YK 687.03:677.072.6 — 037.4

MCCIUEJOBAHMUE BJUUSHUA ECTECTBEHHOM
NHCOJAIOHUN HA TPOYHOCTHBIE
XAPAKTEPAUCTHUKH MBEWHBIX HUTOK U3
ITAPA-APAMUJIHBIX BOJNOKOH

B.11. /losévioenkosa, B.U. Onvwmanckuii, HM. /I[mumpaxoeuu

KagecTBO y3/10B M COEAMHEHHH CHELManbHOM 3alllUTHOW OJEKIbl IOXKAPHBIX OT
MOBBIIIEHHBIX TEIJIOBBIX BO3ICHCTBUI M OTKPBITOIO IJIAMEHHU, KaK M JIHOOOTr0 APYroro BHIA
OJEX[Ibl, ONpeAesseTcs LEIbIM KOMIUIEKCOM IIOKa3aTesiel, Haubosiee BaXKHBIMH U3 KOTOPBIX
SBIIIIOTCS CBOMCTBA MPUMEHSAEMBIX OCHOBHBIX M CKPEILISIOLUIMX MAaTEPUasoB (IIBEHHBIX HUTOK).

Vicnonb3oBaHue HOBBIX XHMHUYECKUX ITOJMMEPOB I03BOJIMJIO CYIIECTBEHHO PpAaCIIUPUThH
TPaJUIIMOHHBII aCCOPTUMEHT, pa3padoTaTh HUTKH CO CIIEHUAIBHBIMUA CBOMCTBAMHU: CTOMKHE K
JEHCTBUIO XMMUYECKHUX BEILIECTB, ACHCTBUSIM BBICOKHX TEMIEpPATyp, 3JIEKTPOIPOBOJAIINE
HUTKH.

Cpenu NepCHeKTHBHBIX BHMJOB XHMHYECKUX BOJOKOH M HUTEH IIMPOKOE MCIOJIb30BaHUE
NOJYYHII TIapa-apaMuanble BoiokHa u HUTH Pycap (Poccms), Kevlar (CHIA), Twaron
(Hunepnanaps!) u 1. A, OHM DPUMEHSIOTCSI CErOJIHS HE TOJIBKO Ul MPOMU3BOJCTBA PA3IMYHBIX
BUJIOB U3JIEIMM TEXHUYECKOTO HA3HAYECHMSI: TSKEJIO HAarpyKEHHbBIX TEKCTHJIBHBIX MaTepUalioB,
CPEZCTB criaceHust U 0e30MacHOCTH (CTPaxOBOYHBIE MOsCa, KAHATHI, TPOCHI U T. 1.), ONTUYECKUX
U JJIEKTPUYCCKHUX KaOeliel, u3genuii 0auIMCTUYSCKON 3alUThl CBEPXIIPOYHBIX KOMITO3UTOB, HO
U JUld BBIPpAOOTKHM CKPEIUIAIONMX MAaTepUasioB, MpeJHa3HAUEHHBIX JJIsI CBEPXIPOYHOTO
COEIMHEHUS JIeTalel O€XkKIbl, SKCIUIYaTUPYIOIIEHCS B SKCTPEMAIIbHBIX YCIOBHSX.

JUis M3roTOBIEHMSI TEIUIOOTPAXATENbHBIX KOCTIOMOB IOKApHBIX, Y3J1bl M COEIUHEHMS
KOTOPBIX JOJDKHBI 00JIafjaTh BBICOKOM IIPOYHOCTHIO, YACTO HCIOJB3YIOTCS IIBEHHBIE HUTKH,
cocrosmue Ha 100 % u3 mapa-apamuaHOoro BojiokHa Du Pont Kevlar®,

