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Mopo3oB Oner Cepreesuy
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cTopmnAa maTepmnanos

* [MpupoaHble (KameHb, AepeBO)
* WckyccTBeHHble (6eToH, MeTanbl U CNaBbl, CTEKNO, KEPAMUKA)

 CuHTEeTMYeckne (monnmmepbl U KOMMNO3UTDI)

COXpaHFII-OT CBOW CBOMCTBA B npouecce akcnayataunmu

* YMHble maTtepuanbl

KOHTpOAUpPYyEeMO MeHAIOT CBOMCTBA




NCTOPUA KOMITO3NTOB

U3pannbraHe Ncnonb3oBaau pybaeHHYO coNoMy ANA apMUPOBaHUA Kupnuyein




IcTopmAa KOMNO3NTOB

Erunetckmne capkodaru otaenaHbl CKN€EHHbIM LLMNOHOM, 3 MyMUU
3aBepPHYTbl B TKAHb CMOYEHHYI0 CMOJ10M




IcToprAa KOMMNO3UTOB

MoHronbckue BOWHDI MCNONb30BaNU BbICOKOKAyYeCTBEHHble NYKN
U3roToB/IEHHbIE U3 CYXOXXUAUiA BONOB, poroB, 6ambyKoBbix cTebnei, wenka u
CMONbl COCHbl. pPOYHOCTL TaKux nyKos pocturana 80% oOT coBpemMeHHbIX
CTeK/I0N/IaCTUKOBbIX aHANOroB.

CoBpemMeHHasas PEKOHCTPYKUMA BbINO/IHEHHAA U3
CTEeKNIONNACTUKA 7 Aepesa UCTOPUYECKOTO
KOMMO3UTHOrO /IyKa.




ROMMO3NUMOHHbIE MaTepKabl
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xene3oberonHas Danka NROQONLHAR apmMarypa




ROMMO3NUMOHHbIE MaTepKabl
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13 yero coctoaTt [NKM?

Ceasyouwee (MaTtpuua) ApMUPYIOLWMUNA HANONIHUTENDb

NMonnme - o
P OpraHu4yeckMm nnm HeopraHUYeCcKumn




3ayem?

CHu»XeHue maccbl Ha 25-40%

‘ MoBbiWweHMe TOYHOCTH reomeTpumn n KavyecrtBa asapoamMHaMmnNyeCKkunx I'IOBerHOCTel\;I

\

‘ YmeHbweHue B 10-20 pa3 KoAMYECTBa BXOAALLMX AETANEN

‘ BO3MOXHOCTb CO34aHMNA LLeNIbHbIX prI'IHOI'a6apVITHbIX KOHCTpYKLI,VIVI
|

‘ CHuKeHMe B 2-3 pas3a TpyA0eMKOCTM cOopKM

[
‘ LLInpoKoe ncnonb3oBaHMe 3HEPro- U maTepuanocbeperatomx TeEXHONOTNM

BbICOKaAa XxMmunyeckaa U KinmaTnyecKkas yCTOI\/’I‘-IMBOCTb. OTCVTCTBMe YCTaJZ1I0CTH




KOMNO3nUTbl — 3TO...

APMWUPYIOLLIUE
BO/IOKHA

NONUMEPHbIE
~ CBA3YIOLLME

R s ™
N " TEKCTMNBbHAA
n = NEPEPABOTKA
J - J
UCNBITAHUA ) ' NKM )
KOHTPO/Ib LOUCKPETbIE
KAYECTBA I BOJIOKHA
Y, Y,
MOAENMPOBAHUE TEXHOMOTUM
CBOWCTB U ®OPMOBAHMUSA
|- NPOLIECCOB

J




Poib KOMIIOHEHTOB

MaTpuua (nonnmep) ApPMUPYIOLWMN HANOIHUTE b
(TpexToyeyHbin) n3rmb

TpewmHbl PactaruBaiowasn Harpyska

PacTaeHue

CaBur B NJ1I0CKOCTU

Cxema apmuposanus [0; 90] Cxema apmuposanus [0]
Y =

J '.--/

MexcnoeBon casur: Z= M < xH

| Cxema apmuposanig [90] OWCKpeTHD apMUpoBaHHEIE

= Y
f—-

BIH A ATH

MHOXeCTBeHHLA COBIT



PbIHOK MONMMEPHDBIX CBA3VHLLMNX

10%
29%
35% 38% 39%
TepmonnacTsl
98%
TepmopeaKTUBHbIe .
71%
65%
62%
61%
1980 1990 2000 2010 2015 2018

Ob6bem pbIHKa,

2,8 4,3 7.4 8,5 10,4 11,4
M/IH. TOHH/rop,
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O/IMMEPHbIE MATPULLbI.
epMOon1acThbl

Teepapiii TeKyuuu




TepmopeaKkTnBHbIE MATPULLbI

BA3Ku uam tesepabin Tekyuuni

et A




[TonnmepHbIe MaTPULLbI.
PeakTonnacTbl.

