTa 3a TOPUMOCT CE€ YCTAHOBH, Y€ HETOPUMOCTTA Ha
MarepusTa ce 3arna3Ba HEPOMEHEHA.

CroiiueB, H., KocroBa, K., I'enueBa, Il., AunexkcangpoB, C. Memoou 3a usnumeamne u
OUeHABAHEe 6NUAHUEMO HA KIUMAMUYHUME (Qakmopu 6bpXy MbKAHU 34 OanucmuyHa
3amguma., XVIII National Textile Conference 2016 ,, Traditions and Innovations in Textile
and Clothing*, 26-28 oxtomBpu 2016 r., Causen, boarapus. Textile & Garment Journal,
ISSN 1310 912X, issue 10, 17-22, 2016.

Abstract: Methods for assessing the influence of different climatic conditions on the ballistic resistance of
fabrics used in the production of personal ballistic protection equipment (PPE) are reviewed. The main
emphasis is placed on the analysis of existing standards regulating the conduct of ballistic tests of body
armour after exposure to various climatic factors, such as temperature, humidity and external
environment.

The problem is discussed that the degree of reliable protection guaranteed by manufacturers within the
warranty period often does not reflect the real operating conditions. It is pointed out that the currently
used ballistic testing methodologies have limitations, as they cannot predict the long-term technical
resource of body armour, nor adequately simulate the processes of aging and wear over time.

The need to comprehensively take into account all environmental factors, as well as storage and real
operation conditions, when studying the stability of ballistic properties is emphasized. The literature
review shows the lack of an established methodology or standard for assessing the influence of integrated
solar radiation, as well as the combined impact of climatic factors on the ballistic characteristics of body
armour is lacking. This reveals the need to develop more advanced and realistic approaches for assessing
the durability and reliability of protective materials.

Pesrome: Pasmienanu ca Meronu 3a OLEHKA HA BIMSHUETO IIPU PA3JIMYHU KIMMAaTUYHU YCIOBHS
BBbpPXY OaJINCTUYHATA YCTOMYMBOCT HA ThKAaHU, U3MOJI3BaHU MTPH MPOU3BOJICTBOTO Ha CPEACTBA 3a
uHAuBuAYyanHa O6anuctuyHa 3ammrta (CUB3). OCHOBEH akLEHT € MOCTaBeH BbPXY aHalIM3a Ha
CHILECTBYBAILIUTE CTaHJAPTH, PENIAMEHTHPALIN MPOBEKIAHETO HA OATMCTUYHU M3MUTBAaHUS Ha
OpOHEXHJIETKH CleJ] Bb3/IEHCTBHE Ha pa3jIMYHM KIMMaTHYHU (PAKTOpPH, KAaTo TeMIeparypa,
BJIQKHOCT U BBHIIIHA CpEJa.

OOcwkxaa ce mpobIeMbT, Y€ CTENeHTa Ha HAAEXKAHA 3alluTa, TapaHTUpaHa oOT
MIPOU3BOAMUTEINTE B pAMKHUTE Ha FapaHIIMOHHUS CPOK, YECTO HE OTpa3siBa peaJHUTE YCIOBUS Ha
excrutoatanusa. IlocouBa ce, 4ye WH3MON3BAaHUTE KbM MOMEHTa METOAMKH 3a OaJuCTHYHU
M3MUTBAHUS UMAT OTPaHUYEHUS], Thi KaTO HE MOrar Ja MpeJCcKa)xar AbITOCPOUYHUS TEXHUYECKU
pecypc Ha OpOHEXWIETKUTE, HHUTO Ja CHUMYIHpAT aJeKBaTHO IPOLIECUTE Ha CTapeeHe H
M3HOCBaHE BbB BPEMETO.

[ToguepraBa ce HEOOXOAUMOCTTA MPHU M3CJIEIBAHE HA YCTOMYMBOCTTA Ha OAJMCTUYHHUTE
CBOWCTBA J1a C€ OTYMTAT KOMIUIEKCHO BCHUYKU (PaKTOPH HA OKOJHATAa CpeJia, KAKTO U yCIOBHUATA
Ha ChbXpaHEHHE U peayiHa ekcruioaranus. JluteparypHuar 0030p MoOKa3Ba JMIICAa Ha yTBbpJEHA
METOAMKA WM CTAaHAAPT 3a OLIEHKA Ha BIUSHUETO Ha MHTETPUPAHO CIIBHYEBO JIbYEHHE, KAKTO U



Ha KOMOWHHUpPAHOTO BB3ACUCTBHE HAa KIUMATHUYHU (AKTOPH BBPXY OaJMCTUUYHHUTE
xapakrepuctukn Ha CHB3. ToBa paskpuBa HE0OXOAMMOCT OT pa3padoTBaHe Ha TIO-
YCBBBPUIICHCTBAHU U PCATTMCTUYHU MMOAXOAN 34 OLICHKA Ha HBHFOTpaﬁHOCTTa U HaACKIAHOCTTA Ha
3alUTHUTE MaTepUAIH.

I'enueBa, II., CroitueB, H., KocroBa, K., 3naranoB, H. Memoou 3a oée3pazpywiumenen
KOHmMPOJ1 8 npoyeca no oueHKa Ha Kaiecmeomo Ha CPeoCmed 3a UHOUGUOYAHA OATUCMUYHA
3auwuma, YHUBEPCUTETCKA HaydyHa KoHdepeHuuss Ha HanmoHajleH BOeHeH YHMBEPCUTET
»Bacuia JleBcku®, Besiuko TspaoBo. Coopuuk noxaaau, ISSN 2367 7481, 237-246, 2016.

Abstract: A review of the methods for non-destructive testing used in assessing the quality of individual
ballistic protection equipment (IBP) is made. The main goal of these methods is to identify internal
defects in materials, such as violations of homogeneity, porosity and structural inhomogeneities, without
violating their integrity. It is emphasized that through the application of non-destructive testing methods,
the quality of entire production batches can be effectively controlled.

The study reviewed and analyzed various non-destructive testing methods, including visual methods,
ultrasonic spectroscopy, infrared thermography, radiographic methods, and acoustic emission testing. A
comparative review of their application possibilities in detecting defects in ballistic materials was made,
taking into account both their advantages and limitations.

The results of the study show that although non-destructive testing methods are a valuable tool for
diagnostics and quality monitoring, they cannot completely replace ballistic testing in the final assessment
of the SIBZ. The most effective approach is the combined use of several methods, which allows for more
reliable detection of internal defects and structural changes. These methods are used both in the
production process and in the assessment of the final product and during the operational (warranty) period
of ballistic protection equipment.

Pestome: HampaBen e 0030p Ha MeTtomute 3a Oe3pa3pylIMTENICH KOHTPOJ, W3IMOJI3BAHU IIPH
OIICHKa Ha Ka4eCTBOTO Ha CpeJICTBA 3a MHAMBUAYanHa OanuctuuHa 3amurta (CHUB3). OcHoBHara
el Ha Te3d METOAM € Ja ce MIACHTU(UUUpAT BBTPEIIHU JedeKTH B MaTepuanute, Karo
HapyIIEHUs B XOMOT€HHOCTTA, TOPbO3HOCT U CTPYKTYPHHU HEETHOPOIHOCTH, 0€3 Jja ce HapyIIaBa
TaxHata wsocT. [lomyepraBa ce, ye upe3 NpuiIaraHeTo Ha Oe3pa3pylIMTENTHM METOAM 32
U3IUTBaHE, MOXKe €(EeKTUBHO Ja C€ OCBHIIECTBSIBA KOHTPOJI BBPXY KAdeCTBOTO Ha IIENH
IPOM3BOJICTBEHU MAPTU/IH.

B m3cnenBanero ca pasmieaHu M aHATM3UPAHU Pa3JInYHU METONIH 3a Oe3paspylIuTeseH
KOHTpPOJI, BKJIIOYUTEIIHO BHU3YyaJ€H METOJ, YJITPa3BYKOBa CIIEKTPOCKOINUS, HWH(ppauepBeHa
tepMmorpadusi, paavorpaduyeH MeTOJ W AaKyCTHYHO-€MHCHOHHU W3NHUTBaHMA. HampaBeH e
CpaBHUTeNEH 0030p Ha TEXHHUTE Bb3MOXKHOCTH 33 MPUIOKEHHE NPU OTKpUBaHE Ha JAe(PeKTH B
OaIMCTUYHHI Marepualii, KaTo ca OTYCTCHH KAKTO TCXHUTC MMPEANMCTBA, TaKa U OTPpaHUYCHU.

Pesynratutre OT mpoyuBaHETO IIOKa3BaT, Y€ Makap METOAMTE 3a Oe3pa3pylinTesieH
KOHTPOJI Ja Ca HCHCH MHCTPYMCHT 3a JUArHOCTUKA U MOHUTOPUHI' HA Ka4€CTBOTO, TC HEC MOrar
HaITbJIHO J]a 3aMEHST OaJMCTUYHHUTE M3MUTBaHMA NMPHU OKOHUYarenHara ouneHka Ha CHUB3. Haii-
e(EKTUBHUAT TOAXO/ € KOMOMHHPAHOTO M3MOI3BAHE HAa HAKOJIKO METOJa, KOETO TO3BOJISIBA TO-
HaJIeK/THO OTKPHBAHE HA BbTPELIHH Ae(PEKTH U CTPYKTYpHHU U3MeHeHHs. Te3n MeToau Hamupar
NPUJIOKEHUE KAaKTO B IpOIleca Ha MPOU3BOICTBO, TaKa M TPU OIICHKA Ha KpaHHUs MPOIYKT H 110
BpEeMe Ha €KCIUIOaTallMOHHUS (rapaHIIMOHHUSA) IIEPHOJT Ha CPECTBaTa 3a OAIMCTHYHA 3allUTa.

I'enuesa, II., KoctroBa, K., CroiiueB, H., Anexkcanapos, C. Cmanoapmu 3a uznumeane u
KOHmMPO HA Kauecmeomo Ha cpeocmeama 34 UHOUGUOYATHA OANUCMUYHA 3aUUmMA,
Mexnynapoana HayyHa koHdepenuus ,,XEMYC 2016 — OrOpana, aHTHUTEpPOPU3bM U
curypuoct®, Iliopaus. Coopuuk goxaaau, ISSN 1312-2916, 11 209- 11 215, 2016.



Abstract: The importance of individual ballistic protection equipment (IBP) as a key element in equipping
the armed forces for participation in military and peacekeeping missions is examined. A critical review of
the existing methodology and standardization used in the quality assessment in the process of acquiring
such equipment is presented.

Various standards that regulate the requirements for ballistic protection are analyzed, including the
determination of protection levels and the corresponding test ammunition. These standards define basic
parameters such as bullet mass, impact velocity, number of shots, permissible trauma (deformation behind
the armour), as well as test methods and requirements for marking and labelling. The main objective of
these regulatory documents is to guarantee the reliability and safety of products, as well as to provide a
high level of trust in the end user. It is emphasized that the quality control of SIBZ is carried out through
standardized ballistic tests, which determine the resistance of materials to the impact of firearm threats. In
addition, mechanical tests are also applied to assess the physical and mechanical properties of textile
panels used in body armour. Tensile strength and elongation (warp and weft) are determined according to
the BDS EN ISO 13934-1 standard, while the mass per unit area is measured according to BDS EN
12127.

Pestome: Pasmienanu ca 3Hau€HHMETO HA CpEICTBaTa 3a WHAMBUIyalHA OaJUCTUYHA 3alluTa
(CHB3) karo KJIIOUOB €JIEMEHT MpH OO0OpYIBaHETO HA BHOPBHKECHUTE CHUIIU 33 y4acTHUE BbB
BOGHHM M MHUpoonasBamu MucuHU. [IpencraBeH e KputhueH 0030p Ha ChIlleCTByBalaTa
METOJIOJIOTHSI WM CTAaHJApTU3allMsl, M3IOJI3BaHU IMPU OILICHKaTa Ha Ka4eCTBOTO B IIpolieca Ha
npuIo0MBaHE HA TAaKWBA CPENICTBA.

AHamM3UpaHu ca Pa3IMYHH CTaHAAPTH, KOWTO pPErIaMEHTHUpAaT H3WCKBAaHUATA KbM
OanMCTUYHATA 3allIUTa, BKIIOYUTEIIHO ONPE/CSIIsTHE Ha HUBATa Ha 3allluTa U ChOTBETHUTE TECTOBU
Ooemnpunacu. B te3u cranmapTtu ca neduHUpaHH OCHOBHU MapaMeTpH Karo Maca Ha Kyplryma,
yaapHa CKOpPOCT, Opod H3CTpenu, MOomycThMa TpaBma (nedopmarus 3an OpoHATA), KAKTO U
METOJIM 3a M3IHUTBAHE W M3UCKBAaHUS 33 MAapKUPOBKA M eTukeTHpaHe. OCHOBHATa 1Nl HA TE3H
HOPMAaTUBHH JOKYMEHTH € Jia TapaHTUPAT HAJekJTHOCTTAa W 0OC30MacHOCTTAa HAa MPOAYKTHUTE,
KaKTO M JIa OCUTYPST BICOKA CTETNEH Ha JOBEpHUE Y KpailHUS MOTPEeOUTEI.

[TomuepraBa ce, 4e KoHTposbT Ha KadecTBoTO Ha CHMB3 ce ochiiecTBsiBa upes
CTaHAApPTU3UPAHU OANMCTUYHH U3MHUTBAHUSA, KOUTO OMPENENAT YCTOMYMBOCTTA HA MaTepUaInTe
KbM BB3JIEHCTBUE OT OrHECTpENIHM 3aryiaxu. OCBEH TOBa ce MpuiiaraT U MEXaHWYHHU W3MUTBAHUS
3a OIEHKa Ha (PU3UKO-MEXaHWYHUTE CBOMCTBa Ha TEKCTWJIHUTE T[IaHETH, U3IMOJI3BAaHH B
OpoHEeXUIETKUTE. SIKOCTTa M pa3TEemIMBOCTTA MpPHU ONBH (MO OCHOBA U BBTHK) CE€ OIPENEISIT
ceracHo cranaapra BJIC EN ISO 13934-1, nokaro macara Ha €JuHULA IUIONI CE U3MEPBA MO
BJAC EN 12127.

CroiiueB, H., I'enueBa, I1., KocroBa, K. Memoou u mamepuanu, uznonzeanu ¢ makemu 3a
u3cnedeane Ha yCMoOUYUeoCm npu npodueaemocm u mpasma ehpekm om danucmuyen yoap,
Me:xkayHnaponHa HayyHa KoH(pepeHuus ,,Boenna akanemus ,,I'eopru CroiikoB PakoBcku* —
105 roauHm 3HaHWMEe B HHTEpPeC HA CHI'YPHOCTTAa W orOpanara®“, 6-7 ampuia, Codus.
Coopuuk aoxaaau, ISBN 978 619 7478 00 6, 176-179, 2017.

Abstract: The testing methodology for determining the trauma effect of a ballistic impact on a ballistic
protection device and the possibility of characterizing it with potential injury was followed. Types of
materials and mock-ups designed to recreate the reactions of the human torso to a ballistic impact as
reliably as possible were examined. The conducted study establishes that studies and experiments have
been conducted and are still being conducted in order to determine the relationship between blunt trauma
in testing ballistic protection devices and injury to people. As a result of these studies, requirements for
trauma effect have been formed in the relevant standards. The standards for body armour and helmets
used around the world are mainly national and departmental depending on the threats and their level of



protection. The requirements for permissible trauma effect are different in the relevant testing standards
and can hardly be compared. The plasticine and bullets used in ballistic tests are also not the same. In
general, in British, German and other European standards, the requirement for permissible measured
trauma effect is 20-25 mm, in the Russian standard it is 17 mm and the NIJ standards require 44 mm, at
which there is a greater likelihood of causing internal injuries. The requirement for the maximum
permissible measured trauma for body armour is disputed due to constant discussion in the field of testing
and medicine and the relative relationship between resistance to penetration and trauma effect.