Hutkn w3 napa-apaMuJHBIX BOJIOKOH OO0Jia/lal0T BBICOKOM MEXaHMYECKOW MPOYHOCTHIO
(pa3psiBHast Harpy3ka 280 — 550 KF/MMZ), BBICOKHM YPOBHEM OTHE- U TEPMOCTOMKOCTH. Jj1s1 HUX
XapaKTepHbl TOYTH IOJIHAs Oe3ycaJoyHOCTh IPU  BBICOKMX TeMIleparypax (TOJIbKO IHpu
noctkeHun temneparypsl 400 — 450 °C nabmromaeTcs ycaaka, He npeBblmaromas 3 — 4 %) u
BBICOKAsl YCTOMYMBOCTh K BO3A€MCTBHIO OTKpbITOro miamenu (1o 500 °C; nocne ynaneHus u3
IUTaMEHH BOJIOKHO TaCHET, YTO 00YCIIOBJICHO BBICOKMM KHCIOPOJHBIM HHJEKcOM — 38 — 40 % u
BBICOKOI TemnepaTypoit paznoxkenus — 450 — 550 °C). Kpome T0Oro, 3TH BOJIOKHA MaJi0 MEHSIOT
CBOM CBOMCTBa B MOKPOM COCTOSTHHH, TaK KaK OHH JIOCTATOYHO TUAPodoOHsI [1, 2].

Cy11ecTBEHHBIM HEJIOCTaTKOM IMapa-apaMUHBIX BOJIOKOH SIBJISIETCS UX UyBCTBUTEIBHOCTH K
yasTpapuoneroBomy (UV) nznydeHuro.

AHanu3 JUTEpaTypHBIX MCTOYHMKOB IOKa3aj, 4To HH(popmauum o Bo3aeictsuum UV
W3ITy4YEHUs] Ha MU3MEHEHHME DKCIUTYyaTallMOHHBIX CBOMCTB HUTOK C TE€UYEHUEM BPEMEHHM HMMEETCS
KpaitHe Majo. [Ipon3BoauTenu nMporHo3UpyrOT JULIb MOTEPI0 MPOYHOCTH HpuMepHOo Ha 50 %
yepe3 40 — 60 Henenb nocie Bo3neHCTBUS yabTpaduosera. [lo HACTOAIEro BpeMEH! OCTaIOTCS
HEJ0CTAaTOYHO MCCIIEJOBAaHHBIMU BOMPOCH! XpPaHEHU S, SKCILITyaTallui TAKOTO POJia HUTOK.

CrnenoBarenbHO, UCIONIb30BaHUE JOPOTOCTOSALIMX OTHE3AIMTHBIX TKaHEH C ONpeeI€HABIMU
TerI0(QU3NYECKUMH U IKCIUTyaTallMOHHBIMUA CBOWCTBAMU ISl U3TOTOBJICHMS 3alIUTHON OJEXK/IbI
MOKapHBIX HE TapaHTUPYET COXPAHEHHWE TAaKUX K€ BBICOKMX 3alIMTHBIX CBOMCTB T'OTOBBIX
o0Opa3oB 0Oe3 yuéra JIWHAMHUKM HM3MEHEHHUS aHAJIOTWYHBIX [IOKa3zaTellell CKPErUISIoNMX
MaTepuasoB.

[lenbto AAHHOTO HMCCIIENOBAaHMS SIBISUIOCH M3YYEHHUE M OLIEHKAa W3MEHEHHUS IMPOYHOCTHBIX
nokasarenei (pa3pbIBHOW HArpy3Kd M YAJUMHEHHUS MPU pa3pbiBe) HIBEHHBIX HUTOK U3 Mapa-
apaMHUIHBIX  BOJIOKOH, HPHUMEHSEMBIX IIPU  M3TOTOBJIEHUU  TEIUIOOTPAXKATEIbHBIX U
TEIUIO3AIUTHBIX ~KOCTIOMOB TIOKapHBIX OTEUECTBEHHOTO MpOW3BOJCTBA. VIMEHHO 3Tu



MOKA3aTeNH, SIBIISIONIUECS MEXaHUYECKUMHU XapaKTEPUCTUKAMH CBOWCTB IIBEHHBIX HHTOK,
CIIy’)KaT OCHOBHBIMHU KPUTEPHUSIMHU UX KauecTBa.

