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APAMUL. Tepmuyeckue cBomncTBa

OCHOBbI OTEYECTBEHHOWN TEXHOMNOMMM NPOM3BOACTBA apaMUaHbIX HUTEN ObINM CO3AaHbl B KOHLE
wectngecartbix-Havane cemmaecartblx rogoB XX Beka wwkonon npodpeccopa I.U. Kygpssuesa
(npuopuTteT 1969 roga, AsTopckme ceugetenbctea CCCP Ne52845 n Ne53132). OH k cepeanHe
80-x rogos B OpaeHa JleHnHa HIMNO «XnumBonokHo» B ropoae Mbituium MockoBckon obnactu
co3fan MOLLHbIN OTAEN TEPMOCTOMKMX BOMOKOH, COCTOALWMN 13 9-Tu nabopatopuii.

3a cosfgaHue Npon3BoacTBa HUTEW NEPBOro NOKOMEHUs C TOProBon Mmapko « CBM» konnektusy
otaena B 1980 rogy 6eina npucyxaeHa JleHnHckas npemmna CCCP, a 3a cosgaHune HuTen ¢
Toproeon mapkon «Apmoc» (APamngMOCkoscknin) B 1988 rogy 6bina npucyxgeHa
FocypnapcTtBeHHasa npemus CCCP.

ApomaTtuyeckuin nonvamung (Apamua) ABnseTcs reTepoumKInYeckum nonmmepom, n
npou3BoanTcs NyTéM OOPMOBAHUSA N3 3OTPOMHbLIX PaCTBOPOB XECTKOLEMNHbIX NOMMEpOB,
NOMNy4eHHbIX METOAOM PacTBOPHOW MOMMKOHAEHCauun B anpoTOHHOM pacTBopuTerne u3
apomaTuyeckux AMaMuUHOB 1 anxnopaHruapuaa tepedpraneson kucnotbl (AXAT®X).

Tepmuyeckue cBomcTBa apaMUAaHbIX BOJIOKOH 00yCnoBreHbl O4HOBPEMEHHO U
XUMUYECKOM, U (PU3NYECKON MUKPOCTPYKTYPOM:

Monumep npeacTaBnseT cobor ANUHHYIO LIEMOYKY CUHTETMYECKOro nonnaMmmaa, B KOTOPOK, He
meHee 85% amMnaHbIX CBSA3eN NpuKpensieHbl HENOCPEACTBEHHO K ABYM apOMaTUYeCKMM KorbLiaMm.
AmngHble cBA3n obecneunBatloT BbICOKYHO aHepruto anccoumaumm (Ha 20% Bbiwe anndatnyeckmx
aHanoroB), a apamugHble Konbla JaloT NPEBOCXOAHY TEPMOCTAabMIBHOCTb.

PasnuyaloT 3 0CHOBHbIX BapuaLMn BONOKHA: Napa-apaMuibl, MeTa-apamuibl U CononmMepsi
nonvamuaa.

CpaBHUTeNbHaA TEPMOCTOUKOCTb BOJSIOKOH
M3 apoOMaTUYECKUX U FreTePOLIMKITUYECKUX NONIMMeEpoOB

O6paTtuTe BHUMaHue, 4To B Tabnuvue npeacTaBreHbl OPUEHTUPOBOYHbIE CPaBHUTESNbHbIE AAHHbIE
Mo Knaccam norimmepos.

Kaxabin nponssoanTens apamMmmnaHbIX BOSTOKOH BeAeT HenpepbIBHYI0 HayyHyo paboTy no
YNy4LLEeHNo TEPMUYECKNX CBOMCTB COBCTBEHHOW NPOAYKLMKN (TOProBOM Mapkun) nytem obasku
COMONMMEpPOB UNN AopaboTKN TEXHONOrMYECKUX NPOLECOB.