Pestome: IIpociienena e mMeTomonorusra 3a M3MUTBAHE NPU ONpPEACISIHETO TpaBMa edekra OT
OamUCTUYHMSL yaap BBbPXY CpEICTBO 3a OalMCTUYHA 3alluTa W Bb3MOXKHOCTTA 34
OXapakTepu3upaHe ¢ NOTCHIMAJIHO HapaHsABaHe. PasmienaHu ca BUAOBE Marepualv U MakKeTH
IIPEHA3HAUYEHU J1a MPECh3JalaT MAaKCHUMAJIHO JTOCTOBEPHO PEAKLMUTE HA YOBELIKHS TOPC IPHU
OanuctuueH ynap. IIpoBeneHOTO M3cCiieBaHE yCTAHOBSBA, Y€ NPOYUYBAHUS U EKCIIEPUMEHTH ca
IIPOBEICHU M BCE OLLIE C€ MPOBEXKAAT C LIE] ONpPEAEIsiHE 3aBUCUMOCTTAa MEXY ThIlaTa TpaBMa
IpY U3MUTBAHMUATA HA CPEJICTBA 32 OATMCTUYHA 3alllUTa U HapaHsABAaHETO Ha Xopa. B pesynrar Ha
T€3W M3ClleIBaHUs ca (OPMUPAHU M3UCKBAHMS KbM TpaBMa €(EeKT B ChOTBETHHUTE CTAHIAPTH.
W3non3BaHuTe 1O CBETa CTaHAAPTU 3a OPOHENKWIETKM U KACKU NPEJUMHO Ca HAI[MOHAJIHHU U
BEJOMCTBEHH B 3aBHCHMOCT OT 3alUIaxXUT€ ¥ HHUBOTO MM Ha 3amura. l3uckBaHusATa 3a
JOITycTUMa TpaBMa e(heKT ca pa3IuvHU B CHOTBETHUTE CTAaHAAPTH 33 U3MUTBAHE U TPYAHO MOTaT
na Objar cpaBHsABaHM. M3non3BaHuTe npu OaNMCTUYHUTE W3MUTBAHUA IUIACTEIMHU U KYPLIIYMHU
ChILlO HE ca enHakBU. Karo 1s510 B OpUTaHCKUTE, HEMCKUTE M JIPYT'M €BpPONEUCKH CTaHIapTU
U3MCKBAHETO 3a JIOIYCTUMA U3MepeHa TpaBMa edekt e 20-25 mm, B pyckus ctanaaprt € 17 mm a
NIJ cranpgaptute usuckBar 44 mm, Opu KOETO MMa IO-TOJIIMAa BEPOSATHOCT Ja MPUYMHU
BBTPEIIHU HapaHsBaHMs. M3MCKBaHETO 3a MaKCHMajaHO JONYyCTHMara HM3MEPEHa TpaBMa 3a
OpOHEXHIIETKH C€ OCIOpBa IMOpPaaM IOCTOSHHA AMCKyCHS B 0ONacTTa Ha W3MUTBAHUATA U
MeIMIIMHATA U OTHOCUTENIHATA BPb3Ka HA YCTOMYMBOCTTA OT IPOHUKBAHE U TpaBMa e(eKTa.

I'enueBa, II., KocroBa, K., CroiiueB, H. Memooonozua 3a nabopamopno yckopeno
UMUMUPAHO cmapeeHe Ha cpeocmeama 3a Oanucmuyna 3auwjuma, FOOumieitHa HaydyHa
KoH(epeHUHsI ¢ MeXKIYHapoaHO yuyacTHe ,,CbBpeMeHHU TEHJEHIHH B ABHAINMOHHOTO
o0yuenue®, lonna Murtponoaus, 18—-19 maii. Coopuuk goxaaau, ISBN 978 954 713 110 1
(CD ROM publication), 133-139, 2017.

Abstract:This study analyzes the influence of climatic conditions on the protective characteristics of
ballistic protection equipment. The main emphasis is placed on the assessment of changes in the
operational properties of ballistic protection equipment (BPE) as a result of the impact of various
environmental factors. In this regard, methods for accelerated aging and fatigue of materials have been
examined and systematized, which are applied for the purpose of effective quality control, as well as for
determining the durability and functional suitability of BPE.

When applying accelerated aging methodologies, it is necessary to cover all tests that are directly related
to real operating conditions. This includes a comprehensive assessment of the behaviour of materials
under ballistic loading, as well as monitoring changes in the main indicators such as specific area mass,
strength characteristics and chemical composition. Additionally, visual inspections are carried out to
identify partial or complete structural changes in the components of body armour and helmets.

The current dynamics of the geopolitical situation require that ballistic protection equipment be used in a
wide range of climatic zones, including extreme conditions. This requires the development and
implementation of test regimes that adequately simulate the impact of adverse environmental factors,
such as high and low temperatures, humidity, UV radiation and others.

In order to achieve higher reliability of the results, tests to determine the degree of aging and fatigue of
the materials that make up the SIBZ should be carried out through cyclic regimes, including sequential



and combined effects of various climatic factors. Such an approach allows for a more realistic assessment
of degradation processes and provides reliable information about the operational stability and durability
of ballistic protection equipment.

Pestome: B HacTosAmoTo HM3cienBaHE € aHAIW3MPAHO BIMSHUETO HAa KIMMATUYHHUTE YCIOBHS
BBPXY 3aIIUTHUTE XapaKTEPUCTUKU HA cpejcTBara 3a OamuctmuHa 3amuTta. OCHOBEH aKIEHT €
MOCTAaBEH BBPXY OIlEHKAaTa Ha MPOMEHUTE B EKCIJIOATAllMOHHUTE CBOMCTBA HAa CpeJICTBara 3a
6amuctuyna 3anmra (CUB3) B pe3ynTar Ha Bb3IEHCTBHETO Ha pa3inyHU (haKTOPHU Ha OKOJHATA
cpena. B Ta3su BpB3Ka ca pasmieqaHd M CHCTEMaTHU3MPaHU METOIAM 3a YCKOPEHO CTapeeHe W
yMOpa Ha MaTepuanTe, KOUTO CE MPHUJIATaT C el e()eKTUBEH KOHTPOJ Ha KaueCTBOTO, KAKTO U 3a
ompeesTHe Ha ABJITOTpaitHOCTTa M pyHKITMOHAIHaTa rogHocT Ha CUB3.

[Ipy mpwiaraneTro Ha METOIMKHTE 3a YCKOPEHO CTapeeHe ¢ HeoOXoaumo aa Obaar
00XBaHATHM BCHYKH W3MHUTBAaHUSA, KOUTO Ca TPSIKO CBBbpP3aHU C PEAIHHUTE YCIOBUSA Ha
ekcrutoaranus. ToBa BKJIIOYBA KOMILJIEKCHA OIIEHKAa HA IMOBEACHUETO HAa MaTEpHAINTE IpHU
0aNMCTUYHO HATOBapBaHE, KAKTO W MPOCJEAsIBAaHE HA U3MEHEHHUS B OCHOBHHTE IMOKa3aTelld KaTo
crenuuYHa TUIONIHA Maca, SKOCTHHU XapaKTEPUCTUKH U XMMHYEH ChCTaB. J[OMBJIHHUTETHO ce
M3BBPIIBAT BU3YyaJlHW HMHCIEKIUU 32 YCTAHOBSIBAHE HA YACTUYHHU WM IUIOCTHU CTPYKTYpHU
W3MEHEHUS B ChCTABHUTE €JIEMEHTH Ha OPOHEKHUIICTKU U KaCKH.

AKTyanmHara JUHAMUKa Ha TeolOJIMTHYEeCKara OOCTaHOBKAa Hajara CpeicTBara 3a
OalMcTUYHA 3amuTa Aa OBJaT W3MOJA3BaHM B IIMPOK CIEKThP OT KJIMMAaTHYHUA 30HH,
BKIIIOYUTEITHO EKCTPEMHHU YclioBus. ToBa W3HMCKBAa pa3pabOTBaHETO U MPHIIATaHETO Ha
W3MUTBATCIHU PEKUMH, KOWTO aJIeKBaTHO CHUMYJIUpPAT BB3JCHCTBUETO Ha HEOIAronpuUsTHU
dakTopu Ha OKOJHATa Cpela, Karo BHCOKM M HUCKU Temreparypu, BiakHOCT, UV-nmbueHue u
Apyru.

C omen mocTura€e Ha MO-BHCOKa JOCTOBEPHOCT Ha pE3ylTaTUTE, M3MUTBAHUATA 32
OmpeJesIsiHe CTEIEeHTa Ha CTapeeHe U yMmopa Ha Marepuanute, urpaxaamu CUB3, cnexsa na ce
MPOBEXKJIAT 4Ype3 IUKIWYHU PEKUMH, BKIIOYBAIIM ITOCJICIOBATEIIHO W KOMOMHHPAHO
BB3CHCTBHE HA Pa3IMuHU KiuMarndHu (akropu. [TomodeH moaxom mo3BoiIsBa MO-peaaTucTHIHA
OIICHKa Ha JerpaJlalliOHHUTE TPOLECH M OCUTYypsiBa HaJexkaHa uHbopMamus 3a
eKCIUTOaTallMOHHATA YCTOMYUBOCT M JBJITOTPAtHOCTTa Ha CPeACTBaTa 3a OAIMCTUYHA 3alllUTa.

I'enueBa, II., KocroBa, K. Jleku komnozumnu mamepuanu, eneopeHu 6 cpeocmea 3a
oanucmuuna 3auuma, YHUBEPCUTETCKA HayyHa KoHGepeHuuss Ha HanmonajieH BoeHeH
yHuBepcurtet ,,Bacuia JleBcku®, Betuko Topuoo. CD ISSN 2367 7481, COopHuK q10KJIaAH,
ISSN 1314 1937, 100-106, 2017.

Abstract: This study examines fibrous composite materials obtained by transfer of a polymer binder using
a support technology. The main focus is on the possibility of direct transfer of the polymer system onto
aramid fabric and the influence of technological parameters on the quality of the obtained composites.

A solution of modified polyvinyl butyral (PVB) dissolved in ethyl alcohol was used as a binder. The
composite system is based on an aramid fabric with a specific area weight of 410 g/m?, a litho weave, a
linear thread density of 3400 dtex and a density of 70 threads per centimetre both in the warp and weft.

The technological process involves the regulation of a number of key parameters that significantly affect
the adhesion of the binder to the fabric and the properties of the final material. Among them are
movement speed (1 m/min —10 m/min), pressure roller temperature (20°C —90°C), pressure force (200—
1200) N depending on the roller diameter, resin viscosity, and polymer concentration (40%-55% in ethyl
alcohol).

Experimental results show that effective resin transfer is achieved even at a temperature of about 90°C.
The increase in temperature leads to a decrease in viscosity, an increase in fluidity and a better penetration



of polyvinyl butyral into the structure of the fabric. At the same time, however, an increase in PVB losses
is observed due to a reduced adhesion stability of the system.

In the course of the study, it was found that the mechanical properties of the resulting composite materials
are of key importance and are determined mainly by the characteristics of the fiber matrix and the formed
polymer film of the binder. The strength and stability of the film depend primarily on the chemical nature
of the polymer, but are also influenced by technological factors such as temperature, humidity, pressure
and the presence of air inclusions in the system.

The binder is applied to the carrier substrate, after which a short drying and subsequent transfer to the
main aramid fabric is performed, which allows the formation of a uniform composite layer with the
appropriate properties.

Pestome: B Hacrosimoro wu3cienBaHe ca pas3mielaHd BIAKHECTH KOMIIO3UTHU MarepHaly,
NOJYYEeHU Ype3 TpaHcdep Ha MOJUMEPHO CBBP3BAIIO BEIIECTBO MOCPEACTBOM TEXHOJIOTHUS C
Hocellla NouIokKka. OCHOBHUAT (OKYC € BbPXY BB3MOXKHOCTTA 3a JUPEKTHO NPEXBHPIJISHE Ha
MOJIMMEpPHATA CHUCTEMa BBPXY apamMuiHa ThKaH U BIUSHUETO HA TEXHOJIOTMYHUTE MapaMeTpu
BBPXY Ka4€CTBOTO Ha MOIYYEHUTE KOMIO3UTH.

Karo cBbp3BaIio BemecTBO € W3MOI3BaH Pa3TBOP Ha MOTUGDHUIIUPAH TOJTUBUHUIOYTHPAIT
(PVB), pa3TBopeH B €TWJIOB ajKoXoJl. 3a OCHOBa Ha KOMIIO3UTHAaTa CHUCTeMa € H3MOJ3BaHa
apaMHIHa ThKAaH ChC crenuduIHa rioniaa maca 410 g/m?, CruMTKa JUTo, JIMHEHHA IUIBTHOCT Ha
Humkute 3400 dtex u rbctuHa 70 HUIIKM HA CAHTUMETHP KaKTO IO OCHOBA, TaKa U 1O BHTHK.

TexXHOMIOTUYHUAT MPOLIEC BKIIOYBA PETYIMpPaHE HA Peaulla KIIOUYOBU MapaMeTpu, KOUTO
OKa3BaT ChHILECTBEHO BIUSHUE BHPXY aJIXe3UsATa HA CBBP3BALOTO BEUIECTBO KbM THKAHTA U
BbpXY CBOWCTBaTa Ha kpaiiHus marepuan. Cpen Tsax ca: ckopocT Ha jasmwkenue (1 m/min —10
m/min), Temneparypa Ha nputuckamms Bai (20°C —90°C), cuna Ha Hartuck (200-1200) N B
3aBUCHMOCT OT JMaMeThpa Ha Baja, BHUCKO3UTET HA CMOJIaTa, KAaKTO W KOHIICHTpAlMs Ha
nonumepa (40%—55% B eTUIIOB aJIKOXOM).

ExcrniepuMeHTanHUTE pe3ynTaTH MOKa3BaT, ue e(QeKTHBEH TpaHCcep Ha cMmojara ce

noctura ouie npu Ttemmeparypa okoio 90°C. IloBuimiaBaHeTo Ha TeMmIeparypara BOIU JO
HaMajsiBaHe Ha BHUCKO3WTETa, YBEIWYaBaHE HA TEWIMBOCTTA W TO-I00pO MPOHUKBAHE Ha
NONUMBUHWIOYTUpala B CTPyKTypaTa Ha TbKaHTa. B cbmioro Bpeme obade ce HaOmomaBa
yBesqMyaBaHe Ha 3aryoutre Ha PVB BcnencTtBue Ha HamaneHa aJXe3WOHHA CTAOMIIHOCT Ha
cucreMara.
B xona Ha u3cneaBaHETO ce YCTaHOBSBA, Y€ MEXaHUYHHUTE CBOMCTBA HAa MOJYYEHUTE KOMIIO3UTHU
MarepuaJd ca OT KJIIOYOBO 3HAYEHHE U CE€ OMNPENENAT OCHOBHO OT XapaKTEPUCTUKHUTE Ha
BJIaKHECTaTa Marpuiia u GopMHUpaHus MoIUMepeH (UM Ha CBBP3BAIIOTO BEMIECTBO. SIKOCTTa U
cTaOMIHOCTTA Ha (hUsIMa 3aBUCAT MPEIU BCHUKO OT XMMHYHATA MPUPOJIA HA MOJTUMEPA, HO CHIIO
TakKa ce BIUSIAT OT TEXHOJIOTHYHHU (haKTOpU KaTo TeMIIeparypa, BIaKHOCT, HANSTaHe U HATMYUETO
Ha BB3YIIHU BKJIIOYBAHUS B CHCTEMATA.

