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KwuiBcbkuii HallloHATBHUHN YHIBEPCUTET TEXHOJIOTIH Ta TU3aiiHy

PO3POBKA BAJIICTHYHHUX TPUKOTAXHHUX
ITOJIOTEH JJIsi  BUI'OTOBJIEHHSA 3ACOBIB
BPOHE3AXUCTY

Mema: Pospodka cmpykmypu ma mexnonozii ueomoenieHHsa KyAipHUX MpuKOmadd#CHux
noiomer NiOBUWEHOI MIYHOCMI, NPUSHAYEHUX OJisl BUSOMOBIEHH 3ACc00i8 THOUBIOVAIbHO2O
3axucmy GilicbKOBOCAYHcO08Yi6 30pouHux cun YKpainu, npagooxopoHHUXx OpeaHie, [HWUX
8ilicbKOBUX (hopmysansb Ykpainu, ocib — yuacnuxie 00to6ux Oill, BIillCbKOBUX, B0JOHMEDIS,
JICYPHANICMIE MA NPAYIBHUKIE OXOPOHHUX CINDYKIMYP.

Memoouka: eukopucmano Memoou aHanizy ma CcuHmesy HAYKOBO-MEXHIUHOI ma
namenmuoi nimepamypu 'y cghepi 6uU2OMOGIEeHH MEKCMUIbHUX Mamepianie niosuueHol
MiyHOCmI, meopii CMpYKmMypoymeopeHHs KYIipHO20 080UAPO8020 MPUKOTANCY.

Pesynomamu: po3pobrena cmpykmypa il 3anponoH08aHi 3anpasHi 0ami 01 upoOIeHHs.
MPUKOMANHCHO20 NOJIOMHA NIOBUWEHOI MIYyHOCMI, WO BIOHOCUMbCA 00 2pPYRU NONOMEH
cneyianbHo20 NPU3HAYeHHA, a came OaniCMUYHUX MEeKCMUIbHUX Mamepianié 3 nioSUujeHuM
cmynenem MiyHocmi. Bcmanoeéneni napamempu 8'a3amHs, wo 3a6e3neuyioms HOPMATbHUL
nepebiz npoyecy nemiemeopeHHs Ha 080QOHMYPHIU Kpyenog'sazanvuiu mawuni. Pozpobnena
cmpykmypa A61A€ o000 080ulapose NONOMHO 3 NpPeco8UM 3'€OHAHHAM WAPI8 OCHOBHUMU
Humxkamu. J{is 6U20mo6IeHHA MPUKOMAICHO20 NOJOMHA  BUKOPUCMAHO BUCOKOMONEKYIAPHY
noaiemunieno8y HumKy nioguujenoi miynocmi mop2osoi mapku Dyneema®.

Haykoea mnosusna: pospobiena cmpykmypa O080uAp08020 NOOGIIHO20 MPUKOMAICY
niOBUWEHOT MIYHOCMI, WO 30amHa sumpumysamu moukosuti yoap norao S800H. Bcmanosneno
napamempu  pexcumy 8 A3aHHA, W0 3a6e3neuyiomb HOPMAIbHE NPOMIKAHHA  Npoyecy
nemiemeopenHs npu nepepooyi Ha 6'a3aibHOMYy O0ONAOHAHHI HOB020 HEMPAOUYIUHO20 BUOY
CUPOBUHU — BUCOKOMONEKYIAPHOL NOJTeMULeH0801 HUMKU DyneemaTM.

Ilpakmuuna 3nauumicmsy: HaNA200CEHHS BIMUUSHAHO20 UPOOHUYMBA MPUKOMANCHUX
nojlomeH Ol  GUSOMOGNEHHS OPOHeNCUNIeMi6 NPUXOBAHO20 MUNY MdA 3AXUCHO20 WApY
KOMNIIEKMYIOUUX eleMeHmie OPOHe3axucmy, GUKOPUCMAHHS AKUX OONOMOdCce MIHIMIZyeamu Oito
puxowemy Ky ma ii ppacmenmis, a 3a808KU NOJE2UEHHIO KOHCIMPYKYIL HA0ACMb MOXCIUBICIb
BILICLKOBOCIYIHCOOBYIO BLILHO PYXAMUCA MA BUKOHY8amu O0U08I 3a0aui.

Kniouosi cnoea. oOanicmuunuii  mexcmuivHuli  mamepian, — Keeiap, Dyneema,
Oponedxcunem, piseHb 3axucmy, 080ULAPOSULL KYLIPHUL MPUKOMALC.

Beryn. Ha npeBenuwkuii  xamb, B YKpaiHi, Ha TpOTHUBAry IHIIAM KpaiHam
MOCTPAASIHCHKOTO TPOCTOPY, HE MPUAUIATIAcS HaJleXHAa yBara OOOPOHHO-TIPOMHCIOBOMY
KOMIIJIEKCY 3 MO3HIIT pO3POOKH Ta BIPOBAKEHHSI HOBHUX HAYKOMICTKHX TE€XHOJIOTi. B ymoBax
CTaHy HEOTOJIOIIEHOi BIMfHM Ta MPOBEAEHHS AHTUTEPOPUCTHYHOI omeparii Ha cxoni YKpaiHu
HEOOXiJTHO Ha JepKaBHOMY PiBHI 3B€pHYTH yBary Ha (hiHaHCYBaHHS HaAyKOBHX pPO3pO0OOK y cdepi
BUTOTOBJICHHA 3aC001B 3aXHMCTy YUaCHHUKIB O0HOBUX [iil.