BonokHo CoxpaHeHue npovHocTu (%) nocrne nporpesa

yoenbHas MNporpes npu TemnepaTtype (°C) / B TeyeHune (4acos)
NPOYHOCTB W 200 °C 250 °C 300 °C 300 °C 350 °C 400 °C
KucnopoaH 1000 vac 500 vac 250 vac 1000 vac 100 yac 50 vac
b IHOekc

TOproBble

MapKu



APUMNA 92 78 75 63 54 28
po 65
cH/Tekc, KU
35-37 %
(nonuumunaH
ble BOSIOKHA)
HOMEKC / 82 65 30 paspyLuaeTcs
®EHUNOH
no 220
cH/Tekc, KU
32-34 %
(meTa-
apamugHble
BOJTOKHA,
apomarumyec
Kni
nonuamma,
CBA3N
B MeTa-
no3uumm)
APAMMA 80 58 25 paspyLiaeTcs
Ao 290
cH/Tekc, KU
30-32 %
(napa-
apamugHble
BOJOKHA,
apomaTuyec
Kni
nonnamung
TOProBble
MapKu:
kesnap,
TBapOH,
XepaKpOoH)
KEPMEJb 83 41 29 paspyLiaeTcs
(cononumep
Hble nonunam
naHble
BOJOKHA,
apomaruyec
Kni
nonvamup)
3UIOH 85 55 38 - 18 7
(nonn-n-cpe
HUNeHBeH30
-6uc-
okcason)
APCEJIOH / 85 55 65 30 20 -
OKCAIJIOH
(nonwnokcapg
nasonbHble
BOJTOKOH)
MpencTaBneHHble B Tabnvue gaHHble MOTyT OTNMYaThCA OT NapaMeTPOB KOHKPETHOM MapKu
BOSOKHA.
CTporyto TexHM4ecKyto nHopMauuio crieqyeT YTOYHSATbL HENOCPECTBEHHO Y NPON3BOAMTENS

BOJ1OKHa.

Nro6oe TepmMoCTOMKOE BONOKHO NpeacTaBrisieT cobon 6anaHc CBOUCTB:
- yaenbHasi NPOYHOCTb BOJTOKHA Ha pasphblB,



- KUCIOPOAHbIA MHOEKC M CONPOTUBNEHNE TOPEHUIO,

- TYronnaeKoCTb M TemnepaTtypa CTeKNoBaHMsA NonMmepa,

- TEpMUYECKMNE KayecTBa COXPaHEHNSI N NOTEPU NPOYHOCTH,

- COOCTBEHHOE COMNPOTUBIIEHNE TEPMONEPEHOCY (TENTONPOBOOHOCTL)
- TepMmnyeckas ycagka BOSIOKHa B OrHe,

- TepMmnyeckas ycagka BOfIOKHa B ropsiien Boge, B napy,

- BOOOCTOMKOCTb W BriaronornaiieHme,

- CTOMKOCTb BOJIOKHA K Y(OB-U3NYy4YEHNIO,

- MexaHu4eckasi CTOMKOCTb K UCTUPaHUIO, pa3pbIBy,

- UTOroBas aKcniyaTauMoHHas CTOMKOCTb M NPUIO4HOCTb B U3OENUSIX.

BanaHc 3TUX CBOMCTB onpeaenseT BOCTPe60BaHHOCTbL BONTIOKHA U TEKCTUINIbHOIO NpoAyKTa
y nonb3oBaTternen.

Mpun aTOM Aaxe ANs BbICOKOKAYECTBEHHOIO TEPMOCTOMKOrO BOSIOKHA HEMArOBaXHYHO POsib
urpatoT BOMPOChbl KOMMEPYECKON CTOMMOCTU U CROXHOCTU TEXHONOMMYeCcKoro npomMssBoacTea. B
naeanbHOM criyvyae, OpMeHTUPYSCh Ha BonbLUYO NapTMIO NPOAYKUUK crieagyeT NpoBoaUTb
COBCTBEHHbIE CepTUPUKALNOHHBIE TECTbI TEPMUYECKMX CBOWCTB MaTepunana.