CBbp3BalIoTO BEMIECTBO CE HAHACS BbPXY HOCENIATA MOAJIOKKA, CIIe/l KOETO C€ U3BbPIIBA
KpaTko MOJCyIIaBaHEe M TocienBal] TpaHc(ep BBPXYy OCHOBHAaTa apaMHJHAa TbKaH, KOETO
Mo3BOJIsIBa (hOpMUpaHE HAa PABHOMEPEH KOMITO3UTEH CIION ChC CHOTBETHHUTE CBOICTBA.

I'enueBa, II., KupxoB, /I., KocroBa, K. Bucokoakocmnu cunmemuynu enakua u
HaHnopasmepuu uyacmuuyu Ha Siz Ny, 00edunenu 6 eounna Komnozumna cucmema 3a
oanucmuuna 3auuma. YHUBEPCUTETCKAa HayyHa KoHGepeHuuss Ha HanmoHajieH BOeHeH
yHuBepcurtet ,,Bacuia JleBcku®, Beiuko Topuoo. CD ISSN 2367 7481, COopHMK T0KJIAAH,
ISSN 1314 1937, 1018-1025, 2018.

Abstract: A composite material for lightweight ballistic protection is being developed, consisting of
aramid fibers, polyvinyl alcohol (PVA) and silicon nitride nanoparticles (Siz N4 ). The goal is to create a
system that combines high ballistic resistance with low weight and good mobility when worn. The aramid



fibers provide the main mechanical strength, while the PVA forms a protective film on them, which fills
microcracks and improves the structural integrity of the material. The addition of glacial acetic acid to the
PVA solution contributes to better strength retention and mass reduction of the samples. Sisz N,
nanoparticles increase the ultimate ballistic velocity and further improve impact resistance. Tests show
that with increasing PVA and nanoparticle content, the ballistic resistance of the composite increases
compared to untreated aramid. Scanning electron microscopy analysis confirms uniform distribution of
nanoparticles and stability of the structure after ballistic impact. In conclusion, the developed composite
is suitable for use in lightweight ballistic body armour and protective systems for people and equipment,
combining high protection, low weight and structural reliability.

Pe3stome: Pa3paboTBa ce kKOMIO3UTEH MaTepHall 3a OJEKOTeHa OalMCTHYHA 3allUTa, ChbCTaBEH OT
apaMHJHH BJIaKHA, MOJMBUHIIOB ankoxod (PVA) u Hanowyacthum cununueB HUTpUA (Siz Ny ).
Ilenta e na ce cb3maze CUCTEMA, KOSITO ChYETaBa BHCOKA OalMCTUYHA YCTOWYMBOCT C HUCKO
TEIO U J0Opa MOOMIIHOCT MTPHU HOCEHE. ApaMHUIHUTE BIIaKHA OCUTYpPSIBAaT OCHOBHATa MEXaHUYHA
31paBuHa, 1okato PVA oOpa3ysa 3amureH GuiaM BbpXY TAX, KOMTO 3abjBa MUKPOITYKHAaTUHU U
nof00psBa CTPYKTYpHaTa ILUIOCT Ha Marepuaina. Jlo0aBsHETO Ha JIe[IeHa OLETHA KUCEIUHA KbM
PVA pastBopa nonpuHacs 3a 1no-1o0po 3ana3BaHe Ha 3ApaBUHATa M HaMaJlsBaHE Ha Macara Ha
oOpasuute. Hanouactuuure Siz N, mnoBumaBar rpaHM4HaTa OaJUCTHUYHA CKOPOCT U
JOII'BJIHUTENTHO OA0OpsABaT ycTOWYMBOCTTa Ha yrnapa. M3nuTBaHusATa MoOKa3Bar, 4e C
yBEJIMYaBaHE Ha ChbAbpKaHHETO Ha PVA u HaHouacTMu ce MoOBuUIIaBa OanucTUYHara
YCTOMYMBOCT HA KOMIIO3UTA B CPaBHEHUE C HEOOpaOOTEeHUs apaMua. AHAIN3BT Upe3 CKaHUpalla
€JIEKTPOHHAa MUKPOCKOIUS IOTBbP)K/aBa PAaBHOMEPHO pA3MpEIE/ICHUE Ha HAHOYACTULUTE U
CTaOMJIHOCT Ha CTpPYKTypara ciej] OaJuCTUYHO Bb3ZelcTBUe. B 3akioueHue, pa3paboTEHUST
KOMIIO3UT € IMOJXOJSIN 332 M3IOJI3BAHE B OJICKOTCHH OAIMCTUYHU OpPOHEKHMJICTKH W 3alllUTHU
CHUCTEMH 3a XOpa M TEXHMKA, KaTo KOMOMHHMpA BHMCOKa 3alUTa, HUCKO TEIIO M CTPYKTypHa
HaJIeXkKTHOCT.

I'enueBa, II., Kupkos, /I., KocroBa, K. Komnosumna cucmema om 6ucokoakocmuu
cunmemuynu enakua, ywacmuyu nHa W u apmupawa mampuya om ROJIUBUHU ATIKOXOJL,
npeonasnauena 3a oOanucmuyna 3auwiuma. BoeHHonayyHa koHdepeHuusi Ha Boenna
akagemus ,,I'eopru CroiikoB PakoBcku®, Copusi, 20-21 ronu. Coopuuxk noxaaam, ISSN
1312 2991, p. 348-354, 2018.

Abstract: A lightweight composite system for individual ballistic protection equipment has been
developed, based on a combination of aramid fabric (Kevlar, type “Style 363”), tungsten particles (W)
and a polyvinyl alcohol (PVA) matrix. The main goal is to increase the resistance of the material against
bullets and shrapnel, while reducing the weight of the protective equipment.

The manufacturing process involves impregnating the aramid fabric by immersing it in a PVA solution to
which tungsten particles have been added. This simultaneously strengthens the fibers and attaches the
heavy particles to their surface. After processing, ten-layer composite systems are created, which are dried
at room temperature for 72 hours to stabilize the structure. The physicomechanical and ballistic tests
conducted show that the properties of the resulting material directly depend on the amount of tungsten
and PVA in the matrix. The PVVA coating smoothes the surface of the aramid fibers and fills microcracks,
which leads to increased structural integrity and strength. As a result, an increase in strength by about
15% is observed, while at the same time the composite system is lighter. Using scanning electron
microscopy, it was found that the tungsten particles are evenly distributed and remain firmly attached to
the surface of the fibers even after ballistic tests. This is a key factor for the improved resistance of the
material to impact loading.



In conclusion, the developed composite system demonstrates improved mechanical and ballistic
characteristics and has the potential for effective application in modern means of individual ballistic
protection.

Pestome: Pa3paborena e osiekoTeHa KOMIIO3MTHAa CHCTEMa 3a CpPEICTBA 3a HMHAMBHIyalHA
OanvcTuyHa 3amuTa, 0a3upaHa Ha KoMOWHAIMs OT apamuaHa ThkaH (Kevlar, Tum ,,Style 363%),
BosippamoBu vyactunu (W) u marpuna ot noauBuHmI ankoxoi (PVA). OcHoBHara 1en € aa ce
MOBUINKA YCTOMYMBOCTTA HA MaTepuaja Cpelnly KypIIyMH U OCKOJKH, Karo CHIIEBPEMEHHO CE
HaMaJld TENIOTO Ha 3aIUTHUTE CPECTBA.

[IpoulechT Ha wu3pabOTBaHE BKIOYBA HMIIPETHUPAHE HA apaMUJHaTa TBhKaH Ype3
noTarnsiHe B pa3TBop Ha PVA, B KoiTo ca no6aBeHu BosippamMoBu dacTuiy. [1o To3u HaumH ce
MOCTHTa €IHOBPEMEHHO YsKYaBaHE Ha BIIAKHATA M 3aKPEMBAHE HA TEKKHUTE YACTULU BBPXY
TsXHaTa MoBbpXHOCT. Cien oOpaboTkara ce ch3gaBaT KOMIO3UTHH CHUCTEMH OT JECET Cios,
KOWTO CE CyIIaT MpH CTaiiHa Temreparypa B NpoAbIDKeHHE Ha 72 yaca, 3a Ja ce cTtabuimusupa
cTpykrypara. IIpoBenenure ¢usmko-mMexaHnyHu W OaJMCTUYHM W3MHUTBAHUS IOKa3BaT, ue
CBOICTBAaTa Ha IMOJYYCHHS] MarepHall 3aBUCAT MPSKO OT KOIUYECTBOTO Bojidpam u PVA B
marpunara. [lokputuero ¢ PVA u3miaxaa moBbpXHOCTTa Ha apaMUJHHUTE BIAKHA U 3allblBa
MUKPOITYKHATHHH, KOSTO BOJM 0 TOBWINECHA CTPYKTYpHA ISUIOCT W 3lIpaBUHA. B pesynrar ce
Ha0JII0/1aBa yBEJIIMYEHHUE Ha SIKOCTTa ¢ 0K0JI0 15%, Karo ChUIEBPEMEHHO CE€ MOCTUra OJIEKOTSBaHE
Ha KOMITO3UTHAaTa CUCTEMA.

C nmomorira Ha CKaHUpalla eIeKTPOHHA MUKPOCKOIUS € YCTaHOBEHO, Y€ BOJI(PPaMOBUTE
YACTHIIM Ca PAaBHOMEPHO Pas3Ipe/IeJICHH U OCTaBaT CTA0OMITHO IPUKPEIICHN KbM MMOBBPXHOCTTA Ha
BJIAKHATAa JOpU clied OamuCTUYHM M3NUTBaHMS. ToBa € KIO4YoB ¢akTop 3a mnojoOpeHara
YCTOMYMBOCT Ha MaTepuasia MpH yIapHO HaTOBapBaHE.

B 3akmouenuwe, pa3paboTeHaTta KOMIIO3UTHA CHUCTeMa JEMOHCTpUpa MOA00peHH
MEXaHUYHH ¥ OaJMCTHYHU XapaKTEPUCTUKA W MMa TOTEHIMAN 3a ¢()EeKTUBHO NPUIIOKCHHE B
CHbBPEMEHHU CPEJCTBA 3a MHAWBU IyaTHa OaIlCTUYHA 3alIHUTAa.

Gencheva, P., Kostova, K., Kirkov, D., Aleksandrov, S. Study of the impact of nanopowders
SiC on the ballistic characteristics of ultra high molecular weight polyethylene (UHMWPE).
XX National Textile Conference 2018 “Traditions and Innovations in Textile and Clothing”,
2—4 October, Sofia, Bulgaria. Textile & Garment Journal, ISSN 1310 912X, 268-272, 2018.

Abstract: The present study examines the influence of polyvinyl butyral (PVB) and nanosized silicon
carbide (SiC) particles deposited on ultrahigh molecular weight polyethylene (UHMWPE) on the
mechanical and ballistic characteristics of a UHMWPE/PVB/SIC composite system. The ballistic tests
performed with fragments show an increase in ballistic resistance with increasing the amount of SiC on
the surface of the one-sided impregnated polyethylene.

The results of the tensile strength tests confirm this trend, as an increase in strength is observed with
increasing nanoparticle content. The analysis of the mass per unit area, according to BDS EN
12127:2000, shows an increase of approximately 10%, which can be considered insignificant compared to
the achieved improvement in properties.

The morphology and quality of the impregnation were investigated by scanning electron microscopy,
which confirmed the good distribution of the nanoparticles in the matrix. In summary, the results show
that increasing the content of SiC nanoparticles leads to a significant improvement in both the tensile
strength and ballistic resistance of the developed composite system, with a minimal increase in mass.

Pestome: Hacrosimoro wu3cneaBaHe pasmiexia BIUsSHUETO Ha mnonuBuHWIOyTupan (PVB) u
HaHOpa3MepHM dYacTUIM cuiuiueB kapoupj (SiC), HaHECEHH BBbPXY MOJHETUIIEH C BHCOKO
monekynHo Ternio (UHMWPE), Bbpxy MexaHWuHUTE M OalMCTUYHHUTE XapaKTEPUCTUKH Ha
xomno3zutHa cucreMa UHMWPE/PVB/SiC. [IpoBenenute 0anvCTUUYHN M3MUTBAHHS C OCKOJIKU



MOKa3BaT MOBMIIABaHE Ha OAaNUCTUYHATA YCTOWYMBOCT C yBeJIMUYaBaHe Ha KomuuecTtBoTo SiC
BBPXY MOBBPXHOCTTA HAa €IHOCTPAHHO MMIIPErHUPAHHS TOINETHIICH.

Pe3y.HTaTI/ITC OT MIIUTBAHHUATA 3a SAKOCT Ha OIIbH IOTBBPKAABAT Ta3W TCHACHIHA, KaTO CC
HaOJIIo/1aBa HapacTBaHE Ha SKOCTTA C YBEJIMYaBaHE ChABPKAHUETO HA HAHOYACTUIM. AHAIHU3BT
Ha Macara Ha eauHuna miom, cbriacHo bJIC EN 12127:2000, noxa3Ba yBEIHMYEHHE C
npubmusutenHo 10%, koeTo Moxe Ja ce cuuTa 3a HE3HAYUTENHO CIPSIMO HOCTUI'HATOTO
noo0OpeHNe Ha CBOMCTBATA.

Mopdonorusata ¥ KaueCTBOTO HAa HMIIPETHHPAHETO Ca M3CICABAHM 4Ype3 CKaHUpalla
€JIGKTPOHHA MHUKPOCKOIHS, KOSTO MOTBBPXKAaBa J00POTO pasmpenesieHue Ha HAaHOYaCTULIUTE B
Mmarpunara. B o0o0menue, pesyaTaTiure Mokas3Bar, 4e yBeJIHMYaBaHETO Ha ChAbpxkaHueTo Ha SiC
HAaHOYACTHIIM BOJHM 1O CHIIECTBEHO IMOJOOpPEHHE KAKTO Ha SKOCTTAa Ha ONbH, Taka M Ha
OanMcTHYHATA YCTOMYMBOCT Ha pa3paboTeHaTa KOMIIO3MTHA CHUCTEMa, I[PH MUHHMAIIHO
YBCIMYCHUC HA Macara.

Hensinkosa, II., Kupkos, /1., Anekcanapos, C., KocroBa, K. U3cnedsane aoxezuama na
C6bpP36aHEe HA GUCOKOMONEKYIHU CMOAU KbM aApPAMUOHU 61akHa, MexITyHApOIHA HAy4yHa
koH(pepennus , XEMYC 2020 — Hayuynure u3cjieBaHus U MHBECTULMUTE B TEXHOJOTMYHU
HHOBaNlUM — pemaBaml ¢(axkrop 3a orOpanara u curypHocrra®, Ilnosaus. COopHHK
noxkaaau, ISSN 1312 2916, 1-48— 1-56, 2020.

Abstract: The present study examines the effect of energy absorption and deformation upon impact on
composite materials, likely used in protective structures. The experiments conducted show that different
composite systems exhibit a similar traumatic effect, with delamination of the composite package
observed at similar velocity values upon impact from a fragment. This mechanism contributes to the
effective energy absorption.