Jlist mpoBeZIeHHsT MCCIIEIOBAaHUS HCIIOJIb30BAJIUCh CBEPXIIPOYHBIC IIBEHHBIE HUTKH Protos,
cocrosime W3 mapa-apammmHOro BomokHa Du  Pont Kevlar® (100 %), Texmmueckme
XapaKTepPUCTHKH KOTOPBIX MpecTaBiieHbl B Tabmue 1 [3].

Cormacuo I'OCT 6611.2 — 73 [4] mna onpenencuus paspeiBHON Harpy3ku (P, cH) u
yanuHeHus npu paspeise (L, %) nmpenBapuTenbHO ¢ 0HONH 000MHBI HUTOK OBUIO OTOOpPaHO 10 5
po6. MccnenoBanue npoBOAKUIIOCH B T€UEHHUE TBEHAAATH HEJEeNIb, COOTBETCTBEHHO 00BEM Beeil
BbIOOpKH cocTaBui 60 mT. JMHa KaxXao0il mpoObl ONpeaessiach ¢ Y4ETOM PacCTOSIHUS MEXKTY
3KMMaMH pa3pbIBHON MamuHbl U cocTaisiia 1000 + 1 mm.

Ta6muia 1 — Texuudeckas xapakrepuctuka meeiHbix HUTOK Kevlar (100 %)

Pe3ynbTH- . Pa3zprbiB- Pexomen-
Jluneitnas

Aptu- | Homep, pyroias Has PaspsiBHOE JlyeMble
IJIOTHOCTb,

Ky Ne IJIOTHOCTb, Harpy3ka, | yanuHeHue, % | Homepa
JEIUTEKC

TEKC cH WTJI
Pr%os 75 60 200%3 5200 3-5 110-130

Hccnenyembie MpoObl pa3MeNaiiCh Ha POBHOW TJIAJAKOW O€Noi MOBEPXHOCTH TIOJ
CWIMKAaTHBIM (OKOHHBIM) CTEKJIOM TOJIIMHOM 4 MM, @pH KOMHATHOH TemIepaType
MOJIBEPTATUCH BO3JICHCTBUIO €CTECTBEHHOT'O OCBEIICHUSI.

W3BecTHO, 4TO OKOJO 2 % COJNHEYHOTO CIEKTPA COCTAaBISIIOT YIbTPa(UOIETOBBIE BOJIHBI
mmaok 0,28 — 0,38 MKM, HEBUIUMBIC JUIS TJ1a3 yenoBeka. OHU, KaK OTMEUAIOT IMPOU3BOIUTEIIH,
CIIOCOOHBI pa3pyIaTh ciiadble BOAOPOIHBIC CBA3H U YMEHbBIIATh TPOYHOCTH BOJIOKHA.

CHITMKAaTHOE CTEKJIO MPAKTUYCCKH IOJTHOCTBIO 33JIep)KUBACT JANbHUHN (IMana3oH JJIMH BOJH
10 - 200 =m), cpemnuit (muanazon mmuH BoiH 290 — 350 HM) ynbrpaduoner u
KOPOTKOBOJIHOBYIO 4acTh (auana3zoH MH BOJAH 200 — 290 HM) OdMKHEro, HO HPOIYCKAarOT
6onee 80 % (pucyHok 1) ATMHHOBOMHOBOW wyacTu (auama3zoH miuH BoiH 350 — 400 HM)
ommkHero ynprpaduonera [5].
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Pucynok 1 — CriekTpanbHOE MpoIycKaHue OOBIYHOTO CUIIMKATHOTO CTEKJIAa B YIBTpaduoIeTOBOM
o0jacTu cnekTpa

PaspbiBHas Harpyska M yUIMHEHHE NIPU PAa3pbIBE ONPEIEISIINCH Yepe3 KaXble JABE HEAEIU
METOJIOM pa3pbiBa 0JHON HUTH. OOpa3lbl 3alpaBisLUTUCh B 3aKUMbl pa3pbIBHON MamnHbl PM-
30-1 (mara arrecramuu 28.03.12, 3aB Ne 74). IlpenBapurenbHas Harpy3ka yCTaHaBIMBaJlach C
Y4€TOM HOMUHAJIBHOM JINHEWHOM INIOTHOCTH U cocTasisiia 30 cH.