TepMunyeckme CBOMCTBa U YCTOMYUBOCTb K BO3AEUCTBUIO
BHeLwHux dpakTtopoB BonokHa KEBJIAP

[ns BonokHa Keenap xapakTepHbl ABa BaXXHENLLMX Ka4yeCTBa - BbICOKasi MPOYHOCTb, KOTopasi
noapoGHo Gbina onucaHa B NepBoii CTaTbe, U XopoLune TEpMUYECKME CBOMCTBA.

Tepmuyeckue ceoricTBa BosiokHa Keenap nposiBNsitoTCcs B ABYX acnekTax: BO-NepBbiX, BbICOKNE
TeMnepaTypHble 3aBUCMMOCTHU, BO-BTOPbIX, HA3Kas FOPHOYECTb, HU3KMIA YPOBEHb AbIMOBbIAENEHMUS
N Apyrve nonoXxuTerbHble kKayecTsa.

B Tabnuue 1 npuBeaeHbl TepMUYECKMEe XapaKTepUCTUKKN BoriokHa Keenap.

Tabn. 1. TunuyHble TepMmnyeckme ceonctea HuTen KEVLAR®

Ycagka
B Boae npun 100°C % <0,1
B cyxom Bo3ayxe npwu % <0,1
177°C
HanpsibkeHue npu ycaake
B cyxom Bo3gyxe npu r/'n <0,1
177°C cH/Tekc <0,88
YpaenbHas Dx/krx°C BTU/dyHT*°F
TENMNOeMKOCTb
Mpn 25°C 1420 0,34
Mpn 100°C 2010 0,48
Mpn 180°C 2515 0,60
TennonpoBOOHOCTb BTUxgm/hxp2x°F 0,3
B1/(mxK) 0,04
KoadpdbunumeHt aronm/(aronmx°F) -2,2%x10-6
NINHEWNHOrO cm/(cmx°C) -4,0x10-6
TEPMUYECKOro

pacwmnpeHnsa*



PasnoxeHune °F 800-900
Temnepatypa B °C 427-482
BO34yxe*™

* UCMNbITAHO C HYNEBOW KPYTKOW HUTWU Npu pacTarneatoLen Harpyske 0,2 r/oeHbe (1,8 cH/Tekc)
** U3MEHSIEeTCHA C UBMEHEHMEM CKOPOCTWN Harpesa

Kak BUAHO 13 NpMBEAEHHbIX AaHHbLIX, OCHOBHOW XapaKTePUCTUKON ABMSETCS TemnepaTtypa
pasnoxeHusa H1UTen Keenap B Bo3ayxe. BugHo, YTo B cambIX KpUTUYECKMX YCITOBUSIX OHA
konebnetca ot 427 o 482°C, 1.e. BONokHO KeBnap Becbma yCTONYMBO K BO3AENCTBUIO
Temnepatypbl. [laHHble 3TOM e Tabnuubl NoKa3biBatoT 0COOEHHOCTU JIMHENHOrO TEPMUYECKOTO
paclunpeHus BonokHa Keenap. BuagHo, 4to BonokHo KeBnap He paclumpsieTcs Npy HarpeBaHuu,
a, HaobopPOT, HECKOMBbKO YMEHbLUAEeT CBOM pa3mepbl, brnarogaps CTPYKTYPHbIM U3MEHEHNSIM,
KOTOpble NPOUCXOAAT B 3TOM MaTepuarne.

YUTo KacaeTcst COnpsXKEHHbIX C 3TUM AaHHbIX NO ycaake, TO BUAHO, YTO YCaaKa Kak B CyXOM
Bo3ayxe npu 170°C, tak 1 B Boge npu 100°C cocrtaBnsaeT BeCbMa He3HAUYUTENbHbIE BEMNYMHDI.
HanpspkeHust npu ycagke Takke HeBenukn. [ns cnpaeky B Tabnvue npuBeaeHbl AaHHbIE MO
yaenbHON TENSIOEMKOCTM, BUOHO, YTO C NOBbLILLEHNEM TeMMNepaTypbl yaenbHast TENN0EMKOCTb
3P PEKTMBHO pacTeT.