The influence of temperature on the mechanical properties of the materials was also analyzed. It was
found that at temperatures above 140 C, the elongation decreases with increasing temperature, while the
tensile strength increases. At 170 C, a significant increase in strength is observed, which is probably due
to structural crosslinking in the phenol-formaldehyde resin. Additionally, the impact of environmental
factors, such as high humidity and ultraviolet radiation, which have an adverse effect on the resistance
and mechanical characteristics of the materials, was studied. In the experimental part, the influence of
technological parameters - pressure, time and temperature during heat treatment - on the adhesion
between phenol-formaldehyde (FF) and polyvinyl butyral (PVB) resins was also evaluated. It was found
that optimal adhesion strength, about 35 N, is achieved at ratios of 50:50 and 55:45.

The results emphasize the importance of optimizing the composition and technological parameters for
improving the impact resistance and energy-absorbing properties of composite materials.

Pestome: HacTosmoro uscneaBane pasmiex/a eexra Ha NOMTbIaHe Ha eHeprus U nedopmanus
IpU yaap BbpPXy KOMIIO3UTHHM MaTE€pUajM, W3NOJI3BAaHU BEPOATHO B 3ALIUTHU KOHCTPYKLHUH.
HpOBe,HeHI/ITe CKCIICPMMCHTH IMOKa3BaT, 4€ pa3IMUYHUTC KOMIIO3UTHU CUCTEMU IPOABABAT CXOACH
TpaBMaTH4eH e(eKT, Karo MpH ynap oT (parMeHT ce Habiro/aBa pa3ciiosiBaHEe HA KOMITO3UTHHS
nakeT npu ONM3KKM CTOMHOCTH Ha CKOpocTTa. T03W MEXaHU3bM JOMNpUHACS 3a €PEKTUBHOTO
NONTBIIAHE HA CHEPIHSL.

AHanmM3upaHO € W BIMSHUETO Ha TeMIeparypara BbPXy MEXAHWYHHUTE CBOMCTBAa Ha
MaTepuaJnTe. YCTaHOBEHO €, ue npu Temneparypu Hag 140 C yabmkeHHeTo HamaisiBa C
MOBUIIABAaHE Ha TeMIleparypara, JOKaTo 3[ApaBMHaTa Ha cKbcBaHe Hapactea. IIpu 170 C ce
HaOII0/1aBa 3HAYUTEITHO YBEJIWYEHHE Ha 3[paBUHATA, KOETO BEPOSTHO C€ JBJIDKU HA CTPYKTYPHO
oMpekaBaHe BbB  (peHOnm-popmangexuaHarta cMmona.  JIOOBIHUTEIHO €  U3CIEJBaHO
BB3/ICHCTBHETO Ha (DaKTOpH Ha OKOJHATa Cpela, Karo BHUCOKA BIAXKHOCT M YITPaBHOJIETOBO
JBYCHHUEC, KOUTO OKa3Bar He6HaFOHpI/I$ITHO BJIUAHUEC BBPXY yCTOfI'—IPIBOCTT& U MCXAaHUYHUTEC



XapakTEepPUCTUKUA Ha MarepuaiuTe. B ekcrnepuMeHTallHaTa 4acT € OLEHEHO M BIMSHUETO Ha
TEXHOJIOTUYHUTE MapaMeTpH — HajsiraHe, BpeMe U TeMIleparypa npu TepMooOpaboTka — BbpPXY
anxesusara Mexay ¢enon-popmangexunau (ODP) u nomuBuaHnOyTupanau ([1BB) cmonm.
YcraHoBeHO €, 4Ye ONTHMajHa 3/ApaBMHA Ha 3alienBaHe, okojo 35 N, ce moctura mnpu
cpoTHOmeHus 50:50 u 55:45.

Pesynrarure nmomyepraBaT 3HaYEHUETO HA ONTUMU3ALMTA Ha ChCTaBa U TEXHOJIOTUYHUTE
napaMeTpu 3a MOAOOpsBaHE Ha YIApOyCTOMYMBOCTTA W €HEproadCcopOMpammuTe CBOWCTBAa Ha
KOMITO3UTHUTE MaTepUaIy.

KocroBa, K. K., HensinikoBa (I'enueBa), Il. B., Xpucrosa, Il. N. Hsuckeanus rvm
XapakmepucmuKkume u 3auiUmMHUmMe CE0IUCMEa HA nojlegume GOUHU 00/1€K1a HA CMpaHume
unenku nHa HATO, MexnyHaponHa HayyHa koHpepenuusi ,XEMYC 2022 — Hayunm
H3Cc/eBAaHUS U WHOBAIlMM 3a eBpomeiicka curypHoct u oropana“, IlmoBaus. COOpHUK
noxaaam, ISSN 1312 2916, 11 157 — 11 164, 2022.

Abstract: Requirements for field combat equipment used by the armed forces of NATO member states,
with emphasis on its protective function, structure and standardization. The main purpose of combat
equipment is to provide a high level of protection, security and operational effectiveness of military
personnel in different environmental conditions and when performing various combat tasks. In the
process of its development, this equipment has undergone significant changes, due to the changing
requirements for its characteristics and protective properties.

A key role in unifying requirements and increasing compatibility between allied armies is played by
NATO standardization documents, among which STANREC 2333 occupies a leading position. This
recommendation defines the main characteristics, protective properties and testing methods of combat
field clothing used in land operations. With its introduction, it cancels a number of previous
standardization documents (STANAG and ACCP), unifying and updating the requirements in accordance
with modern operational needs. According to STANREC 2333, combat field clothing is considered as an
integrated system consisting of multiple interconnected elements and layers. This multi-layer structure
allows adaptation to different climatic conditions, levels of physical exertion and specific missions. In
addition, the clothing must be compatible with the rest of the individual combat equipment, such as body
armour, helmets and wearable systems, to ensure overall effectiveness during military operations. The
main requirements for field combat clothing include protection from adverse environmental factors -
wind, rain, snow, extreme temperatures and fire, as well as protection from combat threats such as
shrapnel, bullets and mechanical impacts. In addition, hygienic, ergonomic and functional characteristics
are also essential, ensuring comfort, freedom of movement and long-term operation. The materials,
construction and design of individual elements of combat clothing are determined depending on their
purpose, climatic conditions of operation and the requirements set out in NATO standards. Camouflage
systems are also considered as part of this complex, allowing adaptation to different terrains and
operational environments. NATO Standardization Agreements (STANAG) play an important role in
ensuring compatibility between the armed forces of member states by defining common technical and
operational requirements. They are published by the NATO Standardization Office and implemented by
each country in order to achieve effective interaction, logistical compatibility and increased combat
readiness. In conclusion, the implementation of standardized requirements for field combat clothing
contributes to increasing the protection, functionality and operational effectiveness of military personnel,
ensuring compatibility and reliability when conducting joint operations within NATO.

Pestome: M3uckBanusiTa KbM IoJieBaTa OOHHA €KUIMPOBKA, U3IMOJI3BAaHA OT BHOPHKEHUTE CHIIU
Ha cTpaHuTe wieHkd Ha HATO, karo akieHThT € MOCTaBeH BbpPXY HEWHaTa 3aluTHa (QyHKIHS,
CTpyKTypa M crapaaptuszanus. OCHOBHOTO NpelHa3HaueHHe Ha OoifHaTa eKWIUpoBKa € Ja
OCHUT'ypY BHCOKO HUBO Ha 3all[UTa, CATYPHOCT U OllepaTuBHA €()eKTHBHOCT Ha BOEHHOCIY)KELIUTE



B Pa3JIMYHU yCJIOBHSI HA CpeliaTa v NP U3IIBIHCHHUE HA pa3HOOOpa3Hu OoWHU 3amauu. B mporeca
Ha CBOETO Pa3BUTHE Ta3W €KUIUPOBKA € MPEThPIsia 3HAYUTEIHU U3MEHEHHUsI, O0YCIOBEHU OT
MIPOMEHSIIIIUTE CE€ U3UCKBAHUS KbM HEWHUTE XapaKTEPUCTUKHU U 3aIIUTHU CBOICTBA.

KitouoBa ponst 3a yenqHakBsiBaHE Ha M3MCKBaHMSTA M MOBUIIABaHE Ha ChBMECTHUMOCTTA
MEXly CbIO3HUYECKUTE apMUU UTPasT CTaHapTu3aloHHuTe 1oKkyMeHTd Ha HATO, cpen kouro
Bozemio msacto 3aema STANREC 2333. Ta3zu npenopbka onpeiesis OCHOBHUTE XapaKTEPUCTUKH,
3alIUTHA CBOMCTBa M METONM 3a M3IUTBAaHE Ha OOHWHOTO IOJIEBO OOJIEKJIO, M3MOJ3BAHO B
cyxonbTHH omepaii. C BbBEKIAHETO CU TS OTMEHS pelulia MPEAXOAHU CTaHIapPTU3ALMOHHU
nokymeHTH (STANAG u ACCP), xaro oOenHsIBa ¥ aKTyaIn3Upa U3UCKBAHUATA B ChOTBETCTBUE
cbCc chBpeMeHHUuTe oneparuBHU HYXAu. ChrimacHo STANREC 2333, 60oifHOTO 1M0JIeBO 00JICKIIO
ce pa3mieXkaa KaTo UHTErpUpaHa CUCTEMA, ChbCTaBEHA OT MHOXKECTBO B3aUMOCBBP3aHH €JIIEMEHTH
u cioeBe. Tazu MHOrociioiiHa CTpyKTypa IMO3BOJIIBA afanTHpaHe KbM Pa3IU4YHU KIMMAaTUYHU
yCIIOBUs, HUBa Ha (u3mdecko HaroBapBaHe M crnenuduuau muicuu. OCBEH TOBa OOJIEKIOTO
TpsiOBa na ObAe CHBMECTUMO C OCTaHajara WHIUBUAyalHa OOHHA EKUIIUPOBKA, KaTo
OpOHEXHIIETKH, KACKA M HOCHMH CHUCTEMH, 32 J]a C€ TapaHTUPa ISUIOCTHA €()EKTUBHOCT 110 BpeMe
Ha BOeHHHU orepanii. OCHOBHUTE U3UCKBAHUS KbM IOJIEBOTO OOMHO OOJIEKIIO BKIIIOUYBAT 3alllUTa
OT HeONaronpuaTHU (HAKTOPH HA OKOJIHATA Cpella — BATHP, ABXKI, CHAT, EKCTPEMHH TeMIIepaTypu
U OT'bH, KaKTO U 3allUTa OT OOWHU 3aIjlaXy KaTo OCKOJIKHU, KypIIYMH U MEXaHUYHH Bb3JICHCTBUSI.
Hapen ¢ ToBa, OT CchIleCTBEHO 3HAYCHUE CA U XUTUEHHHUTE, EPrOHOMUYHUTE M (DYHKIMOHATHUTE
XapaKTePUCTUKH, KOUTO OCHUTypsiBaT KoM(dopt, cBoOoJa Ha IBUKEHHE U MPOIBIDKUTEIIHA
eKcrutoaTanus. MarepranuTe, KOHCTPYKIUATA U JU3AHHBT HA OTACTHHUTE €JIEMEHTH Ha OOHHOTO
00JIeKJIO ce OmpeAeNsaT B 3aBUCUMOCT OT MPEIHA3HAYEHHWETO MM, KIMMAaTHYHUTE YCIOBHS Ha
eKCIUToaTalMs M M3MCKBaHUsATA, 3ayi0keHn B crannaprute Ha HATO. Kamydumnaxuaure cucremu
CBILIO C€ pa3MIek/JIaT KaTo YacT OT TO3M KOMILJIEKC, KaTO MO3BOJISIBAT alaiTUPaHe KbM Pa3IMuyHU
TepeHu U onepatuBHU cpenu. CrangapruzaumonHure cropasymenuss Ha HATO (STANAG)
UTpasT BaKHA POJIS 32 OCUTYPsiIBaHE HA ChBMECTUMOCT MEKIY BhOPBHKEHUTE CHIIM Ha IbP>KaBUTE
YJICHKH, Karo JeduHUparT OOMIM TEXHUYECKH W ONEepaTUBHHU M3MCKBaHUA. Te ce myOnmKyBar ot
Crnyxb6ara 3a crangaptusanus Ha HATO u ce mpunarar ot Besika AbpikaBa C 1€ IOCTUTaHe Ha
e(EeKTUBHO B3aWMOJICHCTBUE, JIOTHCTUYHA CHBMECTUMOCT W TOBHUIIEHA OOifHa TroToBHOCT. B
3aKJTIOYEHUE, MPUIAraHeT0 Ha CTaHIapTU3UPAHU W3MCKBAaHHUS KbM IOJEBOTO OOWHO O0OJEKIO
JIOTIpMHACS 3a MOBHILIaBaHE Ha 3alIMTaTa, PyHKIMOHAIHOCTTA U ONepaTUBHAaTa €(EKTUBHOCT Ha
BOEHHOCIYXEIIUTE, Karo OCUTYpsiBA CbBMECTUMOCT M HAJIEKIHOCT NpPH NPOBEKIAHE Ha
ChbBMECTHH onepauuu B pamkute Ha HATO.

HensinkoBa (Temuesa), II. B., KocroBa, K. K., Xpmucrosa, II. . HMscnedsane na
6b3IMOICHOCUmME 3Q YCKOPEHO UMUMUDPAHO CmapeeHe Ha Ccpeocmea 3a UHOUGUOYAIHA
oanucmuuna 3auwuma. Mexnynapoagna Haydyna koHgepenuus ,XEMYC 2022 — Hayunu
H3C/IeIBAHNA M MHOBALlMU 3a eBpomeiicka curypHoct um oropana®, Ilnmosaus. COopHUK
noxsaau, ISSN 1312 2916, 11 219 — 11 225, 2022.

Abstract: Ballistic materials, over time and use, lose a large part of their qualities, undergoing gradual
degradation. Aging is a process in which physical, chemical and structural changes occur in the material,
as an effect of the prolonged impact of the environment. The changes occurring in the material during the
aging process are mostly irreversible, leading to degradation and ultimately, destruction and disintegration
of the material. Accelerated aging is a research method that serves to determine the period of use of a
given product and helps to accurately determine the suitability of a ballistic protection device. Testing
materials in the accelerated aging process, as well as the analysis of its results, allow the development of
guidelines and standards that can be applied to the overall assessment of ballistic protection devices. The
method is applied to products that retain their characteristics without noticeable changes for long periods
of time, which can last for years. The study of the aging process of the materials from which the personal
protective equipment is made aims to verify the reliability of protection under prolonged environmental
exposure. The simulated aging process is associated with the accelerated impact of environmental factors
for a short period of time and subsequent testing of the materials. The data collected from simulated aging



and testing are recalculated in order to predict when it is time to replace old bulletproof vests with new
ones. Data from such studies can be used in the process of designing and manufacturing the product for
the SIBZ. Polymers occupy a major share of the SIBZ structure, for this reason their operational
characteristics must be regularly assessed throughout the product's life cycle. In particular, ultraviolet
(UV) radiation changes the chemical structure and therefore affects the mechanical and fatigue properties.
UV radiation changes the chemical structure of the polymer, which leads to a deterioration in the
mechanical and fatigue behaviour of the polymer.

