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YBa)XxaemMble UMTaTeny,
B 9KCMO3ULMIO BOLLAU MOAHOTEKCTOBbIE AAEKTPOHHbIE U3AAHUS
n3 3bC «AaHb» U HayuHoM aneKTpoHHOW BubAanoTeku Elibrary,
AOCTYN K KOTOPbIM OCYLUECTBASIET HaLll YHUBEPCUTET.

AAS paboTbl HE06X0AMMaA NMPEABaPUTEAbHAA pernucTpaLms
c IP-appecoB YAI'TY.
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Poccutickuit naccaxupckuit nainep MC-21.
Kpbuibs 1 Gro3eisik BRIIMOTHEHBI U3 MOTUMEPHBIX KOMIIO3UTHBIX
MaTepUaioB.




A3poKoMMNo3nT B YAbAHOBCKE

[Tpu pa3zpaboTke MEePCIIEKTUBHOTO
OTE€YECTBEHHOTO CPETHEMArucCTpalibHOTO JIaiiHepa
MC-21 OObenuHeHHas aBHACTPOUTEIIbHAS
koprioparusi (ITAO «OAK») cnemana BbeiOOp B
MOJIb3Y CO3/IaHUs COBEpPIICHHOTO
aYPOAMHAMUYECKOTO KpbLJJa M3  TMOJMMEPHBIX
KOMTMO3UIIMOHHBIX MaTepuanioB ([IKM).

K ero pazpabotke u co3nanuto B 2008 rogy
MIPUCTYINIIA KOMITaHUS «AspoKomrmiozur»,
craBmias nepBbiM Llentpom kommerenmuii [TAO
«OAK» B cepe MHHOBALMOHHBIX Pa3zpabOTOK U
MTPOU3BOJICTBA AIIEMEHTOB KOHCTPYKLIHA
BO31yIIHBIX cynoB n3 [TKM.

VYnbsSHOBCKasl IMTPOU3BOACTBEHHAS IUIOIIAIKA
cTajia IEPBBIM 3aBOJIOM B MUPE, TJI€ UCIIOJIb3YETCS
MH(QY3MOHHAs TEXHOJOTUS TMpPH HW3TOTOBJICHUU
CUJIOBBIX JJIMHHOMEPHBIX JJIEMEHTOB KOHCOJIU
KpbUIA CaMOJIETa.




CPELOA
PA3SBUTUA
M MNO3HAHUA




[apmmn, A. I1. KoMmno3uninonHbsie MaTepuaibl B MAIIMHOCTpOoeHUH. KepaMuueckue Marepuasl :
yueOHoe nocobue juist By3oB / A. I1. Iapmun, I I1. 3aitiieB. — Cankr-IletepOypr : Jlans, 2021.

— 412 c. — ISBN 978-5-8114-7511-7.
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KOMINO3NUNOHHbBIE
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ﬂAHh

B kHuUre wu3J0)K€HBI OCHOBHBIC ATambl TEXHOJOTHUH
MMOJIYUCHHUA W IIPUMCHCHHUS KCPAMHMKHM Ha OCHOBC

TBEPABIX n TYTOINIABKHUX COGI[I/IHGHI/Iﬁ B
MallIMHOCTPOCHUMH, CTAaHKOCTPOCHUMH, ABUT'aTCIIAX,
PAKECTOKOCMUYICCKHX, ATOMOSHCPICTUICCKUX n

3aIIMTHBIX ~ KOomIulekcax. llokasana  B3auMOCBS3b
3aKOHOMEpHOCTEN (OPMUPOBAHUS CTPYKTYPHI, COCTaBa
M CBOMCTB  MAIIMHOCTPOUTEIBHOM  KEPAMUKH,
OTIMYAIOWIENCS  JKCTPEMAIIBHBIMM ~ CBOMCTBAMHM W
HAaJIe)KHOCTBhIO0. KHMra mpegHasHadyeHa JUisl CTYJICHTOB
BBICHIMX YYEOHBIX 3aBEICHHM, OOyYarolmuxcs 10
nporpammaM  OakajaBpyata M MarucTparypsl
HaITpaBJICHUI IIOATOTOBKU «KoHcTpykTOopcko-
TEXHOJOTUYECKOE 00ECTICUeHNE MAIIMHOCTPOUTENBHBIX
IIPOU3BOIACTB», «MarepuamoBecHUE U TEXHOJIOTUH
MarepuaigoB». PexoMeHayeTcs I UHKEHEPOB-
TEXHOJIOTOB, KOHCTPYKTOPOB M HAYYHBIX PAOOTHHK.