B Tabnuue 2 npuBeaeHbl KO3 OULMEHTI TEPMUYECKOTO NIMHENHOrO paclumpenus. Lindpol B
Tabnuue 1 oTHocunmcn k BoriokHy KEVLAR 29, a gns BonokHa KEVLAR 49 a1u undpsl 6onbLue

npumMmepHo Ha 15% no oTpuuaTenbHOMY 3Ha4YeHUIO IMHENHOrO TEPMUYECKOro pacLUMpPeHUs.

Tabn. 2. KoadhnumeHT TepmMmyecKkoro NIMHENHOro pacwmnpenmnsi BonokHa KEVLAR® 29 n 49

Twun BOMNokHa OEeHbe O6nacTtb TemnepaTtyp KTIP
KEVLAR® °F (°C) Arovm/gronm/°F
(cm/cm/°C)
KEVLAR29 1500 77-302 (25-150) -2,2% 106
(-4,0x 106)
KEVLAR49 1420 77-302 (25-150) -2,7x 106
(-4,9% 106)

McnbiTaHO npu OTCYTCTBUM KPYTKM 1 pacTskeHumn 0,2 r/geHbe npm 22°C n 69% BRaxHoCTu.

[laHHble MO TeMNepaTypHON 3aBUCUMOCTW yAENbHOM TENNOEMKOCTU, NpuBEAEHHbIE B Tabnuue 1,
OOMNOSHATCA TEMNEpPaTypPHOM 3aBUCMMOCTbLIO YAENbHON TennoeMkocTn ans soriokHa KEVLAR
49, KoTopble gaHbl Ha puc. 1.

Puc. 1. BnusaHue TeMnepaTtypbl Ha yaenbHYyo Tennoemkoctb BonokHa KEVLAR®49

M3 pucyHka BUOHO, 4YTO yaenbHasa TennoemMkocTb BonmokHa KEVLAR 49 HeCKONbKO Bbille, YEM
nokasaHo B Tabnuue 1. Hanbonee BaxHOWM xapakTePUCTMKON NPOYHOCTHLIX CBOMCTB BOJTOKHA
KeBnap aBnsieTca 3aBUCMMOCTb MPOYHOCTM BOSIOKHA OT BPEMEHU BbIAEPKKN NPU Pa3NNYHbIX
Temnepartypax. OTu gaHHble NpuBedeHbl Ha puc. 2. Kak BUOHO U3 pucyHka, npu Temneparypax go



160°C npoyHocTb BonokHa Kesnap meHsietca mano (3-4%). MNMpu noBbIleHUn TemnepaTypbl 40
180°C, nsmeHeHuna npoyHoctn 3a 500 yacos cocTaBndaeT npumepHo 25%, a npu Temnepartype
200°C npoyHocTb 3a 500 yacoB ymeHblIaeTcs No4ytn B 3 pasa. Temnepartypa 250°C asnsetcs
KpUTUYECKOM, NPy 3TOW TemnepaType BONOKHO KeBnap MOXeT ObITb 9KCNOHNPOBAHO TOMbKO B
TedyeHme 100 yacoB NpM YMEHbLUEHUN NPOYHOCTM B 2-2,5 pasa. Takum o6pasom, BUOHO, YTO B
AnanasoHe TemnepaTtyp 4o 200°C sBonokHo KeBnap aheKTUBHO COXpPaHAET NPOYHOCTHLIE
CBOWCTBA ANUTENbHOE BpEMS.

Puc. 2. NMpoyHocTb BonokHa KEVLAR® B 3aBUCMMOCTU OT BPpEMEHMU BbIAEPXKKU NpPU
pa3nu4HbIX TeMnepartypax

Puc. 3. BnuaHne TemnepaTypbl Ha NPOYHOCTb NPU PacTAXXeHUU NPOMbILINEHHbIX
KOMMNJIeKCHbIX HUTEN B cyxom Bo3ayxe npu 180°C