Pestome: banucruunuTe Matepuany ¢ TEYEHHE HAa BPEMETO U ynorpebara, ry0sT rojisiMa 4yacT OT
CBOMTE KauecTBa, KaTo MPETHPIABAT MOCTENEHHO pasrpaxiaaHe. CTapeeHeTo € Mpolec, IpU
KOWTO HAcCTBIBAT (U3NYECKU, XUMUUYHU U CTPYKTYpHU NMPOMEHU B Marepuaia, Kato epekT OT
MPOIBJKUTETHOTO Bb3ICUCTBUE Ha OKOJIHATa cpena. [IpomeHuTe, HaCTHIBAIIM B MaTepHalia 1o
BpEMe Ha Ipolieca Ha CTapeeHe, ca MPeIUMHO HeOOpaTUMHU, BOJICIH 10 pa3rpakJaHe U B KpaiiHa
CMETKa, pa3pyllaBaHE M pa3laJaHe Ha Marepuaa. YCKOPEHOTO CTApECHE € M3CIIEOBATEIICKU
METOJ, KOWTO CIIY>KHU 3a ONpeelisiHe Ha Mepruojia Ha U3MOI3BaHe Ha JaJIeH MPOIYKT U Iomara 3a
TOYHOTO OIpENENIsIHEe Ha TOAHOCTTAa HAa CPEICTBOTO 3a OaJMCTHYHA 3ammrTa. V3nuTBaHWATa Ha
MarepualuTe B Mpolleca Ha YCKOPEHO CTapeeHe, KaKTO U aHalu3a Ha pe3ylITaTHTe OT HEro,
MO3BOJISIBAT Pa3pabOTBAHETO HAa HACOKH M CTaHAAPTH, KOUTO Jla CE€ MpUjaraT KbM ISUIOCTHATa
OIICHKa Ha CpecTBaTa 3a OamuCTHYHA 3amuTa. MeTombsT ce mpuiara 3a MPOAYKTH, KOUTO
3ama3BaT XapaKTePUCTUKUTE CU 0e3 3a0esie)KUTENIHA NMPOMEHH 3a IIBJITH TEPHOAM OT BpeMe,
KOWTO MOXKE J1a POABbJbKaBa ToIuHU. M3cienBaHeTo Ha mpolieca Ha CTapeeHe Ha MaTrepHaluTe,
OT KOUTO ca u3pabOTeHM CpeAcCTBaTa 3a WHAMBHUAyaJlHAa 3allliTa, MMa 3a Led Ja IpoBEpU
HAJESKIHOCTTA Ha 3alllKTa, MPU MPOIBIDKUTEIHOTO Bb3/ICHCTBUE Ha OKOJIHATa cpeaa. IlponechT
Ha UMHTHUPAHO CTapECHE € CBbP3aH C YCKOPEHO BB3CHCTBUE Ha (PaKTOPUTE HA OKOJHA cpea 3a
KparbK NEpUOJl OT BpeME M TOCIEABAI0 M3MUTBaHe Ha Mmarepuanute. ChOpaHUTE TaHHU OT
MMUTHPAHO CTApeeHE W M3IUTBaHE, OMBAT IMPEU3UUCICHH C IIeJl Ja C€ NPOTrHO3upa, Kora €
MOMEHTa Ha TMOAMSHA Ha CcTapure OpOHEXKWIETKH ¢ HOBH. JlaHHUTE OT MOmOOEH poj
U3CJIe/IBaHUs, MOTaT Jia MOCIyXaT B Ipolieca Ha NPOEKTUpaHe U M3pabOTBaHE HAa IMPOJAYKTa 3a
CUB3. OcHoBeH nsn ot crpykrypara Ha CHUB3 3aemar monumepurte, mopaad Ta3ud NpUYUHA
TpsIOBa J1a OBJAT PETYISIPHO OLICHSIBAHUA TEXHUTE €KCIUIOATAIIMOHHYU XapaKTEPUCTHKHU TIPe3 TSNS
JKU3HEH IMKBI Ha mponaykTa. [lo-cmenumanHo, yntpasuosieroBute (UV) abueHUs MPOMEHAT
XUMHYECKaTa CTPYKTypa W CIIEIOBATEIIHO BIMSAT Ha MEXaHUYHUTE CBOMCTBA M CBOMCTBara Ha
ymopa. UV o0mp4yBaHETO TPOMEHs XMMHYHATa CTPYKTypa Ha TMOJMMEpa, KOEeTO BOIH 10
BJIOIIIAaBaHE HA MEXAaHUYHOTO TMOBEICHUE U TTOBEJACHUETO Ha MOJIMMEpa MIPU yMOpa.

KoseBa, T., HopnanoBa, B., KocroBa, Kp., AngonoBa, CH. Buedpsaeane Hna 6xo0auy
Kayecmeen KOHmpon Ha niaamogeme 6 ycioeuama na Cucmemama Ha ynpasenenue Ha
kauecmeomo no 1SO 9001, Cnucanue ,,TekcTia u 06Jaexa0%, op. 1, 1-32, 2022.

Abstract: Incoming control of fabrics is carried out upon receipt within three production cycles. In the
most general case, this is the cycle in which the finished fabric enters the garment production. In the
second cycle, the raw fabric enters the finishing department and, after processing, is sent to the garment
shop. At the beginning of the third cycle, the raw fabric enters the dyeing department, then after dyeing it
is directed to finishing operations and finally to the garment production. In all three cases, it is necessary
to apply observations, measurements and tests, which are for the most part the same and are regulated in
detail in the relevant industry standards. Greater diversity is observed in the types of fabrics. According to
their basic structure, fabrics can be woven (plain) or knitted, which leads to significant differences in the
testing methods. The composition of the fibers — wool, cotton and artificial fibers — also requires a
different approach to assessing compliance with quality requirements. Each production cycle is
characterized by a logical sequence of sampling (S), laboratory tests (T) and quality assessment.
Evaluation (E). Depending on the variant and the specifics of the cycle, the samples may be
representative of the entire batch of fabric, represent sections from the beginning of each roll or include



observations along the entire length of the material. In addition, laboratory tests may include
measurement of geometric parameters and surface mass, physico-mechanical tests, as well as visual
inspection along the entire length of the fabric. Therefore, the production cycles are interconnected in a
spiral structure, and the tests are expanded to increasingly in-depth analysis. This is a working procedure
for implementing incoming quality control of fabrics in organizations with implemented quality
management systems (QMS) according to ISO 9001. The aim is to distinguish the individual elements of
the procedure and ensure effective quality management.

Pestome: BxoasiimusT KOHTPOJ HA ThKAaHUTE CE€ U3BBPILBA MPU TAXHOTO IMOJyYaBaHE B PAMKHUTE
Ha TPHU MPOU3BOACTBEHU IMKBJIA. B Hali-oOuus ciydail ToBa € HUKBIBT, IPU KOMTO rorosara
THKaH MOCTHIIBA B IIMBAIIKOTO MPOU3BOACTBO. BB BTOpHS LIMKBJI CypoBaTa ThKaH MOCTHIIBA B
OTJEN 32 JMOBBPIIUTEIHHU OINEpaluu U cjiel oO0paboTka ce u3lpaila KbM MIMBAIIKHs 1ex. B
HAYaJloTO Ha TPETUs IUKBJI CypoBara ThKaH IMOCTHIIBA B OarpwieH IeX, cjel KOETO Ciel
OosiucBaHe ce HacouBa KbM JIOBBPIIUTENIHM ONEpalud U Hakpas KbM HIMBAIIKOTO
MPOU3BOACTBO. M B TpuTe ciiydass € HEoOOXOIMMO MpuiaraHe Ha HAONIOAEHUS, U3MEPBAHUS U
U3NUTBAaHUS, KOUTO B IMO-TOJsIMAaTa CH YacT ca €JAHAKBU M TMOAPOOHO perjiaMeHTUpaHu B
CbOTBETHUTE OTpacioBu cranjaptu. [lo-romsiMo pasHooOpasue ce HabmonaBa MpU BUAOBETE
ThkaHu. Criopes; OCHOBHATa UM CTPYKTYypa, ThKaHUTE MOTraT Ja ObJaT ThKaHU (TUIATHEHU) WU
MJIETEHU, KOETO BOAU JO ChHINECTBEHU pa3IMuvs B MeToauTe 3a u3nuTBaHe. ChCTaBbT Ha
BJIAKHATA — BBJIHA, TAMYK W W3KYCTBEHU BJIaKHA — CHIO Hallara pa3inyeH MOAXO/ NP OLIEHKATa
Ha CBOTBETCTBHETO C U3MCKBAaHMSATA 3a Ka4eCTBO. BCEKHM TMPOM3BOACTBEH IHKBI C€
XapakTepu3upa C JIOTUYECKa IIOCIEN0BATeIHOCT OT B3eMaHe Ha mpobu (S), maboparopHu
m3nuTBanusi (T) m omenka Ha kadectBOoTO. Orensisane (E). B 3aBucumocT oT BapuanTta u
cnenudukara Ha IIUKbIA, TPoOUTE MOrar na ObJaT MPEACTaBUTEIHH 3a Lisfjara mapTuja ThKaH,
Jla TIPEJCTaBISABAT YYAaCTHIM OT HAYaJIOTO HA BCSKA POJIKA WIIM J1a BKJIFOYBAT HAOIIONEHHS IO
1sIara IbbKMHA Ha Marepuana. OcBeH ToBa JabOpaTOpHUTE M3MUTBAHUS MOrar Jia oOXBamiar
W3MEpBaHE Ha TEOMETPUYHH I[apaMeTpd U MOBBPXHOCTHA Maca, (U3HKO-MEXaHUIHU
U3MUTBAaHUS, KAaKTO W BU3yaJeH KOHTPOJ IO IisylaTa ObhJDKMHA Ha ThKaHTa. [lopagum ToBa
MIPOU3BOJICTBEHUTE IIMKJIM Ca B3aUMOCBBP3AaHH B CIIHPATIOBUHA CTPYKTYpa, a U3MUTBAHUATA CE
pa3mmpsBaT KbM BCE T0-3a1bJ00OYeH aHanmu3. ToBa € eaHa  paboTHa mpoienypa 3a
OCBIIECTBSABAHE HA BXOJSAII KOHTPOJ HAa Ka4eCTBOTO HA THKAHM B OPraHU3allMM C BHEAPEHU
cuctemu 3a ympasineHue Ha kadecTBoTo (CYK) cwrrmacuo ISO 9001. IlenTa e na ce pasrpanuuar
OTJEJIHUTE €JIEMEHTH Ha MpOoLieJypara U /1a ce OCUrypu €(eKTUBHO YIIpaBJIEHHUE Ha Ka4eCTBOTO.

Desislav P. Berov, Krasa K. Kostova, Petia V. Gencheva, The part of laboratory tests of
innovation projects related to equipment of military units, xxiii national textile conference
2023 “Traditions and Innovations in Textile and Clothing”, October 2 - 4th, Sofia,
Bulgaria, Textile & Garment Journal, ISSN 1310-912X, p. 21-25, 2023.

Abstract: The policy of modernization of the armed forces of NATO member states finds its practical
application through clearly defined and comprehensive national and international projects. The quality of
the delivered defense products and systems significantly determines the operational capabilities of the
armed forces. Acquisition projects are closely related to this policy and are a key tool for realizing the
goals of modernization and efficiency. It is essential that the quality of defense products guarantees not
only the high level of operational readiness of military formations, but also the individual protection and
security of military personnel. In this context, the role of strict quality control and compliance with
standards as the basis for the reliability and effectiveness of military equipment and technology is
emphasized. In the conditions of a complex global market, consumer confidence in the quality of products
and services is built through the consistent application of high standards, precise measurements and tests,
consistent with established good practices. In this context, accreditation is established as a key tool for
supporting decision-making, risk management, limiting non-conforming products and creating a
sustainable framework for innovation. The analysis shows that the organization, management and overall
provision of defense product testing processes are essential for the successful implementation of projects



aimed at meeting the needs of the Ministry of Defense. This includes ensuring compliance of products
with the set goals and requirements both at the development stage and during their delivery and operation
throughout the entire life cycle. The accreditation of laboratories according to BDS EN ISO/IEC
17025:2018 — General requirements for the competence of testing and calibration laboratories that control
quality is vital for the proper functioning of a transparent, quality-oriented market. The certificate issued
to the testing laboratory is a recognition of its competence. It is a document that generates trust. An
essential factor for the success of acquisition projects is the comprehensive and effective implementation
of the NATO quality policy, which considers quality management as a continuous process covering all
stages of the life cycle of defense products and systems. Its implementation places high demands on the
defense industry, related to planning, management, assurance and continuous improvement of the quality
of both products and the processes of their design, development, production and management of the
relevant projects

Pestome: Tlonutukara 3a MojepHU3alMs HA BbOPBKEHUTE CUIM Ha cTpaHuTe uiaeHku Ha HATO
HaMmMpa CBOETO MPAKTUYECKO NMPUIIOKEHHUE Upe3 SICHO e(UHUPAHU U BCEOOXBAaTHU HAllMOHAIHU
U MEXJIyHapOIHHU MpOoeKTH. KauecTBOTO Ha TOCTaBIHUTE OTOPAHUTETHH MPOIYKTH U CUCTEMH B
3HAUUTENIHA CTEIEH OIpeZeNis OlepaTUBHUTE CIIOCOOHOCTH HAa BhOpBKeHHUTE cwid. [Ipoexture
3a IpuUI00MBaHE Cca TSCHO CBbP3aHU C Ta3M NOJUTHKA U MPEACTABISABAT KJIIOYOB MHCTPYMEHT 3a
peanu3upaHe Ha LEIUTe 3a MojepHu3auus M e(eKTHBHOCT. OT CBHIIECTBEHO 3HAYCHHE €
Kaue€CTBOTO Ha OTOPaHUTEIIHUTE IPOAYKTH J1a FapaHTUPa HE CaMO BUCOKOTO HHMBO Ha OIIEpAaTUBHA
TOTOBHOCT Ha BOCHHUTE (OPMHPOBAHUSA, HO W HMHIUBHUAYyaJHATa 3allluTa U CUTYPHOCT Ha
BOCHHOCITYXEIIUTE. B TO31 KOHTEKCT ce mouepTaBa poJiATa Ha CTPOrusl KOHTPOJI Ha KaueCTBOTO
U CBOTBETCTBHETO CbhC CTAHIAPTUTE KAaro OCHOBA 3a HAJEXKIHOCTTa M e(QEeKTUBHOCTTa Ha
BOCHHAaTa TEXHHWKAa W oOopyaBaHe. B ycioBusATra Ha ciiokeH MIoOajeH masap JOBEPUETO Ha
HOTPEOUTENUTE B KaUeCTBOTO Ha MPOAYKTUTE M YCIYTUTE C€ U3Tpa)kAa upe3 IMOCIIEeA0BaTEIHO
IpUjaraHe Ha BHUCOKHM CTaHJAapTH, MPELU3HU H3MEPBAHHUA W U3IUTBaHUS, ChOOpa3eHU C
YIBbPJCHUTE AOOpPU MPAKTUKU. B TO3M KOHTEKCT akpenuTalnuara ce YTBbpKJaBa KaTro KIIHOYOB
MHCTPYMEHT 32 IOJIIOMaraHe Ha B3€MaHETO Ha pEIleHus, YIIPaBJICHUE Ha PUCKA, OTpaHUYaBaHe
Ha HECHOTBETCTBAIIMTE MPOJAYKTH U Ch3/1aBaHE HAa YCTONYMBA PaMKa 32 HHOBAILIUH.