https://e.lanbook.ru/book/202157

Comnres, O. I1. CnenuansHaplie MaTepuaisl B MammHocTpoeHuw : yueonuk / FO. I1. Connnes, E. U.
[Ipsixun, B. 1O. ITuupaitnen. — 2-e uzna., uctp. u gon. — Cankt-IletepOypr : Jlanp, 2019. — 664 c.

— ISBN 978-5-8114-3921-8.

BAKANNABPUAT

CIELMAABHBIE
MATEP/AAbBI
B MALLVHOCTPOEHNIA

N35m0keHbl OCHOBHBIE 3aKOHOMEPHOCTH CTPYKTYpbl U CBOICTB
MaTepHAJIOB, IPUMEHSEMBIX B PSIA€ CHEHHAIBHBIX OTpaciei
MalIMHOCTPOEHUA. PaccMOTpeHbl Mapku M OOJAacCTH NPUMEHEHUS
BBICOKOITPOYHBIX KOHCTPYKIIMOHHBIX CTAJIEH, XJIAJOCTOMKUX CTalled U
CTajel KPUOTCHHOM TEXHUKH, KOMIIO3UIMOHHBIX W IMOPOLIKOBBIX
MaTepHAJIOB, CYIOCTPOUTENIbHBIX KOPIYCHBIX CTalled M CTaJel i
JeTOBBIX TIaT(GOopM, KepaMHUUYECKUX M M3HOCOCTOMKHX MaTepHalioB,
MaTepHAJIOB I NUIIEBOW MPOMBIINUIEHHOCTH. [IpuBeneHbl MeTombl
OLICHKM KOHCTPYKIIMOHHOM MPOYHOCTH METAUIOB M NyTH €€
noBellieHus. PaccmoTpeHbl cBoWcTBa W 00JacTH  NPUMEHEHMS
MaTepHuaioB CIEUAJILHOTO Ha3HAYECHUS: MarHuTHBIX |
AIIEKTPOTEXHUYECKUX, CBEPXIPOBOIAIINX, C OCOOBIMU TEIUIOBBIMU U
VOPYTMMH  CBOMCTBAMH, METAJJIOB C MNaMiAThlO (QOpMBI, pa-
JUAlMOHHO-CTOMKMX W amop(dHbIx  MmarepuanioB. 3moxkeHa
METOJIOJIOTHSI M TMPUHUUIIBI BBIOOpAa MaTepUANIOB JJII KOHKPETHBIX
U3EIMi W € y4eToM pabouyux YCIOBUHM HUX NPUMEHEHUS.
PekomeHnoBaH B KayecTBE Y4YEOHMKa Il CTYAEHTOB M aCIHUPAHTOB
MalIMHOCTPOUTEIBHBIX M OOIIETEXHUYECKUX BY30B. MoeT OBbITh
IIOJIE3EH CTYIEHTaM, 00y4YarOIUMCS [T0 CMEKHBIM CHEUAIBHOCTM, a
TaKKe MPEernofaBarensiM, HMHKEHEPHO-TEXHUYECKUM paOOTHHUKaAM
3aBOJIOB, HAYYHO-UCCIEI0BATENbCKUX U MPOEKTHBIX OpraHu3aui.


https://e.lanbook.ru/book/118630

Barpaxos, B. B. TexHonorusi mpou3BoACTBa U3ICIINI U3 KOMIO3UTOB. TpaHCcpepHbIE METOIbI
dbopMoBanus : yueoHoe nocodue / B. B. barpako. — Kazans : KHUTY-KAU, 2018. — 184 c.