OnHuM 13 Takux 3aco0iB € OpOHEXKHIIETH PI3HUX CTYIEHIB 3axXHCTy. bpoHexuier — e
KOMIUIEKCHUM 3aXUCT, IKUI MOBUHEH MepeadayaTi He JTUIIEe MOXKIIUBICTh 3YIUHUTH KYJIIO, aje i
3BECTH 70 MIHIMyMYy OTpUMaHHS TPaBMYBaHHS BiJl €HEprii, Ky Bianaga OpOHEKHUIIETY KYJIs.
[Ipu 1pOMy, 3aBmaHHS OpOHEXKWIETa IMOJsIrac B MiHIMI3amii aii pUKOMmETy Kyl Ta ii
dbparMeHTiB, a TaKOXX HaJaHHI MOXJIMBOCTI BIMCHKOBOCTY)KOOBI[IO BUIBHO pyXaTHUCS Ta
BUKOHYBaTH OOMOBI 3a/1a4i.
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B Vxkpaini € ¢ipmu, mo 3aiiMaroTbCsi BUTOTOBJICHHSM OpPOHEXKHIIETIB PI3HOTO KIIacy
3axucty. OJHAK CIIiJ 3ayBayKUTH, 110 yci (pipMH 711 OMUTTS OPOHEKUIIETIB BUKOPHUCTOBYIOTh
IMITOPTHI TKaHWHU. BUPOOHUIITBO BITYM3HSIHUX OQJTICTHYHUX TEKCTWIBHUX MarepiaiiB 3
MiBUIICHUM CTYIIEHEM MIIHOCTI Maiike BiCyTHE. BimoMuii mpakTHYHUMN TOCBIJ] BUTOTOBIICHHS
Ha TKaIlbKUX BepCTaTax MOJOTEH MiABUINEHOI MIimHOCTI ansi Oponesaxucty [1]. Ilpore cmin
BIZI3HAUUTH PsJ HEAONIKIB BUKOPUCTAHHS TKaHUX CTPYKTYp. Ilix miero cumm ynapy Kyl HUTKA
OCHOBM Ta YTOKYy, pO3TAllOBaHi B CTPYKTypi TKAaHWHU Yy B3a€EMHO TMEPIEHIANKYISIPHUX
HarpsiMKax, po3cyBaroTbcs. KpiM TOro TkaHi CTpYKTYpH 3HaYHO MOCTYHAIOTHCS 32 €JTaCTHIHICTIO
Ta PO3TSKHICTIO TPUKOTAXKHUM 32 YMOBH BUKOPHUCTAaHHS HEPO3TSKHUX HUTOK.

Ha nanumii wac y CBITI cmocTepiraetbCss OyM 3aCTOCYBaHHS TPUKOTAXKHUX TOJOTEH
MPaKTUYHO B YCiX cepax KUTTENSUIBHOCTI JTIFOAUHU: TEXHIIll, MEIUIIUHI, OYIIBHUIITBI, aBTO-Ta
JTiTakoOyayBaHHI, cynHOOYIyBaHHI, paKeTHIN 1 KOCMIYHIA TEXHIli, Y SIKOCTI T€OTEKCTHIIIO Ta
0araTboX 1HIIMX. 3aBASKM CBOIM €JIACTHYHOCTI Ta OCOOJMBOCTSM CTPYKTYpPOYTBOPEHHS
TPUKOTAX € KPAITUM TEKCTUIHHIM MaTepialioM JJIsl BUTOTOBJICHHS OPOHEKHUIIETIB TPUXOBAHOTO
TUIY, JOAATKOBUX KOMILICKTYIOUMX OpOHEKMIIeTa IS 3aXUCTY Pi3HUX IUISHOK Tija (LIus, max,
medi, crerHa) Ta (opMyBaHHS MIJJIOKKH B OpoHEOJOKax s 3aXHCTy BiJ OCKOJKIB Ta
puKomery. Y Mporieci TMHaMIYHOI B3a€MO/Iii OaliCTUYHOTO TPUKOTAXY 3 KYJICI0 HOTro MeTeIbHa
CTPYKTypa BHACIIJIOK MpPOSBY €JIACTUYHHX BJIACTHBOCTEH 3a0€3Me4YuTh 3MEHILIEHHS eHeprii
puKomeTy Ky Ta i ¢pparMeHTiB. 3 Oryisiny Ha 1€, JOCHIKEHHS CIIiJl MPOBOJUTH Y HAMPSMKY
PO3po0KH came Takoi CTPYKTYpU TPUKOTaxy. BkazaHuil HanpsM € NepCHeKTUBHUM, OCKIJIBKHU B
VYkpaiHi BiZICYyTHI HiANPHUEMCTBA, SIKI CIIELIaNi3yIOThCS Ha BUTOTOBJICHHI TPUKOTAXKHUX MOJOTEH
JUTsE OPOHEKUIIETIB Ta IHIUX TPUKOTAKHUX BUPOOIB, SKi 3aXUINAIOTH BiJl PI3HUX BUIIB XOJIOIHOI
Ta BOTHEMAIBHOI 30pOi.

IlocTanoBka 3aBaanHs. Meroro naHoi poOOTH € po3poOKa CTPYKTYpU TPUKOTAKHOTO
MOJIOTHA TMJIBUIIEHOI MIITHOCTI Ta TEXHOJOTIi HOro BUPOOJEHHS Ha KPYIJIOB S3aIbHOMY
obnmagHanHi. OCHOBHE 1IJIbOBE TMPU3HAUCHHS IIOJOTCH: BHUTOTOBJICHHS OpOHEKHUIICTIB
MPUXOBAHOTO THUITY, KOMIUIEKTYIOUHX €JEMEHTIB OpPOHE3aXWCTy, YOXJIB JJIsi OpOHEIUIUT Ta
dbopMyBaHHS 3aXMCHOTO HANMOBHEHHS B OpoOHEOJOKax. Y SKOCTI CHPOBHHH MPOMOHYETHCS
BUKOPUCTATH HAIMIIHY BHCOKOMOJIIGKYJISIPHY  TIONIETHJICHOBY HHTKY TOPTOBOi MapKu
Dyneema®.