Pe3ynbTaThl 3KCIIEPUMEHTOB MIPECTABICHBI HA PUCYHKAX 2 — 4.



Cratuctuyeckas oOpaOoTKa pe3ynbTaToB HCCIEAOBAaHHH Oblla BBIOJHEHA B TaOIMYHOM
penakrtope Microsoft Excel. 3nauenust ko3¢ GUIIMEHTOB Bapualluyd MO Pa3pbIBHON Harpys3ke u
YIUTMHEHUIO TIPU pa3pbIBe B TEUEHUE HCCIIETyEMOT0 MEepHo/ia PUBEACHbI B Tabmie 2.

Tabnmuna 2 — 3nayenue KodpuIMEHTa BapHallMd MO Pa3pbIBHON HArpy3ke U pa3pbIBHOMY
YIUIMHEHUIO B HCCIETyEMBIX BBIOOPKaxX

ITepronx Bpemenu (T ), HeenH
0 2 4 6 8 10 12
KOC)CI)(I)I/II_II:ICHT Bapnaugm 1o 6 6.2 9.9 9.2 9.5 8.4 8.5
pa3pbIBHOI Harpyske, %
Kosdpument sapuarm 157 [107] 75 6,8 4.4 55 6,1
Pa3pBIBHOMY YIUIMHEHUIO, %0

COBOKYITHOCTh /IaHHBIX B KaXJI0M U3 BBIOOPOK OJHOPOJIHA, TaK KaK KOA(PPHUIMEHT BapuaIiu
He mpeBbimaet 33 %.

OKCIEpPUMEHTAJIbHBIE JTaHHBIE U3MEHEHUS IPOYHOCTH HIBEHHBIX HUTOK U3 Iapa-apaMHIHOTO
BosiokHa Kevlar (100 %) uepe3 Kaxaple ABE HENENM I10CJIE€ HENPEPHIBHOIO BO3JEHCTBUS
JUIMHHOBOJIHOBOW COCTABIISIOLICH OJIMKHErO YIbTpaguoieTa COJIHEYHOTO CIEKTpa M3IyYEeHUs
anmnpOKCUMUPOBAHBI SKCIIOHEHIIMAFHOM 3aBUCHMOCTBHIO M3MEHEHHS Pa3pbIBHOW HArpy3Ku OT
BPEMEHM BO3JICHCTBUS €CTECTBEHHON UHCOJISILIMM (PUCYHOK 2) U BBIPA)KEHBl YPAaBHEHUEM:

Y =5625,3e %% (1)

Koaddunment nerepmMuHaIimm, onpeneisiomuil T0CTOBEPHOCTh IMHIK anmpokcuManun, (R2)
coctapisaeT 0,95.
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Pucynok 2 — 3aBUCMMOCTh U3MEHEHUS PA3pbIBHONW HAarpy3KHU OT BPEMEHU BO3AECHCTBUS
€CTECTBEHHON UHCOJIALUU

HpI/I COCANHCHUN )IeTEU'Ieﬁ OACXKIbI IIBEUHEIE HHUTKU B 3aBHCUMOCTH OT CTPYKTYPBI U
CBIPREBOTO  COCTaBa CTAaYMBAEMBIX MATEPUANOB  HCHBITHIBAIOT  CHUJIOBBIE.  HArpy3KH,
koneomommecs B npenenax 150 — 350 cH, a TemniepaTypa HarpeBa Uribl coctaBiset 6omee 400
°C. IIpu Takux BO3JEHCTBUSX Ha HUTKY OHA JIOJDKHA 00JIafaTh HE TOJIBKO MPOYHOCTHIO, HO U
CTaOUIIbHBIM Pa3pbIBHBIM YIJIMHCHUCM. OT BEIWYUHEI U ITIOCTOSHCTBA YZ[J'H/IHCHI/If/'I IIpU pa3pbIBE
3aBUCHT Ka4yecTBO IIIBa, OOPHIBHOCTh HUTOK NpPU TOLIMBE, MPOU3BOIUTENHLHOCTHh IIBEHHOTO
000pyT0BaHUs.