COAST RESIN

Crystal Clear Crystal Clear

Epoxy Resin Epoxy Hardener

_For Super Gloss Coating
FUSRIETO |kt akpre work T TR

MNonnadpupHbie cmonbi 9NOKCUAHbIE CMObI deHonpopmanbaerngHoie

CMOJ1bl
OH " OH OH




Hy»KHa HMU3KaA BA3KOCTb U

AONroe Bpems KU3HU ,
U [Mpenper

Mcnonb3oBaTb pacTBoOp (pre-impregnated)




[ToonuTKa U OpMOBaHMeE

BaKyyMHﬂMHd)EMﬂ: - NHKekuuna 8 popmy (RTM):




ABTOK/1aBHOE QOPMOBaHME

GE90 — py4yHas BblKnagKa npenpera. Bec nonactu cocrasnser 14,5 kr,
NonatKa BeHTUAATOpa GE90 coctouT 13 400 cnoés, pa3butbix Ha 1700 KyckoB npenpera.

[Ona nonHo BbiKNaAKK nonatku B npecc-popme pabouemy Tpebyerca okono 340 yacos.

GE90 and GEnx Composite fan blades Composite fan blades




MpousBoacTBEHHDbIN y4acToK usgenuun us NKM

lMpumepoi peanu3o08aHHbIX NPOEKMO8

OcHacmku 0719 KOMMO3UMHbIX 710N1aMOK asuayuoHHo20 dsuzamernA. (2022 200)

Iy ., ¢

MepgopuposaHHaa KomnoumHas naHenb osuzamens 4-8. (2022 200)
——







anMeHeHMe KOMNO3ULMNOHHBIX MaTepuarnioBe B aBUAaCTPOeHUHU
(rpaxc,qancxaa U BOeHHasn aauauua)
MpoexT BOUHI 787 DREAMLINER MNpoekTbi SSJ 1XXu IRCUTMS 21

u50% -

B@37,5% - yrnennactuk

@333% - anioMuHKeBbie CNNasbl
B 19% - THTanOBLI CNNaBs!
0865 -cranu

W3% - npoume Mmarepuanst

1% - cTexnonnacTux

©20% - amounHHeBbLIe CNABL!
#15% - THTaHOBBIE CNNABL!

10% - cranu

u 5% < npowmne Matepnansd

= [Oons MKM (no macce): = PesynuTaTel ucnonbsosanus MNKM: = Mo pacyeram chupmel Porcher, 3a kunorpamm
= Aspobyc A380 - 22% = CHumxeHue Beca Ha 15-30% SRR e SRR
rpaXXAaHCKUX CaMONEeTOB roTOBbI MNaTUTk A0
= BowuHr 787 —no60% = YMeHbLIeHWe pacxona TONNuea
500 EBPO
= BoeHHble - He Gonee 40% = YnyylweHne 3Konoru4ecKkux

nokasareneu




OnNnbIT BHEAPEHUA PASPABOTOK

MPOEKT NTK HMN «®EAEPALIAA» MPOEKT MC-21

KOMNeKC maTepManos gns
HU3roTOB/IEHUA 3/IEMEHTOB
camoTesia ¥ KOMNO3UTHOM

OCHAacCTKu

Komnnekc Bucman eMMHAHDBIX
marepuanos u MaTepuanos gna
KOMMO3UTHOM OCHACTKM

BECMWNOTHBIE JIETATE/IbHBIE MPOEKT Un-114

AlMAPATDI

Komnnekc marepuanos

KOMMNeKc marepuManos gna ANA OCHACTKM, KNees U

BaKyyMHOR uHYysUM u npenperoe
KOMNOSWUTHOM OCHACTKH

Komnnekc 6ucmanenmmgHbix
marepuasnoe 1A Kanorau

lq MTEKMA

MPOEKT «OXOTHUK»