Ille B HaiigaBHIiII Yacu JIOJMHA 10Yajia 3aXMINATH CBOE TLIO BiJ 30BHIIIHIX BIUIMBIB Ta
30poi oasiroM. 3 MOSIBOIO CTali - MIIIHOTO, aJleé BaKKOTO Marepially BHUTOTOBIISUIM Pi3HI JIaTH,
00sayHKH, KOnpayrH 1 T.7. Kosibuyra Oyina BiTHOCHO JIETKOIO 1 THYYKOIO, aje 3axHIajia JIUIIe
BiJl Me4a, OpOHS 13 CTAJICBOrO JUCTAa MOIJIA 3aTPUMATH CTPUTY 1 HaBITh KYJIIO CEPEIHbOBIYHOI
BorHenayibHO1 30poi. I[lomanmpmiuii po3BUTOK BOTHENANIBHOI 30pOi BHIEpEI)aB PO3BUTOK
HaTITLHOT OpOHi, 1 OCTaHHs, B KIHI[ KIHIIIB, CTajla BTPAYaTU CBOE KOJIMIIIHE MOIIMPEHHS. 3HOBY
PO 3aXHUCT CBOIX COJIAT OpoHeoAsroM 3rajainu Bxke B 20-My ctomniTTi. B mepmry uepry me Oymno
NOB'A3aHO 31 3MiHAMH y BEACHHI BIfiHM: SKIIO paHillle OCHOBHY YacTKy IOPaHEHb COJIJATH
OTpUMYBaJIM BiJ 30poi, sika Oyna B pykax IHIIOIO COJAara, TO TEHep 3HayHa YacTKa BTPAT
npuIaaaga Ha TMOPAaHEHHS OCKOJKaMU MiH Ta cHapsaiB. EHepris 1 mpoHHKaroda 31aTHICTH
OCKOJIKIB HWX4Y€, HIXK y KyJi, 1 TOMy CTBOPUTH MPOTHOCKOJKOBY OpoHIO Oyio mpocrime. B
apMisiX IMIBUJIKO CTalyd TONIMPIOBATUCA CTajeBl Kackd, BOHM HE MOTJIM BpPITYBaTH BiJ
TBUHTIBKOBOI KYJIi, ajie¢ pATYBaJlu BEIWYE3HY KUIBKICTh CBOIX TOCIOJApPiB BiJ OCKOJKIB. Takoxk
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Oynu cripoOu 3aXHCTHTH Bl OCKOJIKIB TyJqy0 COJAaT, 1 HaBITh CIPOOM 3aXMCTUTH COJIATIB BiJl
KYJb, aJle KOHCTPYKIIii BUSBIISTUCS BAKKMMU Ta Hee(EeKTUBHUMU [2].

[Tepmi BupoOHM, sIKI MOKHAa Ha3BaTH OpOHEKWJIETaMH, OylIM CTBOPEHI MICIS Ipyroi
cBiTOBO1 BiliHM. BoHM Oynu 3po0seHi 3 CHHTETHYHUX BOJIOKOH THUIYy HEWJIOHY Ta HaIlJIeHI Ha
3aXHUCT Tijla CONAATa BifJl OCKOJKIB. AJle CIIpaBXHii MEPEeBOPOT CTABCS TOMI, KOJIH JOCHTITHUIIbKA
rpyna Ha yoii 31 Credani KBonek 3 kommanii DuPont orpumana BOJOKHO, iK€ B TOJAJIBIIOMY
CTajio Ha3uBaTucs KenapoM. Tinbku B 1975 p., konu Oynu BUITyIIEHI mepiri OpOHEKHIETH 3
KEBJIApy, BOHU BXKE€ MOTJIM 3yIMHUTH HE TUIBKU OCKOJIOK, @ i OUIBIIICTh MICTOJIETHUX KYJIb, IPU
IbOMY CTQJIH JICTIIUMHU 1 3pydYHIUMU B ekcrutyatarii. Ilicis 1ogaTKOBOTO IMOCHIIEHHS
METaJeBUMHU IUUIACTUHAMHU BJAJIOCS OTPUMATH BIHOCHO JIETKUHA 1 KOMGOPTHHM 3aXHCT BiJ
aBTOMAaTHHX KYJIb [3].

3 MOSIBOI0O HOBHMX CYYaCHUX BHUIIB 030pO€Hb 3aCO0M 1HIMBIAYAIBHOTO OpOHE3aXUCTY
noTpeOYIOTh YIOCKOHAIIEHHSI 3 METOI0 MOKpAIIEHHS 1X MIIHOCTI, HaJiHHOCTI B eKCIUTyaTallii,
30epexeHHs 1X BIACTMBOCTEH Yy PI3HMX KIIMATUYHUX YMOBAaX W €KCTPEMAJbHHUX CUTYaIlisiX Ta
JIETKOCTI 1 3py4YHOCTI y HOCIHHI. AJ)KE€ Ha ChOTOJHINIHIA JIeHb 16 HAWOUTbII HamiiHMA 3aci0
IHIMBITYaIbHOTO 3aXUCTy cojjaTa Ha moii 0oro. He3Bakaroum Ha 3HAYHI JTOCSATHEHHS Y ITIH
cdhepl 3a ocTaHHI POKH TeEpe]l HAYKOI 1 3apa3 CTOITh 3ajlada pO3pOOKHM HOBUX MarTepiajiB Ta
KOHCTPYKTUBHHX PIIlIeHb, IO JIO3BOJISATH 3pOOMTH OpPOHEKHMIJIETH OUIBII JISTKUMH 1 MIITHUMHU
OJIHOYACHO.