DKCTepUMEHTAIbHBIE JaHHBbIE U3MEHEHHsI YUTMHEHUS TIPU Pa3pbIBE B TEUCHHUE JIBEHAIIATH
HEICIIb HCIIPEPBIBHOT'O BOS}IGﬁCTBHﬂ €CTECTBEHHOU HUHCOJIAOUN AIMmpOKCHUMUPOBAHBI
HKCMOHEHIIMATBFHOM 3aBUCUMOCTBIO (PUCYHOK 3) U BBIpaXXEHBI ypaBHEHUEM 2.
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Pucynok 3 — 3aBUcHUMOCTh U3MEHEHUS YIUIMHEHUS IPU Pa3pbiBe OT BpEMEHU
BO3JICUCTBUS €CTECTBEHHON MHCOJISAIINU

Y =4,5071e™% 2)
Koaddumuent nerepmunanuu (R2) cocrasnser 0,91.

Ananusz MOJIYYCHHBIX HAHHBIX ITOKa3all, YTO IIpH BO3II€I>'ICTBHI/I €CTECTBCHHOM HHCOJJIAIIMU B
TEUCHHWE JBCHAILATH HeIelb IPOYHOCTh MIBEHHBIX HUTOK M3 Mapa-apaMUAHBIX BOJIOKOH
cHUkaercs Ha 65,9 % (pucyHok 4).

VHTeHCUBHBIH TPOLIECC ' CTapeHUs TaKOro poja CKPEIUIAIOUIMX MaTepuajoB  IpU
HETPEPHIBHOM BO3JICHCTBHH COJHEYHOTO W3Iy4YeHHsS OOBSCHsETCS nposiBieHHeM d¢dekra
wiactugukanuu. OcnalneHne MEXMOJIEKYISPHBIX CBSI3€M MeXIy LeHsIMH MaKpOMOJIEKYJ
nojmmepa 3a CYET U3MECHECHUS XUMHUYECKOM IMpUPOAbI JICMCHTAPHBIX 3BCHBCB B HUX IIPUBOAUT K
CHIDKCHUIO KOHILIEHTPALUH TOJISPHBIX TPy, OOYCIOBIMBAIOUIMX OOpa30BaHUE I3TUX CBS3CH.
CrnencTBueM mporecca IUIacTH(GUKAINN SBISIETCS pe3Koe MajaeHne npodHoctd (Ha 42,7 %) Ha
IIECTON Hejlele POBEICHUS IKCIIEpUMEHTA M Ha0 o naroluiics Ha orpeske 6 <7 <12 uenmens
IIPOLIECC IECTPYKLNHU (HapyLLIEHUE CTPYKTYPhl UCCIETYEMbIX IIBEHHBIX HUTOK).
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Pucynok 4 — I'mcrorpamma u3mMeHeHHs pa3pbIBHON HArpy3ku (%) U yJUTMHEHUS TIPH pa3pbiBe
(%) oT BpeMeHHU BO3/ICHCTBUS €CTECTBEHHON WHCOJISIITUN

Tak, ecnu 3HaueHUE pa3pblBHOM HArpy3KM [0 BO3JEHCTBUS €CTECTBEHHOM WHCOJISALUU
cocraBisuio 5200 cH, To wyepe3 miecTb Heaenb HENPEPBIBHOTO BO3ICHCTBHSA COJHEYHOI'O
U3IIy4yeHUs] 3HA4YEHUE pa3pbIBHOM Harpysku coctaBuio 2975 cH, depe3 nBeHaguaTh HEAenb —
1760 cH.