— ISBN 978-5-7579-2327-7

B.6. GATPAKDS, B.H. XATMYARH, 1.10. KOHCTAHTHHOB

TPAHC®EPHBIE METOfbI POPMOBAHMR

N3AOXEHbI CBEAEHUA O TEXHOAOIMU UIrOTOBAEHUA
AETanen n3 KOMMO3ULMOHHbIX MaTepuanoBs
TPaHCHEPHBIMU MeToAaMU GOPMOBaHUA, KOTOpble B
NMOCAEAHEE BPEMSA HaA4yMHAKT aKTMBHO MNPUMEHATLCA.
[lpeacTaBAEHbl U CUCTEMATU3UPOBAHbI Pa3HOBUAHOCTHU
npoueccoB, LUWPOKO MCMOAb3YEMbIX B COBPEMEHHOM
aBua-, aBTO- U CYAOCTPOEHWUU, @ TaKXe PaCCMOTPEHbI
Crnocoobl M3roTOBAEHUA npedopm. YKa3aHbl
TEXHOAOTUYECKUE npuembil, HanpaBAEHHblE Ha
NOBbILUEHWE KayecTBa U BECOBOW 3POEKTUBHOCTU
KOMTMO3WUTHbIX KOHCTPYKUMW. TIpMBOASITCA CBEAEHMA O

MNPOMbILUAEHHOM NPUMEHEHUN TpaHCHEPHbIX
TEXHOAOTUH dopMoBaHUA " NepCcneKTMBHbIX
HanpaBAEHUSAX UX Pa3BUTUS.

[fpepHa3HaAYeHO AAS OOy4YaloLLIMXCA MO HaMpPaBAEHUIO
b6akanaBpunata 24.03.04 "ABuactpoenue" n 22.03.01
"MartepuanoBeAeHNE U TEXHOAOTMN MaTepranoB”.


https://e.lanbook.ru/book/149561

MamonToB, B. A. HagexxHOCTh 1 0€3011aCHOCTh MPHU NPOU3BOACTBE U TPUMEHEHUN MOJIUMEPHBIX
KOMITO3UITMOHHBIX MaTepualioB : yueOHoe nocooue / B. A. Mamonros, E. C. Hukonuna. —
Mocksa : MI'Y umenn M. B. JlomonocoBa, 2014. — 128 ¢. — ISBN 978-5-19-010939-9.

B.A. MamMOHTOB, E. C. HukonuHa

HAQLEXHOCTb U BESOMNACHOCTDb

nPU NPON3BOACTBE U NPUMEHEHUU
MOJIMMEPHbIX KOMMO3ULUWOHHbLIX MATEPUAJIOB

MSAaTeﬂbCTBO MockoBckoro yHUBepcurtetTa

YYEBHOE NOCOBMUE

HNTATb

Y4ebHoe Mmocobue MOCBAIIEHO BOMPOCAM HCCIEAOBAHMUIMA,
pa3pabOTKM M SKCIUTyaTallui MHHOBAIIMOHHBIX MaTepHAIOB.
PaccmoTpensl momMepHbIe KOMITO3UITMOHHBIE MaTepralibl
Pa3IMYHOTO HA3HAYCHHWS C TOYKH 3PEHUS KPUTEPHUEB
AKCIUTYaTal[AOHHOM  HAJIEKHOCTA M DKOJIOTHYECKOMN
Oc3omacHoCTH. Vcnob30BaHNE METOJIOB aHAJIM3a, OICHKH
W yIpaBiIeHUS TEXHOTEHHBIM M JKOJOTHMYECKHM PHUCKOM B
KU3HEHHOM IIMKJIE MaTepuana, TEXHOJOTHH II03BOJISCT
00eCleYnTh TEXHUUYECKOE Pa3BUTHEC C HAWNMEHBIINM
puckoM. IlpegHasHauyeHO IS CTYACHTOB, aCIHUPAHTOB,
OakamaBpOB, MAarucCTpoB OOYYAIOMMXCS IO MpoTrpaMMaM
mpodeCCHOHATBLHON  MOATOTOBKH IO  CICHUAIBHOCTH
«Texnonorus OpTraHNYECKHUX KOMITO3HITHOHHBIX
MaTepHajIoBy, 110 PO HITIO ITOJTOTOBKH
«DyHKIIMOHAIBHBIC HAHOMATEpPHaIbl W BBICOKOYHCTHIC
BEIIECTBAY. YYeOHOE mocoOMe MOXET OBITh IOJIE3HO
IIPEIToIaBaTeIIsIM BBICIITHAX y9IeOHBIX 3aBeICHUM,
CIIeIIAINCTaM ITPOMBIIIIICHHBIX PEANPUATHN n
MIPUPOAOOXPAHHBIX OPTAHOB.


https://e.lanbook.ru/book/96194

Komonos, B. M. KoMno3unuoHHbIE TTOTMMEPHBIE MaTepHaNbl B PAKETHBIX JBUTaTEIIIX TBEPIOTO
TOILIMBA : yueOHoe nocodue s By30B / B. U. Komonos, B. B. Kogonosa-UyxoHniesa, M. P.
Koponesa. — Cankr-IletepOypr : Jlans, 2022. — 176 ¢. — ISBN 978-5-8114-8505-5.