AHanu3bT MOKa3Ba, Y€ OpraHU3alMsTa, YIPaBIEHUETO U LSAJIOCTHOTO OCHUIypsIBaHE Ha
OpollecuTe MO M3MMTBAaHE HAa OTOPAHUTENHM NPOIYKTH HMAaT ChIIECTBEHO 3HA4YeHUE 32
YCIEIIHOTO pealn3upaHe Ha MPOEKTH, HACOUEHU KbM Y/IOBJIETBOpSBaHE Ha MOTPEOHOCTUTE Ha
MunucTepcTBOTO Ha 0TOpaHara. ToBa BKIIIOUBA rapaHTHpaHe Ha ChOTBETCTBHUE HA MPOIYKTUTE C
MOCTaBEHUTE 1I€JIM U M3MCKBaHUS KAaKTO Ha eTana Ha pa3paboTBaHe, Taka W MpH JOCTaBKara u
eKCIIoaTalMATa UM Mpe3 LeNus )KU3HEH LUKbI. AKpeauranusaTta Ha gadoparopuute no bJIC EN
ISO/IEC 17025:2018 — OOmM M3WCKBaHUS OTHOCHO KOMITETCHTHOCTTA Ha JIAOOpaTOpPHHTE 3a
U3MUTBaHE U KaauOpupaHe, KOUTO KOHTPOJIMPAT KAYeCTBOTO € KM3HEHO Ba)KHA 3a MPaBHIHOTO
JefiCTBME Ha Npo3payeH Mas3ap, OPUEHTHpPAaH KbM KadecTBOTO. ATecTaTbT, H3JaJeH Ha
U3MUTBATENIHATa JIAbOpaTopHsi € MpU3HAHUE 3a HeWHaTa KOMIETEHTHOCT. Toll € JOKYyMEHT,
nopaxnan jaoBepue. CobliecTBeH (aKTop 3a ycmexa Ha MPOEKTUTEe MO MNpUIOOUBaHE €
IUIOCTHOTO M €()eKTUBHO NpUiiaraHe Ha MojJuTHKaTa 1o kadectBo Ha HATO, kosro pasmiexna
YIPaBICHUETO Ha Kaue€CTBOTO KAaTO HENPEeKbCHAT Ipollec, OOXBallal] BCUYKU €Talu OT
KHU3HEHUS LUKBJI Ha OTOpAaHUTEIHUTE NPOAYKTH M cucTeMd. HelfHoTo mpuiaraHe mocTaBst
BHUCOKM W3UCKBAaHUS KbM OTOpaHUTENIHATa WHIYCTPHs, CBbp3aHHU C IUIAHUpaHE, YIpaBlICHUE,
OCHUTYpsIBAHE M HEMPEKbCHATO MOJOOpsSBaHE HAa KAaYeCTBOTO KaKTO Ha MPOAYKTUTE, Taka M Ha
MpOLECUTe MO TIXHOTO TPOEKTUpaHe, pa3paboTBaHe, MNPOU3BOJACTBO U YIpaBJIE€HUE Ha
CBHOTBETHUTE MPOEKTH.

LBeranka XpucroBa, Kpaca KocroBa, [lecuciaB bepoB, Memoou npu kauecmeen konmpon
3a usnumeane Ha MeKCMUIHU MHKAHU, NPEOHA3ZHAYEHU 34 U3PA0OmMEaHe HA 60EHHU NoJl1e6uU
oonexna, Hayuyna koH(epeHnusi ,,3HaHHMe, HAyKa, TEXHOJIOrMM, HHOBauuu*, Beimnko
ToupHoBo, CoopHuk aoxkmaau, ISBN 2815-3472-(Print) ISBN 2815-3480 (CD), 587-595,
2023.



Abstract: The main methods for quality control in testing textile fabrics intended for the production of
military field clothing for the Bulgarian Army. Quality control is an essential element in the textile and
garment industry, which guarantees compliance of the final product with the requirements of the
contracting authority, as well as with the current regulatory documents and standards. Military field
clothing is a key component of the equipment of military personnel, as its main purpose is to provide
protection of life and health under various operating conditions. It must combine high durability,
functionality, comfort and protective properties, meeting the specific requirements of the operational
environment. The quality assessment of these products is a complex process, including inspections,
measurements, tests and audits of both the production process and the quality management systems. In
this regard, the main standardized methods for testing textile fabrics are reviewed, including BDS EN
12127, BDS EN 1SO 13934-1, BDS EN ISO 13937-2, BDS EN ISO 13937-4 and BDS EN ISO 105-A01.
The application of these methods provides a reliable and objective assessment of the physical-mechanical
and operational characteristics of textile materials and is an essential part of ensuring the quality and
durability of military field clothing.

Pestome: OCHOBHHTE METOIM 32 KOHTPOJI HA KaueCTBOTO MPHU M3MUTBAHE HA TCKCTHIIHU THKAHU,
IpeaHa3HauYeHU 3a u3paboTBaHEe Ha BOCHHH IOJIEBU 00JieKka 3a bhirapckara apmust. KOHTpobT
Ha KaueCTBOTO € CBHINECTBCH €JICMCHT B TEKCTWJIHATA W IIMBAIIKATa POMHIIJICHOCT, KOWTO
rapaHTdpa ChbOTBETCTBHE Ha KpaHHUS IMPOAYKT C HM3MCKBAHHUATA HA BB3JIOKHUTENSA, KAKTO U C
JeHCTBAIIUTE HOPMATUBHU JOKYMEHTH M CTaHAApTH. BOCHHOTO MOJIEBO OOJIEKIIO € KIII0YOB
KOMIIOHEHT OT CKHITUPOBKATa Ha BOCHHOCITY)KEIIUTE, KATO HETOBOTO OCHOBHO INPEIHA3HAYCHUE €
Jla OCHTYpsIBa 3alllUTa HA JXUBOTA M 3PABETO NPHU PA3TMYHU YCIOBHUS Ha eKcruioaramus. To
TpsiOBa Ja chueTaBa BUCOKA M3IPHKIMBOCT, (PYHKIIMOHAIHOCT, KOM(POPT U 3alUTHU CBOWCTBA,
OTrOBapsIIM Ha CIEMUUIHUTE W3UCKBAHUS Ha ornepatuBHaTa cpema. OIeHKara Ha KaueCTBOTO
HA TE3W H3JCIUsA MPEACTaBIsBa KOMILICKCEH IIPOIEC, BKJIFOYBAI IIPOBEPKH, H3MEpBaHUS,
W3MHATBAHUS M OJIUTH KaKTO Ha IMPOM3BOJCTBEHHMSI MPOIIEC, TaKa M HA CUCTEMHTE 32 yIPABJICHUE
Ha Ka4eCTBOTO. B Ta3u Bpb3Ka ca pas3rieaHd OCHOBHU CTAHJIAPTU3MPAHU METOIM 33 M3ITUTBAHE
Ha TeKCcTWiaHU ThKauu, BKaouuTeaHo BJIC EN 12127, BJIC EN ISO 13934-1, BJIC EN ISO
13937-2, BAAC EN ISO 13937-4 u BJIC EN ISO 105-A01. Ilpunaranero Ha Te3u METOAH
OCHUTYpsIBa HAJCKIHA W OOCKTHBHA OIICHKA HAa (DM3MKO-MEXaHUYHHTE M EKCILIOATAIMOHHHUTE
XapaKTePUCTUKN Ha TEKCTUJIIHHTE MaTepuald U € ChIIECTBEHAa 4YacT OT TrapaHTUPAHETO Ha
Ka4eCTBOTO U IBJITOTPANHOCTTA HA BOGHHOTO TIOJIEBO OOJICKIIO.

Beranka Xpucrosa, [lecuciap bepos, Kpaca Kocroa, Ilers HemsiikoBa (I'enueBa),
bponesxrcunemku — npunyunu na Oelicmeue u HeOOCMAMbBUU NPU E€KCHAOAMAUUAMA UM —
0030p, Haumonajana HayyHa koHdepenuusi ¢ mexaynapoano yyacrue ,,CUI'YPHOCT nun
OTBPAHA*, 21.04.2023 r., Co¢usi, ISBN 978-619-185-593-3, p. 157 -165.

Abstract: The role, structure and principle of operation of body armour in the context of modern military
and law enforcement operations are examined. At the beginning, it is emphasized that modern military
missions take place in a highly complex environment in which various legal and social restrictions
operate. Regardless of whether it is about armed conflicts, anti-terrorist operations, peacekeeping or law
enforcement, the main priority is the protection of the life and health of military personnel, as this directly
affects the success of the mission. Body armour is presented as the main means of protecting the torso
from bullets, shrapnel and edged weapons. They work through a combination of materials and design
solutions that not only stop the penetration of dangerous objects, but also dissipate the kinetic energy of
the impact, thereby reducing trauma to the body. Attention is also paid to the principle of multi-layered
protection, in which the impact energy is gradually absorbed by each subsequent layer in the ballistic
panel. An illustration is also included that visualizes this energy absorption mechanism. Ballistic
protection standards are further examined, with the main emphasis placed on the N1J-0101.06 standard,



developed by the US National Institute of Justice. It defines five levels of protection (I, HA, 1, IHIA, 1l
and V), with the lower levels intended for soft armour, and the higher ones for hard armour capable of
stopping more powerful ammunition, including those from rifles. For each level, typical threats are listed
— different types of pistol and rifle bullets, including armour-piercing ones. Then, the construction of soft
body armour is examined. They are made of multiple layers of special ballistic-resistant materials, and
their effectiveness depends on both the number of layers and their arrangement. These vests are intended
for everyday wear and can be hidden under clothing or worn over it. When hidden, they are defined as
“concealed armour”. The physical principle of operation of soft armour is explained. When hit, the bullet
does not pass directly through the material, but is “caught” in a network of strong fibers. This leads to its
deformation and a significant reduction in its penetration ability, thus protecting the human body. Modern
military operations are carried out in an extremely complex environment in which there are various legal
and social norms. Regardless of whether a military force is engaged in conventional armed conflict,
counterinsurgency, counterterrorism, peacekeeping, stability operations, or law enforcement, ensuring the
lives and health of service members is crucial to the success of the mission.

Personal armour is one of the most important pieces of protective equipment used by military and law
enforcement forces. Body armour is designed to protect the human torso from bullets, shrapnel, and/or
edged weapons by preventing the penetration of sharp objects and dissipating the energy of high-velocity
impats.

Pestome: Pasrmexna ce ponsra, yCTpOHCTBOTO U MPUHIIMIA HA JASHCTBHE HA OPOHEKHIETKUTE B
KOHTEKCTa HAa CBBPEMEHHUTE BOEHHM U IPABOOXPAHUTENIHUW omepauuud. B Hadamoro ce
noJuepTaBa, Y€ ChBPEMEHHHTE BOCHHM MHUCHUU IMPOTHUYAT B CHUIIHO CIIOKHA Cpelda, B KOSTO
JeificTBaT pa3IM4yHM IpPaBHU M COLMAJIHM orpaHumdyeHus. HeszaBucumo nanm craBa Jyma 3a
BbOPHKEHU KOH(IMKTH, AaHTHUTEPOPUCTHUYHU OlEpaluy, NOAAbPKAaHE Ha MHp WU
[paBoOIlpHJIaraHe, OCHOBEH IPUOPUTET € 3alllTara Ha JKMBOTA M  3/paBeTO Ha
BOCHHOCTYXEIINUTE, Thil KaTO TOBa MPSKO BIUsE BbPXY yclexa Ha MUcHATa. bpoHexxuneTkuTe ca
IIPEICTaBEHN KaTo OCHOBHO CPEJCTBO 3a 3alllMTa Ha TOpCa OT KypPLIYMH, OCKOJKHU U XJIaJHHU
opbxus. Te neficTBar upe3 KOMOMHAIIMA OT MaTepuaid M KOHCTPYKTUBHH PEUICHHS, KOUTO HE
caMO CIupar IPOHUKBAHETO HA ONACHU MPEAMETH, HO U pa3celBar KMHETUYHATA €HEpPIusl OT
yAapa, Karo Mo TO3W HauWH HamallgBaT TpaBMara BbpXy TsuioTo. OOpblla ce BHUMaHHE U Ha
IPUHIIMIIA Ha MHOTOCJIOIHATa 3allliTa, IPU KONTO €HeprusiTa Ha ynapa ce oema IoCTEeNeHHO OT
BCEKHU CJe/Balll CI0H B OaJMCTHYHUS NaHed. BriroueHa € M MITIOCTpaiys, KOsITO BU3yalu3upa
TO3U MEXaHU3bM Ha abcopOupaHe Ha eHeprusrta. [lo-Hararbk ce pas3miexaarT CTaHIapTUTE 3a
OamucTUYHA 3alUTa, Karo OCHOBEH akKIeHT € IocTaBeH BbpXy craHgapta NIJ-0101.06,
paspadoten ot Hanmonanaust uactutyt no npaBocbaue Ha CAILl. Toit nepunupa ner HuBa Ha
sammuta (I, IIA, II, TITA, II u IV), karo mo-HUCKUTE HUBA ca MpEeIHA3HAYCHH 32 MEKHU OpOHH, a
MO-BUCOKUTE — 32 TBBPAU OpOHU, CIOCOOHHM J1a CIIMPAT MO-MOIIHUA OOEMpHUIacH, BKIIOUUTEITHO
TaKuBa OT IYIIKMA. 32 BCSKO HUBO Ca MOCOYEHU THUMUYHHUTE 3aIJIaXM — pa3JIMYHU BHUOBE
MUCTOJIETHU M MYIIEYHU KypUIYMH, BKJIIOUHUTENIHO M OpoHeOoitHu. Cnen ToBa ce pasmiexnia
KOHCTPYKIMATAa HA MEKUTEe OpOHEXMIIETKH. Te ca M3rpajieHd OT MHOXKECTBO CJIOEBE CIIELUAIHU
0aJINCTUYHO YCTOMYMBH MaTepuaiu, Karo e(EeKTHUBHOCTTa MM 3aBHUCH KAaKTO OT Opos Ha
CJIOEBeTe, Taka M OT TAXHOTO NOoApexAaHe. Te3u >KWIETKH ca MPEIHAa3HAYEHU 3a €KEAHEBHO
HOCEHE M Morar Jia ObJar KakTo CKPUTH IoJ] 00JIEKI0TO, Taka U HOCEHU BbpXy Hero. Korato ca
CKpPHUTH, T€ C€ OIpEeNeNaT Karo ,.CkpuBaeMa OpoHs“. OOsCHEH € (PU3UYECKUAT MPHUHLUI Ha
neiictBue Ha Mekara OpoHsa. I[lpu monaseHue KypIIyMbT HE TNpeMUHaBa IJUPEKTHO IIpe3
Mmarepuania, a ce ,,ylnaBi"“ B Mpexka OT 3/JpaBd BilakHa. ToBa BOAM J0 HETrOBOTO JAedopMHUpaHE U
3HAYUTETHO HamallsiBaHE Ha Heropara MpoOMBHA CIIOCOOHOCT, KaTo MO TO3HM HAauWH CE 3alluTaBa
4qoBeHIKOTO Ts10. [IpoBeknaHETO HAa CBHBPEMEHHHUTE BOCHHM OIEpalMM CE OCHIIECTBABA B
U3KIIIOYUTENTHO CIIOKHA Cpela, B KOATO Ca HalMIE PA3IM4YHU TMPABHU U COLMAIHU HOPMHU.
HesaBucumo or ToBa Janu najeHa BOEHHA CUJIA € aHTaKMpaHa B KOHBEHIMOHAJIEH BHOPBIKEH
KOHIHMKT, 60pba ¢ OyHTOBHHUIIM, OOpOa C Tepopu3Mma, MOAbpPKAHE HA MHUpPA, ONMEpAIH 3a



CTaOMJIIHOCT WJIM TPaBONpPWJIATaHE€ , OCHUTYpPSBAaHETO HA JKMBOTHT W  3/paBeTO Ha
BOCHHOCIYXXCILUTE € OT KIKUOBO 3HAYECHHE 32 YCIEXbT Ha I0CTaBEHATa 3a/1a4a.