Y poOoTi pO3MIISANAEThCSI TUTAHHS CTBOPEHHS HOBUX BITYM3HSHUX TEKCTHIIBHUX
MmarepiaiiB, [0 BUBEIYTh BUPOOHHUITBO OpOHEXMIIETIB B YKpaiHi HAa HOBHM PiBEHb 1 AaayTh
MOKJIMBICTh HAJIArOJUTH BIACHE BHPOOHUIITBO HAIMIIHOTO TEKCTHIIO 3 YHIKAIbHUMU
BJIACTUBOCTSIMH, SIKi MEpeBepIIaTh 3a CBOIMU IMOKa3HUKAMH SIKOCTI 3apyOikHi anamoru. Crin
3a3HAYUTH, 110 MPOBITHI 3aXiAHI ¥ yKpaiHChKI BUPOOHHKH 3ac001B OpPOHE3aXHCTY Yy OUIBIIOCTI
BUITAJIKIB BIJ/IAIOTh MEepEBary BUKOPUCTAHHIO Y SKOCTI OaJICTHYHOTO TEKCTHUJIHLHOTO MaTepiary
TKaHUH 3 KeBinapy abo Dyneema.

Pe3yabTaT. BpoHeKuaeTH 3a IiIbOBUM MTPU3HAYCHHSIM MOIUISIOTH Ha [4]:

—  306HiWHb020 (TAKTUYHOTO) HOCIHHS — BUPIO OZSTaeThCsl OBEPX OJIATY.

—  NAHYUpHO2O THUITY — MOKYTh OZSTATUCS 1 i 1 HA OJIAT;

—  Npuxo8amo2o i HANieNpuUxoeaHo2o TUIYy — SIK MPABWIO ONATAIOTHCS Wi MIIXKakK,
BEPXHIN OJIAT;

—  npuxosamozo TUIY. HAWYaCTIIIe, OJATAETHCA HA TOJIE TiJ0, HEMOMITHUN HaBITh i
COpOYKOIO.

bamicTnyHi TEKCTHIBHI MaTepiayii MOXYTh BHUKOPHCTOBYBAaTHCh Yy BHUTOTOBJICHHI
OpOHEXHJIETIB TMPHUXOBAHOTO Ta HAMIBIPUXOBAHOTO THILY; KOMIUIEKTYIOUHX E€JIEMEHTIB
OpoHe3axuCcTy OPOHEKHMIETIB 30BHIMIHLOTO THITY Ta YOXJIIB JIJIs1 OpOHEOIOKIB (TIACTHH).

Sk mpaBuII0, CydyacHUN OpPOHE3aXUCT CKIAJAEThCA 3 ACKUIBKOX OpOHECTaJIeBHX IJIACTHH,
OOTSATHYTHX CIICIIAIbHUM MaTepiajioM, SIKUM aMOPTHU3YE yaap, 3HAYHO 3MEHIIYIOUH HOTO CHUITY.
IcHye cBiTOBa TpakTWKa BHUTOTOBJICHHS OpPOHEIJIACTHH 3 METAJIOKepaMidHMX OpOHEOJIOKIB,
nommepanx 3 Dyneema ®, a TakoX OpOHEOJIOKIB 3 KEBIApOBOI TKAaHWHM, 3'€THAHOI Yy
OararomapoBuil TEKCTUIHLHUIN MaTepiall.

HaiiBa)xMBiIIow XapakTepUCTUKOI0 OPOHEOIATY € KJlac HOro 3aXHCTy, TOOTO Meperik
Ti€l 30poi, Bix sKoi BiH 3axuinae. Kiac 3aXucty OpOHEXHIETY — MOKa3HUK CTIMKOCTI 3aXHUCHOI
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CTPYKTYpu OpoHeXwmiera 10 [li KOHKPETHOTO 3aco0y ypaxkeHHs. lLled moka3HHK
perIaMeHTY€eThbC yKpaiHCbKuM HopMatuBHUM JokymeHTtoM JICTY B 4103-2002 [5]. Caixg
TaKOXX BIAMITHUTH, IO JOKYMEHT PErJaMEHTY€ YiTKI BHUMOTH [JIl TJIMOWHH 3arepenrkoIHOl
nedopmarii, sika MOBMHHA Oyt He Ouibmie HDK 25 MM. BenuumHa 3amepemkomHoro
(3abap'epHOT0) BIUIMBY BCTAaHOBIIOETHCS MPH BIMMOBIAHUX JOCTIKEHHSX TEKCTHIIHHOTO
Marepianly Ha CrHeuiajgbHii OamicTW4HIM TIMHI. 3anepellKoAHUN BIUIUB — L€ EHepris, ska
nepeaaeThest Kynew Timy. JloBoisi yacto, KoM OpoHEIIacTHHA MPHKIAJAEHA 0 Tija, y pasi
HEerpoOo0 OPOHEIUTUTH E€HEPTisl KYJIi MepeacThCsl TIACTHHI 1 Jalll €Hepris ynapy MnepeaacThes
Ty JoauHW. EHepris ymapy micTojieTHOT Kyii 3MiBCTaBHa 3 TapHUM XYKOM OoKcepa,
aBTOMATHOI Kyl — 3 EHEpri€lo yaapy KyBajaau. ToMy 3amepemkoaHUil BIUIMB 31aTHUN
BUKJIMKATH CHJIBHI TpPaBMHU - aX 10 JIETATHHOTO pe3yiabTary. [Ipm mpoekTyBaHHI BHpPOOIB
1HAMBIIya bHOTO OpOHE3aXUCTy MHTAaHHIO 3a0ap'epHOr0 BIUIMBY HEOOXIIHO MNPUALIATH
0co0JHBY yBary.