KOMINO3NUMNOHHBIE
MOAVIMEPHbBIE MATEPUAADI
B PAKETHbIX ABUTATEASIX
TBEPAOTO TOIAVIBA

E.LANBOOK.COM

UNTATb

B yyebHOM nocobMM WM3NOXEHbI COBPEMEHHbIE
NPeACTaBAEHUA O MaTe-puanax, NPUMeEHSAEMbIX NMPU
M3rOTOBAEHUU  paKeTHbIX ABuratenen  (PATT),
paboTaloWmMXx Ha CMECEBbIX TBEPAbIX PAKETHbIX
TonamBax (CTPT), a Takxe 0 npoueccax,
NPOTEKAKLLMX C COOTBETCTBYIOLLMMU MaTepraraMu
B XxoAe 3kcnayataumn PATT. boAbwioe BHUMaHUE
YAEAEHO OCHOBaM PU3UKU U XUMUU NOAMMEPOB, a
TaKXe OCHOBaM [MOAyYEHMA WU CBOMCTBaM
KOMMO3ULUMOHHBLIX  MOAWU-MEPHbLIX  Marepuanos
(KMM). MpuBepeHbl cBepeHUs 06 UCMOAb3yEMbIX
HOBbIX  Marepuanax, BKAKOUaA MaTepuansbl,
MOANOULMPOBAHHbIE HAHOCTPYKTYpamun. [loKka3aHbl
BO3MOXHbIe NyTM Nepexopa OT XUMWUYECKUX
PaKETHbIX ABUratener K GOTOHHbIM ABUIATEASM.


https://e.lanbook.ru/book/197462

Peiarau, H. A. IIpoexkTupoBaHue U U3rOTOBJICHUE aBUALIMOHHBIX KOHCTPYKIUH U3
KOMIO3UIIMOHHBIX MaTepHrasioB : yueoHoe nocodue / H. A. Peiaray, K. H. bo6un, H. B.

KypnaeB. — HoBocubupck : HI'TY, 2019. — 84 c¢. — ISBN 978-5-7782-4085-8.

MinherepeTao wayki 1 spicinero oGpasosains Pocenfickoi Meaepam
HOBOCHBHPCKHIT FOCY AAPCTBEHHBI TEXHHYECKUI YHUBEPCUTET

B yuebHOM nocobum onucaHbl MNPUMEHEHUE
KOMMO3NLUMOHHbIX MaTtepnanoB B TMPOU3BOACTBE
H.A. PBIHI'AY, K.H. BOBUH, H.B. KYPJIAEB NETATEAbHbIX arnnapartos, CBOWCTBA
KOMMO3NUNOHHbLIX MaTepHnanoB U KNX UCXOAHbIX

ITIPOEKTUPOBAHUE

M IBTOTORJIEHUE : KOMI‘IOHveHTOB, a TakXe TEXHOAOTMW U3rOTOBAEHUA

ABMA;IIP(IgHHI(:)I;( KOP(I)%TPII’YKHHH U3AEAUN U3 KOMMO3ULUMOHHbIX MaTepuanoB, UX

13 KOMITO3ULIMOHHbIX =

MATEPHAJIOB MexaHU4Yeckon o00paboTkn u COOPKU TOTOBbIX

. . KOHCTPYKUMA. B nocobun M3NOXKEeHa TEXHOAOTUSA
TBCPHAICHO PENaKIHOHHO-H3IATC/ILCKHM COBETOM YHHBCPCHICTA

BB R MPOU3BOACTBA CTEKAAHHBIX, YIAEPOAHbIX, OOPHbIX

M OPraHUYECKUX BOAOKOH, OMUCaHbl OCHOBHbIE
NOAMMEPHbIE MaTpULbl, a TaKXe TEeXHOAOIMsA
dopmoBaHMa. [lpepHa3HaAYeHO AN CTYAEHTOB,
e 0byyaloLMXCs NO CNeunaAbHOCTAM «TexXHMUYeckas
S9KCNAyaTauusi  AeTaTeAbHblIX  annapatoB U
ABUratenen» 1 <ABUaCTPOEHUED.