Komnnekc
marepuanos gna
BaKYYMHO UHPY3SUMU
M KOMNO3UTHOM
OCHACTKM, npenperu

MPOEKTNAK AA «MU3genme 80»

Komnnekc
BbICOKOTEMNEPaTypHbIX
. MaTepuanos ANa BXOQHOIo U
BbIXOL4HOrO YCTpOCTBa

NPeAKPbINKOB




JNOKCUAHble CMOANbI




JnokKcuaHble cBA3yloLmne

locTOUHCTBA

NMpo4yHoOCTbL ++
XXecTKoCTb ++
Huskana BA3KOCTb +/- - :
Biicokas TemnepaTypa cTeknoBaHusa | =
(mo 200°C) ++ s
Bbicokasa TpPeLWnHOCTOMKOCTb

(c nnactupmukatopamun) +++
Huskaa ycapka ++

yMepeHHoOe BriaroHachbiweHue +/-
TexXHONMOrM4YHoOCTb +++

LeHna +/-

HepocTtaTtku
TemnepaTtypa akcnnyatauum
Ao 90-120°C +/-
OTBepxaeHue npu 180°C -/+




PKK 3HEPTUA

KOMMO3UTHbIN OTCEeK BO3BpaWlaemMoro annaparta

K =




KoOMMO3UTHbIM KeccoH MC-21




L4

nPoYHOCMHbIe ceoucmea

BblCOKUe

cpegHue

TepmopeakTnBHbIe CBA3YIOLLME

Kputnuyeckaa temnepartypa gns
cTaHAapTHbIX Al cnnasos

MaKCMMaJIbHaA TemnepaTypa 3Kcn
T 1 1

0 120 1380 250 300 400

bmMuU

Bucmaneumuosi

ITE)

LluaHosble agpupebi

nm

lMonuumuosl

®H

®manoHumpunel
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TennoctonkocTtb [MKM
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Al 7075-T6
PN-3M
L_ — dTanoHUTpUNDLI
ﬁ \ \/\ NCB-250
6bucmanemmuabi
Al 7075-T6 npuBegeHHbI MOAY/b YNPYroCcTH
T26
T67 dnKcuaHoe cB-e oTeepXKaeHue 180
ANoKcuaHoe cB-e oTBepxaeHue 120
50 150 250 350 450

Temnepartypa, °C



bucmanenmu nbl

Horst Stenzenberger i i

EVONIK [

General Dynamics F-16XL McDonnell Douglas AV-8B Harrier 59



OnbIT BHegpeHUA pa3paboTok

Komnnekc matepuanos Ha ocHose bMWU ceasyrowmx
AnA Kapkaca J1T3

CraTyc: cepmitHas nocTaBka maTepuanos

MPEMNPET + MNJIEHOYHbIW KNEWA + BCMEHUBAIOLLIMUCA COTO3AMO/THUTE b+
MACTA A161 3SABUBKU COT+BMM KNEN
Ha sce maTtepuanbl ectb TY cornacosaHHblie ¢ «PKK SHeprusa» matepuanbl npownu
MUCMbITaHUA NO nporpamme paspabotaHHon «PKK 3Heprua»

30



I Ipumenenue bMU

i [ -




TypOOBECHTHIATOPHBIN JBUTATEb

BeHTunatop

-50 °C

,-v“é’

=
.[/

”f‘,"

10 250 °C

3awmTta  Kamepa cropaHuA T
W e

Cmecutenb

‘ | ’ -

TypbuHa HU3KOro AaBneHuna
n0 250 °C

Typbu1Ha BbICOKOTrO AaBaeHus
no 420 °C

Komnpeccop BbICOKOro AaBaeHun
[0 420 °C

Komnpeccop HM3KOro gaBneHuA
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Npou3BoACTBEHHDIN YuacToK usgenmii us NKM -« ©
lMpumepoi peanu3o08aHHbIX NPOEKMO8 1 ==

\Eﬁ!& "
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MpoussoacCTBEHHbIN yYacToOK usgenmni usNKM -~ 11

| UHYMuT
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Pa3paboTka cBA3ytOLWEro

Npes (UTO XOTUM YIYYLLIUTL?)

p

\
BA3KOCTb U CKOPOCTb peaKkumnun
CBONMCTBa CBA3YIOWETO  TepmuyecKue CBOMCTBA

Xnmmnyeckas XapakTepusauna

A\
- D
Bbibop cocTaBa 3
TEE et PeXXum oTBepKaeHuA
g MexaHn4YecKkne n TepMmmnyeckme CBOVICTBa/