ITpu nonaganHi KyJi B OpoHECTasb, BOHA PO3JITAETHCS HAa COTHI O1IbII APIOHUX OCKOJIKIB
1 BOHM MOXYTh 3aBAAaTH HaBITh 1€ OUTBIIOI MIKOIH, HIXK MPOCTO NONaAanHs Kyii. [l 3HmkeHHs
KUIBKOCT1 YTBOPEHHX OCKOJIKIB Ha OPOHEXHJIETH BCTAHOBIIIOIOTHCS MIJICYMKH W 1HIIIE HaBICHE
o0jasHaHHA, a HA caMUX OPOHEIUIMTAaX MOXHa J0JAaTKOBO POOUTH MPOTHOCKOJIKOBUN 3aXHCT.
Mix GpoHEOJI0KOM 1 TIJIOM MOBUHEH OYTH M'SIKWW MPOIIAPOK 3 BIAMOBIIHOTO MaTtepiany, KN
3aTE€H 3BECTH JI0 HyIs TpaBMy BIiJ MOMAJaHHS KyJl, MMOM SKIIUTH yaap. 3apa3 sl LbOTo
BUKOPUCTOBYIOTh aMOPTHU3YIOUI MPOKIIAAKH 3 MOPUCTHX MPYKHUX MarepiaiiB. OTke, OCHOBHOIO
METOI BHKOPUCTaHHS TEKCTUJIBLHUX MaTepialliB MiABUIICHOTO CTYIEHIO MIITHOCTI € MiJCHIICHHS
KYJIECTIMKOCTI; 3MEHIIEHHS 3a0pOHBbOBOI CUIIM yJapy Kyii Ta 3abap’€pHOro TpaBMYyBaHHS Tijla
JIFOIMHU; 3aTI00ITaHHs PUKOLIETOBI; IPOTHOCKOIKOBHH 3aXUCT.

JUis  BUTOTOBJIEHHS TPUKOTAKHUX TMOJOTEH MiJABUIIEHOT MIIHOCTI MPONOHYETHCS
BUKOPUCTOBYBAaTH ABOGOHTYPHI KpyrioB’si3anbHi MamuHu 10-16 kjmaciB 3  IHTEPIOYHUM
po3TamryBaHHSM TOJIOK, IO 3a0e3medarh NepepoOKy HAAMIIHUX HUTOK Ta OTPUMAHHS
JIBOIIIAPOBOTO TPUKOTAKHOTO TIOJOTHA 3 HEOOXITHUMH TIOKa3HUKaMH SKOCTi. Bimomo, mo B
CBITOBHX aHaJIOrax OaliCTUYHWUX TEKCTHJIbHMX MaTepiajliiB Jisd HadaHHS iM (QYHKIIIOHAJIBHHUX
BJIACTUBOCTEHl B OCHOBHOMY 3aCTOCOBYIOTbCS JIBa BHJIM CHPOBHMHHU: TlapaapamijiHi
(moninapadeHninen-repedranamin) abo kepmapoBi HUTKM kommaHii DuPont (CHIA) Ta
BHUCOKOMOJICKYJISIPHI  MOJIIETUJICHOBI HUTKH ToproBoi Mmapku Dyneema xkommnanii DSM
(Hizepnanau). Pimme 3yctpiuaerhcsi BUKopucTaHHs ix ananoriB (Twaron,Technora, Certran,
Spectra Ta iH.), ajie JAEPCTBO BCE K 3aKpIiMUIOCS 3a KeBiapoMm Ta Dyneema.