YNTATb


https://e.lanbook.com/book/152187?category=938

[Nanmuackas, O. O. [IpoekTupoBaHUE 3IEMEHTOB KOHCTPYKIIMN PaKeTHBIX KOMIUIEKCOB M3
KOMITO3UITMOHHBIX MaTepuaioB : yueoHoe nocodue / O. O. Nanunckas. — Cankrt-IleTepOypr :
BI'TY "Boenmex" um. JI.®. Yerunona, 2014. — 95 ¢. — ISBN 978-5-85546-803-8

0.0. TATHHCKAA

NPOEKTHPOBAHHE
JJEMEHTOB KOHCTPYKLHI
PAKETHBIX KOMILIEKCOB
H3 KOMIIO3HIIHOHHBIX MATEPHAJIOB

UNTATb

N3n0XK€eHbl METOIONOTUYECKAE OCHOBBI W IPUHIIUIIBI
MIPOCKTUPOBAHUS JJIEMEHTOB KOHCTPYKLIHWM aBHA- U
PAKETHOW TEXHHWKH W3 KOMIO3WIMOHHBIX MATEPHUAJIOB
(KOHCTPYKIIMOHHBIX MAaTE€pPUAIOB C MPOCKTUPYEMBIMU
CBOWCTBaMH), oOagaronmx BBICOKAM
TEXHOJIOTMYECKUM COBEPIICHCTBOM M TEXHOJIOTMYECKOU
PallMOHAIIBHOCTBIO. /(711  CTYyIEHTOB, MaruCTPaHTOB,
aCIUPAHTOB, OOYyYaIOIIMXCS IO  CHEHHATbHOCTIM
"Pakeroctpoenune" wu "CraproBble M TEXHHYECKHUE
KOMILJICKCHI PAKET U KOCMAYECKHUX armaparon'.


https://e.lanbook.ru/book/63679

JIuxaués, A. H. [IpumeHeHne TONMMEPHBIX KOMIIO3UIIMOHHBIX MAaT€PUAIOB B U3/ICIIHSIX

aBUAITMOHHO-KOCMHYECKON TeXHUKH : yueOHoe nocooue / A. H. Jluxau€B. — Canxkr-IletepOypr :
BI'TY "Boenmex" um. JI.®. Yerunona, 2017. — 51 ¢. — ISBN 978-5-906920-46-1.

B mocobGuu,  COOTBETCTBYIOIIEM  Yy4EOHOM
A.H. THXAYER nporpaMmme 1o kypcam  "l[IpoexTtupoBaHue
a5ieMeHTOB PJ[ M3 KOMITO3UIIMOHHBIX MaTepuaioB"
n "llepciEeKTUBHBIE TEXHOJIOTMM B SHEPrETHKE",
PACKpBIBAIOTCSl BOIPOCHI, CBSA3aHHBIE C BBHIOOPOM,

NMPHMEHEHHME MOJIMMEPHBIX OIIEHKOU IIPUMEHSAEMOCTH 151 000CHOBaHUI
KOMMNO3HIIHOHHBIX
MATEPHAJIOB B H3IETHSIX WCIIOJb30BaHUSI B KOHCTPYKIMSX AaBHUAIIMOHHO-
ABHAUHOHHO- KOCMHUYECKON TCXHUKH COBPEMCHHBIX
KOCMHYECKO#H TEXHUKH

KOMITO3MIIMOHHBIX MaTepuayioB. [{ns CTyAEeHTOB,
00y4aroIIuxcs 10 CIIEIUAIBHOCTIM
"OHepreTuyeckoe MaIIMHOCTPOEHHE" 17§
"[IpoekTupoBaHHE aBUALIMOHHBIX W PAKETHBIX

JIBUTATEJIEH.

YNTATb


https://e.lanbook.ru/book/121831

Muxatinus, FO. A. BoJoOKHHCTBIE TOJIMMEPHBIC KOMITO3UIIMOHHBIC MaTEePHAIbl B TEXHUKE :
yueoHoe nocobue / 0. A. Muxaitnun. — Cankr-IletepOypr : HOT, 2013. — 720 c. —

ISBN 978-5-91703-037-1.