Ha puc. 3 npvBeaeHbl CpaBHUTENbHbIE AaHHbIE MO XapakTepy N3MEHEHUIN NPOYHOCTU MpK
pacTsXXeHUM BOMNOKHa, 3KCMOHMPOBABLLErOCH Ha CyxoMm Bo3ayxe npu Temnepatype 180°C. U3
PUCYHKa BMAHO, YTO COXpaHEHNe NPOYHOCTM Npu pa3pyweHnn ang Keenapa B teveHme 500
YyacoB cocTtasnseTt 75-78%. [Ina cpaBHeHUsA noka3aHo, YTO Nonuadupbl Tuna JakpoH coxpaHsaoT
Tonbko okono 40% NpoYHOCTU, a OObIYHbIE NoNMamuabl HannoH coxpaHstoT Tonbko okono 15%
NPOYHOCTH, HO He 3a 500 yacos, a Tonbko 3a 350. Takum o6pasom, NPUBEAEHHbIE AaHHbIE
NMOKa3bIBalOT CyLLeCTBEHHbIE NMpenMyLLecTBa HUTKM KeBnap B COXpaHEHUN NPOYHOCTH Mpu
pacTSXXeHMM NPU IKCMO3MLMN NPU BbICOKMX TEMMepaTypax B TeYEHNE ANUTENbHOMO BPEMEHW.

B Tabnuue 1 yxxe oTMevarnoch, YTo TeMnepaTtypa pasnoxeHus BoslokHa Keenap B Bo3gyxe
HaxoauTcs B npeaenax oT 425 go 485°C, xapakTep pasnoXeHus B BO3AyXe NnokasaH Ha puc. 4,
roe AaHbl KpuBble TEPMOrpaBMMETPUYECKOrO aHanmsa, T.e. notepu seca BornokHom KEVLAR 49 B
BO34yxe npu ckopocTun Harpesa 107MuH. M3 pucyHka BUAHO, 4TO B Npedenax go Temneparyp
okoro 500°C, ansa gaHHOro BOMOKHA XxapakTepHa Hebonbluas noTeps Beca, He NpeBLILatoLLas B
cpeaHem 10%, a B nHTepeane 500-600° nponcxoauT pe3koe pasrnoXeHne BOSIOKHa, NoTeps Beca
pocturaet 80-85%. 310 cuTyauusa, xapaktepHasa ans notepun Beca B BO3AYLUHOM cpefe.

HunTn ncnbiTeiBanuch npu KOMHaTHOM TemMnepartype

Puc. 4. TunnyHble KpMBbIE TepMorpaBumeTpuyeckoro aHanusa (TF'A) BonokHa
KEVLAR®49 B Bo3ayxe npu ckopoctu HarpeBa 10°/MuH

Puc. 5. TunuyHble KpuBLIe TepMmorpaBumeTpuyeckoro aHanu3sa (TF'A) BonokHa
KEVLAR®49 B azote npu ckopocTtu HarpeBa 10°/MuH

Ha puc.5 npuseaeHbl kpuBble TI'A B a3oTe npu TOW e caMon CKOPOCTUK Harpesa. BugHo, yTo,
€CIM KUCIopOo Bo3ayxa ycTpaHeH, KeBnap B a30Te COXpaHSeTCca C Mmanon notepen B Bece
(5-7%) npaktnyeckn go 600°C.

lMockonbKy B npoLecce MCNofb30BaHUA BonokHa Kesnap paboTaloT He ToNbko B 06nacTtu
BbICOKMX TemMnepaTtyp B BO3AYLLIHOW cpefe, HO YacTo Haxo4ATCA U B HACbILLEHHOM nape B
AOCTaTOYHO BbICOKOW Temneparype, npeactaBnsaoT 60MbLWO MHTeEpeC AaHHbIE MO
rMaponUTUYECKOn CTabnnNbHOCTU B HACLILLEHHOM Nape, KoTopble NpuBeaeHsbl Ha puc. 6. Kak
BUOHO 13 NpuBeLeHHbIX AaHHbIX, ANs BorokHa Ha 1500 geHbe noTepst NPOYHOCTU Npu
akcnosunuumn 80 yacos coctaBnsaeT okono 15%. 3To cBnaeTensCcTByeT O XOpoLuen
rmaponuTmnyeckon ctabuneHoctn BonokoH KEVLAR®29.