[TosryueHHBIE MaTEMaTUYECKUE MOJIENH MO3BOJSAIOT CIPOrHO3MPOBATh MOTEP0 NPOYHOCTH U
YIUTMHEHUSI TIPU pa3pbiBe MIBEHHBIX HHUTOK M3 Mapa-apaMuaHbix BosokoH Kevlar (100 %).
TenneHuuss M3MEHEHMsS pPa3pbIBHOM HArpy3kd AAa€T BO3MOYKHOCTH OIPENEIMTh BPEMEHHOU
UHTEpBAJI  IOJHOTO pa3pylIEHUs MCCIEIyEeMbIX IIBEHHBIX HUTOK IIPU HENPEPHIBHOM
BO3/ICIICTBUM €CTECTBEHHOW MHCOJISALIMH, COCTABIISIFOIINNA TPUILIATh YEThIPE HENIEIH.

VY iMHEeHue Npy pa3pbiBe TECHO CBSI3aHO C M3MEHEHUEM Pa3pbIBHOM Harpys3ku (K03 uIreHT
Koppensimuu  coctaBnsier 0,86), COOTBETCTBEHHO uYepe3 TPHUALATH YEThIpe Heaenu Oyaer
HaOJII01aThCsl CHUKEHUE YAJIMHEHUs Ipu pa3pbie Ha 84 + 5 %.

PesynbraTtel paboThl JarOT BO3MOXHOCTH pa3padoTaTh M BHECTH B TEXHMYECKHE YCIOBUS
PEKOMEHIalluK, ONPEAEISIOINE YCIOBUS XPAHEHUsI TAaKOr0 poJia CKPEIUIAIOLIMX MaTepHuasosB,
YTO MMEET IMPaKTUYECKYI0 3HAUYUMOCTb Ul IUBEHHOM oTpaciu U opranuzamuii. MUC,
3aHUMAIOIIMUXCSI TPOU3BOICTBOM U AKCIUTyaTallMel U3/eNuil ¢ UCI0Ib30BAHUEM LIBEHHBIX HUTOK
u3 napa-apamMuHbix Bosiokon Kevlar (100 %).

[IpoBenénHble  MccleloBaHMSA — IOKas3ald,  4TO  JUId  BBINYCKAa  KaueCTBEHHBIX
TEIUIOOTPAXKATEIbHBIX KOCTIOMOB  IIOKapHbBIX, OKCIUIyaTUPYIOLIUXCS B AKCTPEMAJIbHBIX
YCIIOBUSAX, HE00XOAUM KOMIUIEKCHBIM MOJAXOJ, BKJIIOYAIOUIMA HE TOJBKO Pa3pabOTKy HOBBIX
TEXHOJIOTHIl TIONY4YEHUs OTHETEPMOCTOMKHMX MAaTepuajioB, HO W TILATEIbHOE MCCIEA0BaHUE
U3MEHEHUs CBOMCTB MCIOJIb3YEMbIX CKPEIUISAIOIINX MAaTepHalIOB MPH JJIUTEILHOM BO3JEHCTBUU
Pa3IUYHbBIX BHEIIHUX YCIOBHI.

Vcnonb3oBanue Ui COEAMHEHMs JeTaleld CKpeIUIIOIMX MaTepuajoB C  HESIBHO
BBIPQKEHHBIM IIPOLIECCOM - IECTPYKLIMM, HE3aMETHOM IIPU BHU3YaJbHOM OCMOTPE, MOKET
IOPUBECTH K MPEXKAECBPEMEHHOMY OTKa3y CHELHUAIbHOW 3alUTHOM OJEXIbl MOKapHBIX OT
NOBBILICHHBIX TEIUIOBBIX BO3JEHCTBUI M BBICOKMX TEMIIEpATyp BO BpeMs €€ SKCIUTyaTaluu, a,
CJIeZIOBATENIbHO, K IOJIYYEHHUIO TPABM, CTaBSAIIMUX 1101 YIPO3y 3I0POBbE U KU3Hb OYKAPHOTO.
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