JInunara OpoHsATa € eqHa OT HAal-BaKHUTE YaCTH HA 3aIIUTHOTO 00OpyABaHE, U3MOI3BAHO
OT BOCHHUTE W NPABONPWIIATAILNATE CUIM. BpOHEKUIETKUTE ca MpEeIHAa3HAaYCHN 3a OIla3BaHE Ha
YOBEIIKUA TOPC OT KypUIYMH, OCKOJKH W/WIM XJAJHU OPBXKHUSA, Karo MpPeJoTBpaTSIBAT
IIPOHUKBAHETO HA OCTPU IIPEAMETH U pa3ceiBaT EHEPrusaTa OT yIapu C BUCOKA CKOPOCT.

Beranka Xpucrosa, Kpaca KocroBa, [lecucnas bepoB, Bw3moxcnocmu 3a usnonzeane
nONUEMUNEeH08U 611AKHA CbC C8PDBXBUCOKO MOJIEKYTHO Me20, U3eneueHu om cpeocmeama 3a
UHOUBUOYANIHA 3AU{UMHA  eKUNUPO8KA HAa 6OUHUKA, c1ed peyukaupane, Hayuna
KOH(epeHUs1 ,,3JHAHME, HAYKA, TeXHOJIOrMH, WHoBanuu®“, Benuxko TnpHoBo, COOpHMK
nokyanu, ISBN 2815-3472-(Print) ISBN 2815-3480 (CD), 684-690, 2024

Abstract: The possibilities for using ultra-high molecular weight polyethylene fibres (UHMWPE),
extracted from the means of individual protective equipment of the soldier, after recycling, are examined.
These fibres are characterized by extremely high strength, viscoelastic properties and the ability to
withstand high loading rates. In addition, they are lightweight, resistant to chemicals, water and UV
radiation, have good vibration insulation properties, resistance to bending fatigue and low internal
friction, as well as a low dielectric constant.

Despite their advantages, UHMWPE materials pose serious environmental challenges related to their
production and waste treatment. Their production requires significant energy and resource costs, which
leads to greenhouse gas emissions. Recycling these fibres is technically complex due to their high
strength and resistance to heat and chemicals, and recovering pure material for reuse is an energy-
intensive process. Two main approaches to recycling UHMWPE have been considered - mechanical and
chemical. Mechanical recycling involves crushing and processing the fibres into new materials, while
chemical recycling uses solvents to degrade.

Pesrome: Pasmienanu ca BB3MOXKHOCTUTE 3a M3IIOJI3BAHE HA IIOJUMETHICHOBH BIIAKHA CBC
cBpbxBUCcOKO MonekyaHo Terio (UHMWPE), wusBneueHn oOT cpeicTBa 3a HHAWBHyadHA
3allUTHA EKUNHMPOBKA HA BOMHUKA, cle[ pEeUUKIMpaHe. Te3u BIakHAa ce XapaKTepus3upar ¢
U3KIIIOUUTEITHO BUCOKA SIKOCT, BUCKO3HO-EIACTUYHU CBOMCTBA M CHOCOOHOCT Ja M3IbpiKaT Ha
BHCOKH CKOPOCTH Ha HatoBapBaHe. OCBEH TOBa Te ca JIEKH, YCTOMYMBM Ha XMMHKaJIM, BOJAa U
YITPaBUOJIETOBO M3JIbUBaHE, MpHUTEXaBaT J0OpH XapaKTEepUCTUKM Ha BHOpOHM30JalUs,
YCTOWYMBOCT Ha YMOpA IIPU Or'bBAaHE M HUCKO BBTPEIIHO TPUEHE, KAKTO U HUCKA JUEIEKTPUYHA
KOHCTaHTa. Bwrnpexku csoute npenumcrsa, UHMWPE wMarepuamure noctaBaT CepuO3HU
€KOJIOTMYHH TPEINU3BUKATEIICTBA, CBBP3aHU C TAXHOTO IIPOM3BOJACTBO M TPETHPAHE KaTO
ornaabk. IIpou3BOACTBOTO MM HM3MCKBAa 3HAUUTEIIHU CHEPrHUMHM U PECYPCHH Pa3Xoiu, KOETO
BOJIA 1O EMHCHM HA MAPHUKOBU ra3oBe. PEHMKIMPAaHETO HA TE€3U BIAKHA € TEXHUYECKH CIIOKHO
[IOpaJY TAXHATa BUCOKA 3paBUHA U YCTOMYMBOCT HA TOIUIMHA U XMMHKAJIH, 4 Bb3CTAHOBABAHETO
Ha YMCT MaTepuaj 3a MOBTOpPHa ynoTpeda € eHeproeMbk mpoiuec. Pasmienanu ca aBa OCHOBHU
noxnxoza 3a perukiupane Ha UHMWPE — MexanndeHn u xumMudeH. MeXaHUYHOTO peLUKINpaHe
BKJIIOYBA pa3Apo0siBaHe M IMpepabOTBaHE HA BJIAKHATAa B HOBU MaTepHalid, JOKAaTO XMMHYHOTO
peLUKIIpaHe U3M0I3Ba Pa3TBOPUTENH 3a pasrpaxkJaHe Ha IOJUMepa 10 MOHOMEPH WM APYrd
MOJIE3HU ChEIMHEHUS, KOUTO Morar Ja Ob/1aT U3MO0I3BaHU 32 CHHTE3 HAa HOBU BJIaKHA.

PenuknupanuTe Marepraiym MOraT Ja HaMepsaT NPUIOKEHHE B PA3IMYHU HEOAIUCTHUHU
MPOAYKTH, KATO TEKCTHJIHU W3IENHs, HACTUJIKH, 3allUTHU €JIIEMEHTH W KOMIIOHEHTH 3a
Bb300OHOBSEMHU €HepruiiHu cucremu. B 3akmrouenue, perukiaupanero Ha UHMWPE Bnakna
MIPEACTABIISIBA NEPCIEKTUBEH MOAXOA 3a HaMalsiBaHE Ha EKOJIOTMYHOTO BB3ACHCTBUE U
HOANOMaraHe Ha KpbroBara MKOHOMHKA, KaTo OBACLIOTO Pa3BUTHE HA TEXHOJIOTUHUTE IIEe UIpae
KJIFOUOBA POJIs 3a MOBUIIaBaHE HAa €()EKTUBHOCTTA U MPHIOKUMOCTTA Ha TE€3U MPOLIECH.
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Abstract: The essence of quality management is presented in detail as a systematic and continuous
process that is applied throughout the entire life cycle of the product - from its creation to operation and
control. Its main goal is effective management and continuous improvement of processes so that the final
product meets all requirements and standards. Quality management includes a wide range of activities:
quality planning, process analysis and review, internal and external audits, measurement and monitoring
of results, verification and validation of activities, as well as the implementation of corrective and
preventive measures in case of identified non-conformities. These activities are carried out on the basis of
contractual requirements and international standards, including AQAP (Allied Quality Assurance
Publications), which are particularly important in the field of the defense industry.

It is emphasized that the principles of quality management apply not only to the final product, but also to
all processes involved in its creation and maintenance. This means that quality is the result of a well-
organized system, and not only from the control of the finished product. To achieve this, organizations
must build, document, maintain and continuously improve effective quality management systems that
ensure reliability and efficiency. The quality management system is a structured part of the overall
management of the organization, which defines the quality policy, sets measurable objectives and
provides mechanisms for their achievement. The text states that Annex C of AQAP 2000 includes widely
used methods for assessment and improvement, which are based on the principles of ISO 9001. These
principles include customer (or user) orientation, strong leadership, active staff involvement, a process
approach to activities, systematic process management and continuous improvement.

Of particular importance is the ability of an organization to prove that it can consistently produce
products that meet the specified requirements and regulatory standards. This is achieved through a
complex of organizational processes, management, control and, above all, through testing. Testing plays a
key role in quality management, as they verify the characteristics and properties of products both at the
development stage and during their delivery and commissioning. In the field of defense products, this is
especially important, because high reliability, safety and compliance with military standards are required.

At the Defense Institute, these activities are carried out by specialized testing and measurement
laboratories, with the Central Testing Laboratory for Rear Assets (CTL for TI) playing a key role. It is
accredited by the Bulgarian Academy of Sciences in accordance with the international standard BDS EN
ISO/IEC 17025:2018, which guarantees competence, reliability and accuracy of test methods. CTL for Tl
has a management system that is built, maintained and continuously improved in order to provide
objective and traceable results. Its main function is to perform tests of defense products in order to assess
their compliance with the requirements of the Ministry of Defense and related structures. Particular
emphasis is placed on the principles of transparency, traceability, objectivity and reliability of the results.
This means that each stage of the test is clearly documented and can be verified, which guarantees the
reliability of the final assessment and confidence in the results obtained.

Pestome: IlpencraBsHo € mnoApoOHO CBHIIHOCTTa Ha YNPABICHHWETO HA KauyeCTBOTO Karo
CHUCTEMAaTH4eH W HENPEKbCHAT IpOLEC, KOWTO C€ MIpuiara Ipe3 Leaus XU3HEH LUKBI Ha
IIPOAYKTAa — OT HErOBOTO CB3JaBaHE 1O EKCIUloaTanusTra U KoHTposia. OCHOBHara My LEN €
e(eKTUBHO YyIpaBJICHWE U MOCTOSHHO MOJ00psSBaHE HA MPOLIECUTE, TaKa Y€ KPAaWHUAT MPOLYKT
Jla OTroBaps Ha BCHYKM HW3MCKBAaHUA M CTaHIAPTU. YIIPABICHUETO HAa KauyeCTBOTO BKIIIOYBA



IMIUPOK HA0Op OT JEHHOCTH: IJIaHMpaHEe Ha KayeCTBOTO, aHAIMW3 W Mperie] Ha MPOLECHTE,
BbTPEUIHM U BBHIIHM OAWTH, H3MEpBaHE W HAONIOJEHHE Ha pe3yJlTaThTe, MpOBEpKa MU
BAIMJMpaHe HA JEHMHOCTHUTE, KAaKTO M IMpHJaraHe Ha KOPUTHPAILIM U MPEBAHTUBHH MEPKH IPU
YCTAaHOBEHUM HECHOTBETCTBUs. Te3u JEHHOCTH ce H3BBbpPIIBAT HAa OCHOBara Ha JOTOBOPHU
U3MCKBAaHUS U MEXIyHapomHu crangaptH, BrmountenHo AQAP (Allied Quality Assurance
Publications), KouTo ca 0coO€HO BayKHU B 00JIacTTa Ha OTOpaHUTETHATA HHTYCTPHS.

[ToguepraBa ce, 4e NPUHIUINTE HAa YIPABICHHWE HAa Ka4eCTBOTO CE€ IMpHJIAraT HE CaMO KbM
KpallHUSl MPOAYKT, HO M KbM BCHYKH IPOLIECH, KOUTO YYacTBaT B HErOBOTO Ch3JaBaHE U
nofpbxKKa. ToBa O3HauaBa, 4ye KayeCTBOTO € pe3yiATar OT J0Ope OpraHu3MpaHa CUCTEMa, a He
caMO OT KOHTpOJI Ha TOTOBUSA INMPOJYKT. 3a Ja c€ MOCTUTHE TOBA, OpraHH3alUUTe TpsAOBa 1a
U3TPAXKIAT, JOKYMEHTUPAT, MOIAbP)KAaT U HEMPEKbCHATO YCHhBBPIICHCTBAT €(DEKTUBHU CUCTEMHU
3a yrpaBJeHHe Ha KaYeCTBOTO, KOUTO J1a FapaHTUPaT HaIexkAHOCT U edekTuBHOCT. CucTeMara 3a
yIpaBlieHUEe Ha KauyeCTBOTO NPEACTaBIsiBA CTPYKTYpHUpaHa 4YacT OT OOIIOTO yIpaBlieHHE Ha
OpraHu3ainusaTa, KoATo JeduHUpa IOJMTUKATa [0 KadecTBO, IOCTaBsl HM3MEPUMHU Ield U
OCHUTYpsIBA MEXaHMU3MH 3a TSIXHOTO mocTturane. B Tekcra ce mocousa, ye B Anekc C Ha AQAP
2000 ca BKJIIOYEHU HIMPOKO M3IOJI3BAHM METOIM 3a OLEHKA M MOJ00peHue, KOUTO ca 0azupaHu
Ha npuHuunute Ha ISO 9001. Te3u npuHIMNM BKIOYBAT OpPUEHTALMSI KbM KIHEHTa (WU
NOTpeOUTENs ), CUITHO JIMACPCTBO, AKTUBHA aHTAKUPAHOCT HA NIEPCOHAIIA, MPOLIECEH MOAX0A KbM
JNEHHOCTHTE, CHCTEMHO YIIPaBJICHHE Ha MPOIECUTE M HEMPEKbCHATO YChBBPIICHCTBAHE.

Oco0eHo BaXXKHO MSCTO 3aeMa CIIOCOOHOCTTa Ha €JHA OpraHu3aIus Ja 0Ka3Ba, Y€ MOXKeE
MOCTIEIOBATENTHO JIa IPOM3BEX/Ia MPOAYKTH, KOUTO OTTOBApPAT HA OINPEICIICHUTE W3UCKBAHUS U
HOPMAaTMBHU CTaHJIApTU. ToBa ce MOCTUra 4Ype3 KOMIUIEKC OT OpraHMU3alMOHHU MPOIECH,
yIlpaBlieHHe, KOHTPOJ W Hal-Bede upe3 M3NUTBaHUs. V3MUTBaHMATA MMaT KIIOYOBA PO B
VIpaBICHHUETO Ha KAa4eCTBOTO, Thil KAaro upe3 TIX Ce€ MPOBEpSBAT XapaKTEPUCTUKHUTE U
CBOWCTBaTa Ha MPOAYKTUTE KAKTO B €Tana Ha pa3padOTBaHe, Taka W MPHU TAXHATA JOCTaBKa U
BBbBEXKJIaHE B eKCIuIoaranus. B obmacTra Ha OTOpaHUTETHUTE IPOAYKTH TOBa € 0COOEHO BaXKHO,
3aI10TO C€ M3MCKBA BUCOKA HAJICKIHOCT, 0E30IIaCHOCT U ChOTBETCTBUE C BOCHHU CTaHIAPTH.

B HWncruryra mo orOpaHa Te3u [EHHOCTHM CE€ U3BBPIIBAT OT CIEUUATU3UPAHU
maboparopuu 3a U3MUTBAHE M U3MEpBaHe, Karo KIUoBa poiisi nMa LleHTpanHara u3nuTBareiIHa
naboparopusi 3a TwioBu umymiectBa (LUUJI 3a TU). Ta e axpemutupana or MA BCA B
cboTBeTcTBUE ¢ MexayHaponHus ctanaapt bJIC EN ISO/IEC 17025:2018, koiito rapantupa
KOMIETEHTHOCT, HaJIS)KTHOCT M TOYHOCT Ha u3nursarenHute metonu. L{INJI 3a TU pasnonara cse
crcTeMa 3a yIrpaBJlieHHe, KOATO € U3TPajJieHa, MOIbpKaHa U HENMPEKbCHATO YChBBPIICHCTBAHA, C
1eJT J1a OCUTYpsiBa OOEKTUBHU M MpocienuMu pe3yaTtatu. OCHOBHaTa i (yHKLUS € J1a U3BbPIIBA
U3IUTBAHUS Ha OTOpPAaHUTENTHH TPOJAYKTH, 3a Ja C€ OIEHH TAXHOTO CHOTBETCTBHE C
U3MCKBaHUATa HAa MUHHMCTEPCTBOTO Ha OTOpaHaTa M CBbp3aHUTE CTPYKTypu. OcoOEH akKlEeHT ce
MIOCTaBsl BbPXY NMPUHIMIIUTE HA MPO3PAYHOCT, MPOCIETUMOCT, 0OEKTUBHOCT M JOCTOBEPHOCT HA
pesynrarute. ToBa 03Ha4aBa, ye BCEKH €Tall OT U3MUTBAHETO € ACHO JOKYMEHTHpAH U MOXe Ja
Obe IPOBEPEH, KOETO rapaHTHpa HAIEXKIHOCT Ha KpaifHaTa OlleHKa M JOBEpHE B MOJYyYCHHUTE
pesyiaTaru.