Puc. 6. 'mpponutnyeckas ctabunbHocTb BonnokHa KEVLAR®29 B HacbIWweHHOM nape npu
Temnepartype 138CC (280°F) B 3aBMCUMOCTM OT BPEMEHU IKCMO3ULIUU

MpeacTaBnsaT UHTEPEC XapaKTEPUCTUKM TMAPONUTUYECKON cTabmnbHocTh BonokHa KEVLAR B
3aBUCMMOCTM OT pH BOoAbI, NOKasaHHbIe Ha puc.7. N3 pucyHka BUAHO, YTO Ha yyYacTke pH oT 3 oo
6 NPOLEHT OCTAaTOYHON NPOYHOCTU NPU paspyLLUEHNN MPOXOAUT Yepe3 MakCMMyM, B o6nacTu
HenTpanbHon Boabl Npy pH oT 4 0o 8 octato4Hasa NPOYHOCTL nocre 16-TM4acoBOW IKCNO3NLNN
coctaBnsieT 80% u Bbllwe, YTO NO3BONSAET HAAEATLCA HA YCMNELUHYIO 3KCNyaTauunio BOMOKHA
KeBnap B 30Hax ¢ MIHTEHCUBHbLIM BO34EMNCTBMEM BOASAHOMO napa.

Puc. 7. T'mpponutnyeckas ctabunbHocTb BoriokHa KEVLAR® npu Bo3aencTtBum napa npu
Temnepartype 154°C (309°F) B 3aBucumocTtu ot pH Boabl

B Tabnuue 3 cymMMpOoBaHbl JaHHbIE MO MMAPONIMTUYECKON YCTOMYMBOCTM BOrTIOkHa Keenap npu
akcnosunumax go 80 yacos, NOKa3aHO, YTO M B ATUX Cy4asX COXpaHAETCsA NPOYHOCTb BonbLue
80%.

Tabn. 3. 'maponuTuyeckas yctonunBocTb BorniokHa KEVLAR®

JKcno3nuus, vacol CoxpaHeHHas NpoYHOCTb, %
0 100
20 96
40 91
60 88
80 84

BaxkHenLwnm BONpOCOM yCcTOMYMBOCTU KeBnapa K BHELLHUM BO3ENCTBUAM SIBAETCS ero
B3aMMOLENCTBME C yNbTpadnoneToBbIM M3nyveHmem. Ha punc.8 nokasaHbl cnekTpbl abcopounn
BonokHa Kesnap nanyyeHus conHeyHoro ceeta. BuaHo, 4To eCcTb NnepekpbiBaloLLascs 30Ha ¢
anvHon BonHbl oT 300 go 480 HM, B koTopon Kesnap akTuBHO abcopbupyeT ynbTpaduonetosoe
n3ny4yeHne COrHEeYHOro cnekTpa.

Puc. 8. HanoxeHune cnektpoB abcopbumnm BonokHa KEVLAR® u conHe4yHoro cBeTa
Puc. 9. YnbTpacmoneroBas crabunbHocTb BoriokoH KEVLAR®

Ha puc. 9 npuBeaeHbl gaHHbIe Mo ynbTpaduroneToBon ctabunbsHocTn BonokHa Keenap. [JaH
NPOLIEHT COXPaHEHMSI MPOYHOCTU MPU pacTsHKEHUM NpU ABYX 3HAYeHUsX akcnosunumm - 450 n 900
YyacoB. BuaHo, 4To Npu yBenMyeHnn BpemMmeHn BO3AeNCTBUS CHMDKAETCH NPOLLEHT CoOXpaHeHUs
NPOYHOCTU NpU pacTskeHun. OTMETUM Takxke, YTO 3Ta XapakTepucTmka CyLeCTBEHHO 3aBUCUT OT
BECOBOW KaTeropmm BosiokHa. BuaHo, 4To nonoTtHa ¢ HambonbLuen Maccomn garT nyywme
pe3ynbTaTbl, MOCKOSbKY yNbTpadunoneToBble BO3AENCTBUS 3aBUCAT OT COOTHOLLEHUSI MeXay
06BbEMOM N NOBEPXHOCTbIO MaTepuana.