OTaNOHUTPUILI

CBA3bIBAOLWUMA
dparmeHT

ectkui MbKuni
NC 0 0 CN NC o) o\ﬁ/o 0 CN
JoOUT, JOUOU LU,
T.,=185°C T.=22°C
T. Kennep, 1982 . MLV, 2015 *°

dryn «BUAM», 2015 .
Mponssoacteo «MTEKMA cuHTes», cenyac



CnHTEe3 CI)TaﬂOHI/ITpl/lﬂOB
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TexHONOTMYHOCTb GTaNOHUTPUIOB

oTBepKAeHUA

1200
© 1000
T 800 —160°C
: 1700
—e
x 400 190 °C
@ 200 —200°C

0 -

0:00 2:24 4:48 7:12 9:36 12:00 38

Bpemsa, y4:mm



OrHectomkocTb [NTKM

00:00:00:00 00:00:00:00

Nk ?

] U

Eucmaneumudﬁom \

00:00:00:00
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3rotosneHue [NKM

Y Hac ecTb cBA3yOLlee

/

OaHa ctaamna B

[porpamma oTBEPKAEHMA [locTOTBEPNKAEHME
[lononHuTenbHas o6pa60TKa/

A
4 Bbibop ncnbiTaHUM B
CovicTea MKM Hapeska obpasuos
nntenbHblie ncnbiTaHMA
< KBanndpukauma matepmana 4




[TomeHeHne GTaIOHNUTPUNOB

dnemeHTbI gBUraTenei Bo3Bpalyaemble KOCMUYECKMe annaparbl

Mopcxaﬂ TEXHUKa C BbICOKUMU
TpEGOBaHMﬂMM K ropto4yectu

><
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[lepBble NPOAYKThI

JlonaTtka Komnpeccopa (Cyxaa npedpopma, yrnepogHoe BOJIOKHO, apaMUAHbIi BuHaep)

Cyxas npedopma foToBasa nonatka

42



DN1eKTPOaAKTUBHbIE NOJIMMEpPHI

NONMMEPHbIE 3/IEKTPOAKTMBHbIE MaTepuanbl, CnocobHble
GYHKUMOHNPOBATbL B XKECTKUX YC/IOBUAX (BaKyyM KOCMOCA)

MonunaneKkTponnUTHan membpaHa: o3 N
‘,;. —
@N/ ;.._. -
I e @
®
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o
INeKTPOabl: ol
E ® / * i
F N fzians sangvany
\<~)<)\ * [ \> BF, + SWCNT i. %Z.'L i
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3D-neyaTb

FDM (fused deposition modeling):

LCD-3KpaH

— ATRRY % - e
{ N X = n
44 T Val §
) A A < u G
\ A\ N3 s . <
J J [ 3
uv el =
-n a M I-I a SEM HV: 20.0 kV WD: 16.01 mm VEGA3 TESCAN
View field: 1.70 mm Det: SE 500 pm
SEM MAG: 301 x  Date(m/dly): 12/05/17 MSuU




Crepeonutorpapus




3D-nevyaTb 31eKTpoa0B

MNpeanoxeHHbIn noaxod 3D-nevyaTy MOHHbIX DAl aKTyaTOpPOB.

PacnonokeHue anekTposa
B CTepeoninTorpadpuyeckom
3D-npuHTEpe

s

3D-nevyaTb MembpaHbl Ha
NMOBEPXHOCTM 3/1eKTpoAa

o
3D-nevyaTb 371EKTPOAa & &
METOZLOM NOC/I0HOro CoefnHeHWe ABYX
HanaBaeHUs CUMMETPUYHbIX YacTeil B OAMH

aKTyaTop




KoHuenuua 3D-nevyaTn ¢ UCNO/Ib30BAHNEM
$TANOHUTPUNBHOTO MOHOMEPA ABOMNHOIO OTBEPKAEHMUA

.........................................................................................................

doTononnmepusayus Tepmunyeckoe
nocToTBepXxXAeHue




MuKkpodoTtorpadmumn POM

A
L A,
3D printing post-curing

SEM HV: 30.0 kV WD: 37.98mm | |
BI: 7.00 Det: SE

SEM HV: 30.0 kV WD: 35.01 mm |
Bl: 7.00 Det: SE




McnbiTaHWe Ha ropeHue B NJ1IaMeHU ra3oBOMN ropesiku

AMPNO e | AMPN40
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