VY pe3ynbTari aHaM3y KOMIUIEKCY BJIACTUBOCTEH HAIMIITHOI CHPOBHHHM ISl BUPOOHHIITBA
OaJICTUYHOTO TEKCTHJIIO JBOX OCHOBHHMX JIiJIEPIB-BUPOOHUKIB BCTAaHOBJICHO, IO BOJIOKHA
Dyneema mnepeBepiIyioTh 3a MIIHICTIO BiANOBIAHI apamifHi BojokHa Ha 45%. 1li BosokHa
XapaKTepU3yIThCsl HE3HAYHOIO Baror, CTIMKICTIO MPakTUYHO OO0 YCiX BHUAIB XiMIKaTiB 1
yIbTpadioqeTOBUX MPOMEHIB, BIICYTHICTIO PO3TSKHOCTI, 1 IPU LIbOMY BOHU HE BTPA4arOTh
cBO€i MinHOCTI y mpoueci ekcruryaramii. Takox HuTka Dyneema He ToHe y Boxi i
IpPaKTUYHO HE CXUJIbHA 10 3HowyBaHHsA [6]. IlepeBaroro keBnapy MoOKHa Ha3BaTu
30epeKeHHsT WOro MIITHOCTI MPH HU3BKUX 1 BHCOKHX TEMIIEpaTypax, HETOPIOYICTh Ta BUCOKY
MIIHICTh Ha PO3PHUB, MPOTE MaTepiayid 3 KEBJIapy BTPAdalOTh CBOI SKOCTI 32 BOJIOTHX yMOB.
3aBasiku  TOMy, 110 BoOJOKHa Dyneema® 3 HaJABHUCOKOIO MOJIEKYISPHOIO Macolo
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BUTOTOBJISIIOTHCSL 3 TOJIETHIEHY, L€ JO03BOJISIE CTBOPIOBATH YHIKaJbHUN CHHTETUYHHI
MaTepiai, o MOETHY€E B cO01 Taki BIACTUBOCTI MOJIETHIICHY, SIK CTIHKICTB 10 i1 BOJIOTH Ta
JIETKICTh Yy MOETHAHHI 3 HEWMOBIPHOIO MIIHICTIO, IO MEPEBHINYE MIIHICTH cTam B 15-20
pasiB. OTxe, OCHOBHI BUMOTH JO CHpPOBHMHHU, SK HENEpPEBEpIICHAa MIIHICTh Ta THYYKICTb,
NPAaKTUYHO BIJICYTHS CXWIBbHICTh JO 3HOLIYBaHHS, BHUCOKE pPO3pUBAJIIbHE BHJIOBXKEHHS Ta
CTIMKICTh 70 po3pUBY 3a0e3MedaTh HOBUM TEKCTHIIBHUM MaTepianaM, 110 BUKOPUCTOBYIOTHCS Y
3aco0ax 1HIUBIAYAJIILHOTO 3aXMCTY, BUCOKI CIIOKMBHI NMOKa3HUKH. BUKkopucTaHHsS OanicCTUYHUX
TPUKOTXHUX IOJOTEH, IO MICTATh y CBOi CTpykTypi HuTky Dyneema'™, mosBoauts
HIJBUIIUTU KJIAC 3aXUCTY OPOHEKUJIETY Ta 3HAYHO 3MEHILIUTH MOro Bary 3a yMOBH 3MEHILIEHHS
TOBIIMHUA 3aXHCHUX IJIACTUH 3 OpOHBOBAHOI CTali Ta BBEIEHHS TPUKOTAXKHOI ITiJI0KKU
(HamoBHIOBaua) U1l 3aXKMCTY BiJ OCKOJIKIB Ta PUKOIIETY, IO € BArOMUM (paKTOPOM MOOUITBHOCTI
01if1s mpy 3HAYHUX (DI3MYHUX HABAaHTAXXECHHSAX B yMOBaxX OOHOBOI eKCILTyaTallii.

VY pesynbrati aHamizy OaliCTUYHUX TEKCTUIBHHUX MaTepialliB BITUM3HSHUX Ta CBITOBUX
BUPOOHHUKIB, @ TAKOXK CTPYKTYp HMOJABIHHOTO KyJIIPHOTO TPUKOTAXy HaMH po3po0jIeHa CTPYKTypa
Ta JOCIHIHPKEHO OCOOIMBOCTI 1i BUTOTOBJICHHSA Ha JBO(OHTYpPHINA KpyIrioB's3aibHii MammHi 16
KJIacy 3 IHTEPJIOYHHMX po3TanryBaHHSM royiok [7]. JlaHa cTpykTypa siBIiS€ COOOIO IBOIIApOBE
MOJIOTHO 3 MIPECOBUM 3'€IHAHHSM IlIapiB OCHOBHUMH HUTKaMu. Came ABOIIApOBE MepeIuieTeHHs
JO3BOJISE€ MIJABUIIUTH €JACTHUYHICTh MOJOTHA 3 BUKOPHUCTAHHSAM HEPO3TSKHOI HUTKHU, a TaKOX
MOEHYBATH B OJHOMY ITOJIOTHI Pi3HI BUJIM CHPOBHHHU 33 YMOBH iX WITKOTO PO3MEXKYBaHHS IO
mapax. [l yTBOPEHHS JHLBOBOIO IIAPYy TMOJOTHA BHUKOPHCTAHO BHCOKOMOJIEKYISPHY
HOJIIETUIICHOBY HUTKY TOproBoi Mapku Dyneema® mniHiiiHOT rycTuHu 44 TeKc, JUis YTBOPEHHS
BUBOPITHOT'O — TJIaJIKy KOMIUIEKCHY IOJIIaMiIHy HUTKY Ul TeXHIYHUX LW JTHIHHOI TYCTHHU
29 Tekc Ta I OLTBLIOI €NACTHMYHOCTI M IMOJIMIIEHHS YacTKH IMPYXHOI nedopmariii mosoTHa
MOJIIypETaHOBY HUTKY JIIHIHHOT TycTHHU 2,2 Tekc. OCHOBHHMH MPOOJIEeMaMH MPU BUTOTOBJIEHHI
JIAHOTO TIOJIOTHA Oynu: Mmialip TIMOMHU KYTIpYBaHHS JJIS TOJIOK IFUIIHIpa 1 pinmmmanou, mo
YTBOPIOIOTHh TETJI, 3 METOK YpPIBHOBOXEHHS YTBOPEHHUX IapiB JBOIIAPOBOTO TPHUKOTAKY;
BCTAHOBJICHHS HEOOXIJHOi BEIWYMHU 31By MDK (OHTypamu; 3a0e3MeueHHs] 3yCHILISA
BIITATYBAHHS JIJIs1 BIABEACHHS JIBOIIAPOBOTO MOJOTHA Y MK(POHTYPHUHN MPOMIKOK; BU3HAYCHHS
CHIBBIAHOIIEHHS M TJIMOMHOIO KYJTIpyBaHHS Y CHCTEMI, /i€ B IIMJIHAP] yTBOPIOBAJIKCA METII, a
B pinmmaiidi 3'enHyBaimbHI NpecoBi Hakuau. BcTaHOBIEHO, MO0 caMe 3MiHA 3a3HAUYEHOIO
CHIBBIHOIIEHHS 3HAYHOIO MipOIO BIUIMBAE HA HOpPMai3allifo MPOLECy B'sI3aHHS Ta PO3TKHICTH
noJjoTHa. BUKOpHUCTaHHS 3ampOMOHOBAHOTO JBOLIAPOBOTO TPUKOTAXY JO3BOJHMTH 3MEHIIUTH
KUIBKICTh IapiB TEKCTHJIBHOTO Marepiany npu (GopMyBaHHI MiUIOKKH (HAIOBHIOBAYA)
OpoHeOII0KIB, M0 3abe3medye 3aXKCT Tija BiJl OCKOJKIB 1 PUKOIIETY, ¥ BIAMOBIAHO 3MEHIIUTH
Bary Ta coOIBapTICTh OpPOHEKMJIETIB 3a YMOBHU 30€pEeKEHHsS Kiacy 3axucty. Po3pobiieHe
OaiCTHYHE TPUKOTAKHE TMOJOTHO IMPOUIIIO MEPEeBIPKY Ha MIIHICTh 10 yIapy BIPUTYJ Kyl
MHEBMAaTUYHOT 30poi, y pe3yabTaTi MPOBEICHHA SKOi Ha IIOJIOTHI HE BHSBJICHO CIIJIiB
pYHHYBaHHSI HUTKH B CTPYKTYpP1 TPUKOTAXY.