Puc. 10. BnusiHune aneKTpoHHOW paguauuu Ha NPOYHOCTb, YAJIMHEHNE, MOAYNb U
)ecTkocTb punameHToB BoniokHa KEVLAR®49

(Pe3oHaHcHbIn TpaHcdopmaTop G.E. ncnonbsosancsa npu 0,5 munnunamnepax n 2 meraBonbTax
08 reHepupoBaHNa oaHOro Merapaga kaxable 13,4 cek. PacctosHue ounameHToB OT
ncTovHuka paagmaumm coctasnsano 30 cm (11,8 gronma). dunameHT Obin 3aBEpPHYT B



anoM1HNEBYHO OONbIY U NeXan Ha CyxoMm fbay.)

MoMUMO BRUSIHMS CONHEYHOWN pagmaunn, CyLeCcTBEHHbIN MHTEPEC NPeaCcTaBnseT BNvsiHuE
3NEKTPOHHONM paamaLmmn Ha NPOYHOCTb M AedopMaLMOHHbIE XapakTepUCTUKM BonokHa Kesnap,
nokasaHHble Ha puc. 10. 13 pucyHka BUOHO, YTO XapakTepUCTUKM NMPOYHOCTU U MOAYIb YNPYrocTy
He3HauMTenNbHO YBENNUYNBAIOTCS NpY yBenuyeHun ao3bl o 200 merapag. CTabunbHbIMK
OCTaloTCA Takke OTHOCUTENbHOE YANIMHEHUE U YAernbHas NpoYHoCTb. BuaHo, yto matepuan
HaxoaMTCs B JOCTATOYHO CTabUIIbHOM COCTOSIHUW NPY BbICOKOW 403€ U3NYyYeHUs.

B cBsa3u co cnocobHocThio BoniokHa Kesnap addektuBHO paboTaTb Npu BbICOKMX TeMnepaTtypax,
KOHCTPYKLMKN C MCMOSIb30BaHNEM 3TOrO BOSIOKHA YacTo NonagatoT noa npsiMoe BO34ENCTBUE

orHa. [laHHble No BO3AENCTBUIO OTHA NpUBeAeHbl B Tabnuue 4.

Tabn. 4. Tennota cropaHusi BoriokHa KEVLAR® 49 n gpyrux maTepunarnos

Matepnan TennoTta cropaHus
BTU/dyHT Ihx/xr
KEVLAR49 14986 34,8x106
HennoH tun 738 15950 37,1106
NOMEX® apamng 13250 30,8x106
Shell Epon®** 12710 29,5x106
828/NMA/BDMA

B ycnoBusix HenocpeacTBEHHOrO BO3AENCTBUA MilaMeHN NpeacTaBnsieT MHTepec cocTaB
NPOAYKTOB CropaHus BoriokHa KeBnap B CpaBHEHUU C APYTMMU HUTAMWU, NPpMBEAEHHBIN B Tabn.5.
BuaHo, 4To no Hanbonee TskenbiM npoayktam - N20O, HC, ammuak, HC1 n SO2 - BolgeneHue
3TUX NPOAYKTOB AnA BONokHa Keenap siBNsieTCs MUHUMAnbHbIM CPean CpaBHUBAEMbIX BOSTOKOH.
CuTyaums ¢ obIMOBbIOENIEHMEM N BEPTMKAITLHON roploYeCcTbio NokasaHa B Tabnuue 6. [Ansa Bcex
npeacTaBreHHbIX BOMOKOH XapakTepHO OTCYTCTBME KannenageHns, Hynesoe Bpemsi OCTaTOYHOro
ropeHus, marble AnnHbl ropeHns. Takum obpa3om, BornokHO KeBnap nposiBnsieT cebs kak
CTabunbHbIA NPOAYKT N B YCIOBUSAX MPSIMOrO BO34ENCTBUS MaMEHN.