IIBeranka XpucroBa, Kpaca KocroBa, [lecuciaaB bepo, Huxonait Croivyes, ,,XXVI
Hanmonanna TekcTum/iHA KoOH(epeHUUs] € MexAyHapoaHo ydactue“, OxromBpu 2024,
Konpusumuna, Peyuxknaupane na éucokoegpekmunu d0anucmuyHu 61aKHA, KAMO 4acm om
6b3MOMNCHOCIUME 3A YCHMOUYUBO YNPAGIEHUE HA CPeOCMEama 3a UHOUBUOYAIHA 3AU{UMHA
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The methods used for recycling and reuse of products containing ultra-high molecular weight
polyethylene fibers (UHMWPE), as well as their environmental and industrial advantages. A mechanical
recycling process is described, in which waste products containing approximately 70-75% UHMWPE
fibers, 10-20% thermoplastic binder and 8-15% polyethylene coating are crushed into fragments with a



size between 100 pm and 10 mm. Granulated or powdered low or medium density polyethylene is added
to the resulting mixture. The material is then heated to a temperature that is at least 15 °C below the
melting point of the UHMWPE fibers to avoid their destruction. This is followed by homogenization by
mixing and cooling, resulting in a new composite material with improved functional, mechanical and
aesthetic properties. The text also presents an example of products containing Dyneema® fibers, to which
a chemical recycling process, studied by Clariter, has been applied. The results show that it is possible to
transform waste materials into high-value products through a three-step process. It includes thermal
cracking, in which the materials are broken down into different hydrocarbons; hydrorefining, in which
impurities are removed, and more stable hydrocarbon structures are obtained; and finally, separation by
distillation of the products into different fractions for subsequent application. It is emphasized that
recycled UHMWRPE fibers can be successfully used as a raw material for new non-ballistic products,
which supports the principles of sustainable development and circular economy. The reuse of such
materials reduces the need for extraction of new raw materials, limits environmental damage and helps to
preserve biodiversity. It is further stated that the circular economy contributes to the reduction of
greenhouse gas emissions and reduces dependence on external suppliers and global crises, price
fluctuations and geopolitical risks. In conclusion, it is noted that recycled UHMWPE fibers can be used to
produce various products such as clothing, protective gloves, protectors, flooring and components for
renewable energy systems.

Pestome: M3non3Banute METOAM 32 PELUKIMPAHE W IOBTOPHO H3MOJ3BaHE HA NPOAYKTH,
ChABPIKAIIN MMOJIUETUIICHOBU BIaKHA ChC CBPbXBUCOKO MoiekyinHo Terno (UHMWPE), kakto u
TEXHUTE EKOJOTMYHU M HMHAYCTpPHAIHM IpeaumcTBa. ONMUCBAa C€ TEXHOJOTMYEH IpOIEC 3a
MEXaHHUYHO PEIHKIMpaHe, IPU KOUTO OTHAIBUYHU MPOMYKTH, ChABPKAIIM NpUOIM3uTenHo 70—
75% UHMWPE Bnakna, 10-20% TepMomiacTH4HO CBBp3Bamio BemectBo U 8—15%
MOJIMETUIICHOB TIOKPHBEH CJIOH, ce pa3apoOsBar Ha ¢parMeHTH ¢ pazmep Mexay 100 um u 10
mm. KsM nomyuenara cmec ce 100aBst TpaHyIHpaH WK MPaxoo0pa3eH MOJIHETHUIICH C HUCKA WIIN
cpenHa mIbTHOCT. Crien ToBa MaTepuaibT Ce HarpsiBa 1o Temmeparypa, kosto € none 15 °C nop
toukara Ha TonneHe Ha UHMWPE BnakHara, 3a 1a ce uzberse TaxHoTo paspymanase. [locnensa
XOMOT€HHM3UPAHE Ype3 CMECBAaHE U OXJIAKIAHE, NPU KOETO Ce I0JlydaBa HOB KOMIIO3UTEH
Marepuan ¢ MoJoOpeHH (QYHKIMOHAIHU, MEXaHWYHM U €CTeTHYEeCKH cBoiicTBa. B Tekcra e
IIPEICTAaBEH U IIPUMEP C MPOAYKTH, ChIbprKallM BilakHa Dyneema®, npu KOWTO € IMPHIIOKEH
XUMHUYEH TIPOIIEC 3a perukiupane, u3cieasan ot Clariter. PesynraTtute mokaspar, 4e € Bb3MOXXHO
OTIIaJbUHUTE MaTepualu Ja ce TpaHCPOPMHUpPAT BHB BHCOKOCTOMHOCTHM MPOAYKTH dpe3
TPUCTEIEHEH npornec. Toil BKIIOYBA TEPMUYEH KPEKUHT, P KOUTO MAaTEPUAIUTE CE pa3rpakaar
JI0 pa3IU4HU BBIVIEBOAOPOAM; XuApopaduHUpaHe, NMpU KOETO c€ IMpemMaxBaT NpUMECH U ce
MOJIy4aBaT NO-CTa0MIIHU BBIVIEBOJOPOAHU CTPYKTYPH; M HaKpas pa3jieisiHe upe3 AecTuilalus Ha
OPOIYKTUTE B pa3IMyHM (pakuuu 3a MnocieABamio npuioxenue. IloguepraBa ce, ue
peunknupanure UHMWPE BiiakHa Morar yCHemmHo Ja ce M3MO0J3BaT Karo CypOBHHA 33 HOBU
HEOAJIMCTUYHU W3JIENUsl, KOETO MOAKpEeINs NPUHUUINTE Ha YCTOWYMBO pa3BUTHE U KpPBroBa
ukoHoMmuKa. [loBropHara ynorpeba Ha TakuBa MaTepuail HaMalsiBa HEOOXOOUMOCTTA OT J0OUB
Ha HOBM CYPOBMHHM, OIPAaHMYaBa €KOJIOTMYHHUTE IIETH M CcloMara 3a Ola3BaHe Ha
O6uopa3zHooOpaszuero. [loMbIHUTETHO c€ MOCOouYBa, Y€ KpPbroBaTa MKOHOMHKA JONpPUHACS 3a
HaMaJsiBaHE Ha EMHCHMTE Ha IIAPHUKOBHM Tra30B€ M HaMaJsiBa 3aBUCUMOCTTAa OT BBHIIHU
JIOCTABUUIU U II00AJTHU KPU3H, LIEHOBH KOJIEOAHUS U Te€ONOJIUTUYECKH pUCKOBe. B 3axioueHue
ce otbemsa3Ba, ue pernuknupanutre UHMWPE Bnakna morar na Obaar u3MoN3BaHU 3a
IOPOM3BOJCTBO Ha pa3IMYHU TNPOAYKTH Karo OOJeKia, 3allUTHU pPBKABUIM, NPOTEKTOPH,
HACTUJIKU U KOMIIOHEHTH 32 Bb30OHOBSEMH €HEPIHIHU CUCTEMH.



Mmuaena JI. BeasoBa, Kpaca K. KocroBa, bopucnas I. I'enoB, Cpasnumenen ananus na
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Abstract: Classical sewing with a needle and thread is a labor-intensive and increasingly limited in
reliability method in modern conditions. Piercing the material with a needle violates its integrity, creating
numerous microscopic holes that weaken the mechanical strength and compromise the barrier properties.
As a result, the seams become critical areas of vulnerability, allowing the penetration of liquids and
significantly reducing the water resistance of the product. These shortcomings are particularly significant
in specialized textiles — such as thermal protective, medical and military clothing — where a compromised
seam can pose a risk to the health and safety of the user. This necessitates the search for and
implementation of alternative technologies for joining textile materials. Among the most effective modern
methods, welding (using hot air, hot wedge, ultrasound, radio frequencies or laser) stands out, which
provides a strong and waterproof joint without disturbing the structure of the fabric, as well as bonding
using hot glues, sprays or adhesive tapes. Polyurethane (PU) tapes and Gore-Seam® (ePTFE) are
particularly widely used, which preserve the barrier properties of the materials. Hybrid solutions
combining sewing and subsequent sealing with tapes also represent an effective approach to eliminating
leaks. In the experimental part, textile materials were joined by seams with 100% polyester threads with a
linear density of 29.0 tex and a specific tensile strength of 10.0 N, at a seam density of 3—4 stitches/cm.
Subsequently, the seams were sealed with polyurethane and Gore-Seam® tapes.

The results show that before washing, polyurethane tapes provide high water resistance (up to 8680 mm
water column), but after 30 washing cycles a significant decrease is observed (up to about 1030 mm),
which is due to degradation of the material under the influence of heat and abrasion. In contrast, Gore-
Seam® tapes demonstrate higher resistance, with water resistance decreasing to a lesser extent (from
5060 to 3370 mm), thanks to the stability of the ePTFE membrane. In terms of mechanical strength,
Gore-Seam® tapes show higher initial values of tensile strength and better retention of characteristics
after operational loading. Polyurethane tapes report a smaller relative decrease, but the lower initial
values limit their application in products with high strength requirements. In summary, the results confirm
the advantages of modern joining technologies over traditional sewing, with Gore-Seam® tapes
exhibiting better durability and performance under heavy-duty conditions.

Pestome: Kiacnueckoro mmeHe ¢ WIIa M KOHEL € TPYAOEMBK M BCE IIO-OIPAaHUYEH KaTo
HaJIeXKTHOCT METOJ B ChbBpEMEHHUTE ycioBus. [IpoOuBaHeTO Ha Marepuana ¢ UINIa HapyllaBa
HEeroBata ISUIOCT, Ch3AaBalkKl MHOXECTBO MHKPOCKOIIMYHM OTBOPH, KOUTO OTClIadBar
MeXaHWYHaTa 37paBHMHA U KOMIIPOMETHpAT OapuepHUTE CBOMcTBa. B pesynrar meBoBere ce
IPEBPBIIAT B KPUTHYHU 30HM HA YA3BUMOCT, IO3BOJABALIM NPOHMKBAHE HA TEYHOCTH U
3HAYUTEIIHO HaMaJsBallld BOJOHENPONYCKJIMBOCTTAa Ha M3ACIUETO. Te3M HEAOCTaTbLH ca
0COOEHO CBHILECTBEHH MPU CHELUATM3UPAHU TEKCTUIM — KaTo TEPMO3ALIUTHO, MEIUIUHCKO U
BOCHHO OOJIEKJIO — KBJAETO KOMIIPOMETHPAHMAT IIEB MOXE Jla Ch3AaAe PHUCK 3a 3ApaBETO U
Oe3omacHoCTTa Ha moTpedbutens. ToBa Hajlara ThPCEHETO M BHEAPSBAHETO Ha alTEpPHATHBHU
TEXHOJIOTMM 3a CheAMHSIBAHE Ha TEKCTHWJIHU Marepuanu. Cpen Haili-e()eKTHBHUTE CHbBPEMEHHU
METOIM Ce OTKpOsiBaT 3aBapsBaHETO (Upe3 Tropell Bb3AyX, Tropell KIUH, YITPa3ByK,
paguovYecTOTH WM Ja3ep), KOETO OCUTYpsBa 3[paBO M BOAOHENPOIYCKINBO CheIMHEHHE 0e3
HapylllaBaHE Ha CTPYKTypara Ha THKAaHTA, KAKTO M 3aJIEMBAHETO 4Ype3 TEPMOJIENNIA, CIPEHOBE
Wi nojuienBaiy JeHTH. Oco0eHO IMIMPOKO MpHiiokeHue Hamupar nonuyperanosure (PU)
aentu u Gore-Seam® (ePTFE), xouto chxpaHsBar OapuepHHUTE CBOICTBa Ha MaTepHAIUTE.
XuOpuIHUTE peUIeHHs, ChYeTaBallld IIMEHE W IOCJIEBAIlO0 YIUIBTHSIBAHE C JIEHTH, CBIIO
npeAcTaBiIsIBaT e(eKTUBEH MOAXOJA 3a €IMMUHHMpaHEe Ha TedyoBe. B ekcrepuMeHTanHara yact
TEKCTUJIHUTE MaTepuali ca CheAUHEHH upe3 meBoBe ¢ kKoHIU oT 100% monuecrep ¢ nuHeHHa



wrbTHOCT 29,0 tex u crenuduyHa sikocT Ha ckbeBane 10,0 N, mpu mrpTHOCT Ha mieBa 3—4
06o1a/cm. BriocnencTBue meBoBeTe ca YIUTBTHEHH ¢ MOHypeTaHoBU U Gore-Seam® jieHTH.

Pesynrarure mokaspar, 4ye mpenud MpaHe MOJIMYPETAaHOBUTE JIGHTU OCHUTYpSIBAT BHCOKA
BojoycroiunBocT (10 8680 mm BomeH cThI0), HO cien 30 1uKbBIa MpaHe ce HabmomaBa
3HauuTeneH cnaj (1o okoio 1030 mm), KoeTo ce ABIKM Ha Jerpajalus Ha marepuaina Moj
BB3/ICHCTBHE Ha TOIIMHA W a0bpa3us. 3a pasnuka oT TaxX, Gore-Seam® JICHTHTE NEMOHCTpUpAT
[I0-BHCOKA YCTOMYMBOCT, KaTO BOAOYCTOMYMBOCTTA HamalisiBa B no-maska cteneH (ot 5060 no
3370 mm), Omaromapenue Ha crabunHoctta Ha ePTFE wmemOpanara. Ilo oTHomeHue Ha
MexaHu4Hara 3apaBuHa, Gore-Seam® JIEHTUTE MOKA3BaT IMO-BUCOKM HAYyallHW CTOMHOCTH Ha
SAKOCT Ha CKBbCBaHE M IMO-A00p0 3ama3BaHe Ha XapaKTEPUCTUKUTE CIEJ EKCIUIOATallMOHHO
HatoBapBaHe. [lonuypeTaHOBUTE JIGHTH OTYMTAT MO-MaJIbK OTHOCUTENICH CHaj, HO MO-HUCKUTE
HAyaJIHU CTOMHOCTHU OTpaHUYaBaT MPHJIOKEHUETO UM IPHU U3JENHsS C BUCOKU H3HUCKBAHHS 32
3npaBuHa. B 00oOmieHwe, pe3ynTatuTe TNOTBBPKIAABAT MPEIAMCTBATA HAa CHBPECMCHHHTE
TEXHOJIOTMH 32 ChEIUHSIBAHE CIPSMO TPAJUIIMOHHOTO IHMeHe, kato Gore-Seam® neHTHTE ce
OTJIMYaBaT C MO-JA00pa ABITOTPAHHOCT M EKCIUIOATAIIMOHHU XapaKTEPUCTHKHU MPHU YCIOBHS Ha
WHTEH3MBHA yroTpeda.