Ha 3aBepmienHs xorinocst 0 momatu, mo YKpaiHa B LIJIOMY CIOPOMOXHa aJeKBAaTHO
BIZIMIOBICTH HOBHM BHKIMKAaM Ha PUHKY O030pO€HB, 1 I IIbOTO ICHYIOTH MEBHI pECypCHi
MO>KJIUBOCTI. 30KpeMa, 1HTEICKTyaIbHUI TOTEHINa Jep>KaBH MPU BU3HAYEHHI MPIOPUTETIB Y
po3pobKax Ta CTBOPEHHI 030pO€HH MOXKE 3a0€3MEUNTH CTBOPEHHS KOHKYPEHTOCIPOMOMXKHUX
3pa3KiB 3ac001B 1HAUBITYAIBHOTO OPOHE3AXUCTY.
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BucHoBku. BCcTaHOBIEHO MOXIIHMBICTH MEPEPOOKH Ha B’s3aJIbHOMY 0OJIafHAaHHI HOBOTO
HETPANIIAHOrO BHIy CHPOBHHH — BHCOKOMOJEKYIIAPHOI MOMETHICHOBOI HUTKH Dyneema ™.
Po3pobiieHo nBomapoBe TPUKOTAKHE IMOJOTHO IMiJIBHIIEHOI MIITHOCTI 3 MPECOBUM 3’ €THAHHSIM
[1apiB OCHOBHHMH HHUTKaMH, [0 MOXe OyTH pPEKOMEHIOBaHE SIK OCHOBHUUN TEKCTHJIbHUN
MaTepia JUisi BUTOTOBJICHHS OpOHEKUIIETIB MPUXOBAHOTO THUITY, JOAATKOBUX KOMILIEKTYIOUYHX
OpoHeXHIIeTa IS 3aXUCTY PI3HUX AUISHOK Tila Ta GOpMYBaHHS IMiJUIOKKH B OpoHEOI0Kax Jyis
3aXMCTy BIiJl OCKOJKIB Ta PHKOIIETY. BCTaHOBIEHO MapamMeTpu pEXUMY B’S3aHHS, IO
3a0e3MevyyloTh HOpMaJlbHE MPOTIKAHHS MPOLIECY MEeTIETBOPEHHS. 3a PaXyHOK MOEIHAHHS JBOX
BUJIIB CHPOBUHM Il YTBOPEHHS IIapiB JBONIAPOBOTO TPUKOTAXKY JOCATHYTA MIIHICTH 0
toukoBoro ymapy monan S800H. ITomepenns mepeBipka MpoTHAIl OIepKaHOTO TOJIOTHA yaapy
Kyl TTHEBMAaTHYHOTO IMICTOJETa TOKa3aja HOTo JOCTAaTHIO MIIHICTh Ta €JaCTUYHICTh, IO
HiATBEPIKYIOTECS (DakTOM 30epexeHHs IUTIICHOCTI CTPYKTYpH Ta BiJCYTHOCTI pyHHYBaHHS
€JIEMEHTAPHHUX BOJIOKOH HUTKH.
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PA3PABOTKA BAJIMCTUYECKHUX TPUKOTAXHBIX HOJIOTEH JJIsA
MN3T'OTOBJIEHUSA CPEACTB BPOHE3ALIIUTBI

BOBPOBA C.10., TAJIABCKAS JL.E.

Kuesckuii nayuonanvHwlll yHuSepcumem mexHono2uil u OU3atiHa

Heab. Pa3zpaboTka CTPYKTYyphl M TEXHOJIOTUHA W3TOTOBICHUS KYIUPHBIX TPUKOTAKHBIX
MIOJIOTEH MOBBIIMIEHHOW NPOYHOCTH, MPEJHA3HAYEHHBIX I  W3FOTOBIICHHUS  CPEICTB
WHJBH1yaJIbHOU 3aIUThI BOECHHOCITYXKaIUX BoopyxeHHbIX cull YKpauHsl,
MIPaBOOXPAHUTENBHBIX OPraHOB, JPYTUX BOCHHBIX (POPMUPOBAHUN YKpPaUHBI, JIUII - YYACTHUKOB
00EBBIX NIEHCTBUH, BOCHHOCITY)XAIIUX, BOJOHTEPOB, XYPHAIHCTOB U PAOOTHHKOB OXPAaHHBIX
CTPYKTYP.