Tabn. 5. CoctaB npoaykToB cropaHus BoriokHa KEVLAR® n gpyrmux HATEN Npu yCnoBUsaX
HEeMonHOro CcropaHus

MpoaykTbl cropaHus B Mr/r obpasua

CO2 CO C2H4 | C2H2 | CH4 N20 HCN NH3 HCI S02
KEVLA | 1850 50 - 1 - 10 14 0,5 - -
R®
Akpun | 1300 170 5 2 17 45 40 3 - -
Axkpun/ | 1100 110 10 1 18 17 50 5 20 -
MoZaakp
un
(70/30)
66 1200 250 50 5 25 20 30 - - -
Hawnno
H
Wepct | 1100 120 7 1 10 30 17 - - -
b
Monuna | 1000 300 6 5 10 - - - - 3



up

* Obpasey NOMeLLEH B KBapLEBYIO TpyOKy, Yepes KOTOPYIO NPOXOAUT BO34YX C KOHTPONMPYyEeMbIM
MOTOKOM U C BHELLIHMM 060rpeBOM C NOMOLLIbIO PYYHOro rasoreHepaTopa. Bosgyx npoxoauT u
HarpeBaeTCs, co3faBas yCnoBuda Asis nioxoro ropeHus (¢ gecmuntom knucrniopoga). Npoaykrhbl
CXKuraHmsa cobupatroTcsl B BaKyyMHoM Tpyoke u aHanmaumpytotcsa no MK-cnektpam.

Tabn. 6. [AbimoBblaeneHne n BepTukanbHas roptodectb HuTen KEVLAR® 49.

BornokHo Obim** BepTukanbHasi BocnnameHsaemMoCTb

YCNOBH | BEC BO ToNwMHa Makcn | Bpemsa |Kanne- | Bpems | [InunHa ropeHus | Bpems
bl | JIOKOH, | Mun MM ManbH |rOpPEeHV MNafeHn Hakanu | OIonm CM |ocTaTo
Homep™ | yHums/ as yge | 1, cek e BaHUs, YHOro
apa2 NbHas CekK opeHuns
onTnye , CeK

ckas n

noTHOC

Tb

12 HeTt 3,0 1,55 3,94
12 HeTt 53 0,97 2,46
12 Het 6,5 0,96 2,44
12 Het 1,0 2,50 6,35

120 1,7 4,5 0,11
281 5,1 10 0,25
328 6,8 13 0,33
Z-11++ | 15 12 0,29

o~ NO
(el ellelle)

* BblbpaHa KOHCTPYKLMSI BONOKOH, KOMMEPYECKU AOCTYMHbIX HA MOMEHT 3KCMEepUMEHTA.

** [lbiIMoBas kKamepa nnameHHoro Tmna HaunoHanbHoro bropo ctaHaapToB, PeaepanbHas
aAMUHUCTpaUmMs aBuaumm, Yactb 2, pasgen 25,833 (A) n (B). KEVLAR Z-11 HeTkaHoe (npsimoe)
BOJIOKHO

BbInonHeHHbI 0630p CBOMCTB BOSIOKOH KeBnap nokasblBaeT, YTO MMEKLWMNNCA YPOBEHb CBOMCTB
nossondaeT adhEKTUBHO NPUMEHSTb BOMIOKHO B NpoLeccax apMUpoOBaHUs, B YCITOBUSAX
BO34EeNCTBUA BNarun, BNaXXHOro napa, ynbTpaguoneTtoBoro nanyyeHus.

B accopTumeHTe doupmbi [ONOH, MOMUMO AFIMHHOIO BOMOKHA, ONUCAHHOro B JaHHOM 063ope,
UMEIOTCA €eLLle BOMOKHa MeHbLUEeN ANWHBI, NOSTyYeHHble NPAMON pe3kon. Takme BONOKHA Takke
LLUMPOKO NPUMEHSIIOTCA B MPOMbILLIIEHHOCTMW.
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