Metoauka. lcronp30BaHbl METOABI aHajivM3a M CHHTE3a HAYYHO-TEXHUYECKOU U
NAaTEeHTHON JIUTEpaTyphl B chepe TEKCTUIHHON MaTepHaliOB MOBBIIIEHHON MPOYHOCTH, TEOPUU
CTPYKTYpOOOpPa30BaHMsI KyTUPHOTO JABYXCIIOHHOTO TPHUKOTAXKA.
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PesyabTaThl. Pa3paboraHa cTpykTypa M TpeaOXKeHbl 3alpaBOYHbIC JaHHBIC IS
M3TOTOBJICHHS] TPUKOTAKHOTO MOJIOTHA MOBBILICHHON IPOYHOCTH, KOTOPOE OTHOCHUTCA K TPYIIIIE
MOJIOTEH CHEIHMAIbHOIO HAa3HAYCHUs, a UMEHHO OaJUIMCTUYECKUX TEKCTHIBHBIX MaTepHallOB C
NOBBIIIEHHON CTENEHbIO IPOYHOCTU. YCTAHOBIIEHBI MapaMeTpbl BA3aHUA, O0OeCHeuMBarolINe
HOpMaJIbHOE NPOTEKaHHE Mpoliecca MeTaeo0pa3oBaHusl Ha ABYX(POHTYPHOH KPYIJIOBS3aIbHOU
MamuHe. Pa3paboTaHHasi CTpYKTypa IPEICTaBiIsIieT cO00M ABYXCIOMHOE MOJIOTHO C MPECCOBBIM
COCAUHCHHUEM CJIOEB OCHOBHBIMU HUTSIAMU. I[IISI HU3TOTOBJICHUSA TPUKOTAXKHOTO IMOJIOTHA UCIIOJIb30BaHa
BBICOKOMOJICKYJIApHAsA HUTH MTOBBIIIICHHOM IMPOYHOCTHU TOpFOBOﬁ MapKu1 Dyneema®.

Hayuynas HoBHM3Ha. Pa3paboTaHHas CTpYKTypa JBYXCIOMHOTO TPUKOTa)Ka MOBBIIIEHHON
MPOYHOCTH, CTIIOCOOHA BBIICPKUBATh TOYeuHbIN ynap 6osnee 800H. YcraHoBieHBI mapameTpbl
pexuMa Bsi3aHUs, 00eCIeunBaloIIe HOPMAIbHOE MTPOTEKaHHEe Mpoliecca NeTaeo0pa3oBaHus IPH
nepepadoTKe Ha BA3aIbHOM O0OpPYIOBaHMM HOBOTO HETPAJAMLMOHHOIO BHUJAA ChIpbI —
BBICOKOMOJIEKYJIIPHOM MOJUITUICHOBOU HUTH DyneemaTM.

IIpakTHyeckass  3HAYMMOCTbL.  HAJIAXUBAHUEC  OTCYECTBEHHOTO  NPOM3BOACTBA
TPUKOTAKHBIX IMOJIOTEH IS M3TOTOBJICHHUS OPOHEXUIIETOB CKPBITOTO THIA M 3aIIMTHOTO CIIOS
KOMIUIEKTYIOIIMX ~ 3JEMEHTOB  OpOHE3aIlMThl,  UCIOJb30BAHUE  KOTOPBIX  IOMOXKET
MUHHMH3UPOBATH BO3JCHCTBHE PHUKOIIETA MyJIU U ee (hparMeHToB, a Omaronaps 0OJer4eHuto
KOHCTPYKLIUHU MO3BOJIUT BOEHHOCTYKAIleMy CBOOOJHO ABUIaThCs U BBIIOJIHATH OOEBbIE 33a1a4u.

Kniwouegvie cnoea: Oannucmuueckuti mexkcCmuabHulli mamepual, keeiap, Dyneema,
bponesicunem, ypogensb 3auumsl, 08YXCIOUHbBL KVIUPHBIL MPUKOMALC.

BALLISTIC KNITTED FABRICS DEVELOPMENT FOR BODY ARMOR
PRODUCTION

BOBROVA S.JU., GALAVSKA L.JE.

The Kiev National University of Technologies and Design

Objective. Development of structure and knitting technology of hyper strength weft
knitted fabrics for manufacture of personal body armor for combatants, soldiers, volunteers,
journalists and security structures employees.

Methodology. Methods of analysis and synthesis of scientific-technical and patent
literature in the field of hyper strength textile materials, theory of weft double-layer
knitwear structure formation were applied.

Findings. The knitting structure was developed and initial knitting process data were
suggested for hyper strength knitted fabric production. It belongs to the group of fabrics of
special purpose, namely ballistic textile materials with an increased level of strength. The
knitting parameters were determined, which provide normal course of knitting process on
double circular rib machine. The proposed structure is a double-layer knitting fabric with a
press connection of layers by main yarns. For the knitted fabric production were used ultra-
high molecular weight polyethylene yarn trademark Dyneema®.

Originality. The developed double-layer knitwear structure of hyper strength is
capable of withstanding more than 800N spot-kick. The parameters of knitting mode are
determined, that provide normal loop forming action by processing on knitting equipment
of the new non-traditional raw material - ultra-high molecular weight polyethylene yarn
Dyneema'™.

Practical Value. Establishing of domestic production of knitted fabrics for armored
vests of hidden type and body armor protective layer elements manufacture, using which
helps minimize the impact of a bullet ricochet and its fragments, and due to construction
lightweight allows the soldier to move freely and carry out combat tasks.

Keywords: ballistic textile material, kevlar, Dyneema, armor vest, protection level,
double-layer weft knitwear.
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