Muxananu 1O.A.

BOAOKHWMCTBIE
MOAVMEPHDbIE
KOMIMO3MUMOHHBIE
MATEPUAABI B TEXHWKE

YNTATb

B kHure paccMOTpeHbl NPHUHIMIBI CO3AaHUS, COCTaBblI,
TEXHOJIOTUYECKUE CIOCOOBl  MepepadOTKH  TMOJIMMEPHBIX
KOMITO3UIIMOHHBIX MAaTe€puajoB, B OCHOBHOM, MCIOJIb3YIOIMINX
B KAaueCTBE HAIOJIHUTENEH HENpPEepPhIBHBIE BBICOKOIIPOYHBIE
BBICOKOMOJTYJIbHBIE BOJIOKHA U (POPMBI U3 HUX (HUTH, KIYTHI,
JICHTBHI, TKaHHW), KOHCTPYKIIMOHHBIX TEPMOPEAKTUBHBIX U
TEPMOILUTACTUYHBIX BOJIOKHUCTBIX MOJIMMEPHBIX
KOMIO3UIIMOHHBIX ~ MarepuaiioB (BIIKM, apmupoBaHHbIe
[TKM), cTekio-, opraHo-, yriermiacTUKOB, MOJUBOJTOKHUCTBIX
(ruopuaneix) BITKM, MHOrociaoWHbIX (CymepruOpHIHBIX),

COTOBBIX, OpOHEBBIX, PaTNOdKPAHUPYIOIIHUX,
PaMONOTIIONIAOIINX, MUPOIU30BAHHBIX, TEIIO3AITUTHBIX,
WHTEJJIEKTyaIbHBIX, HAHOKOMITO3UIIMOHHBIX. Oco0boe

BHUMAaHUE B HU3JaHUM yaeleHo mnpuMmeHeHuto BIIKM B
Pa3IMYHBIX O0NACTAX TEXHUKH (B aBTOMOOHMJIECTPOCHUH,
CaMOJIETOCTPOEHUH, BEPTOJIETOCTPOCHHNH,
ABHAJIBUTATEIECTPOCHUN,  PAKETOCTPOEHWH U JIPYTUX
orpacnsix). Kaura  mnpegHazHaueHa — MarepuaioBeliaM,
TEXHOJIOTaM,  KOHCTPYKTOpaM,  pa3palaThIBalONIUM |
npumensitommum ~ BIIKM,  GakanaBpam u  marucrpam,
00y4JaroIMMCs TI0 COOTBETCTBYIOIIUM CHEIIUATBHOCTSIM.


https://e.lanbook.ru/book/35865

Muxaitnus, FO. A. KoHCTpYKIIMOHHBIE TOJIMMEPHbIE KOMITO3UIIMOHHBIE MaTepuabl /
FO. A. Muxaiinun. — 2-e usn., uctp. u gon. — Caunkr-IlerepOypr : HOT, 2010. — 822

c.— ISBN 978-5-91703-003-6.

AMiocaamm KA

KOHCTPYKLMW
NMOAMMEPHDBIE
KOMINO3UnLIN
MATEPUAADI

2-€ U3AaHMUe

YNTATb

B knure npuBenena wHGOpMANUS O MPUHITUAIIAX CO3TAHMUS,
COCTaBax, CTPYKTYpE, CBOICTBAX, ACCOPTHUMEHTE
KOHCTPYKIITUOHHBIX MTOJIMMEPHBIX KOMITO3UITMOHHBIX
marepuanoB (ITKM), B OCHOBHOM UCIOJB3YIONIUX B
Ka4eCTBE HAIOJIHUTEJEH HEeMpephIBHBIE MUHEPAJIbHBIE,
noJiMMepHsbIe, yriepoubie BoiokHa (BIIKM) u TexcTunbHbie
dbopMbl W3 HUX (HWATH, JIEHTHI, TKaHW). PaccMoTpeHs
apMUPOBAHHBIE TEPMOPEAKTUBHBIE W TEPMOILJIACTUYHBIC
CTEKJIO-, OpraHo-, YIVIEIUIACTUKH, MOJIMBOJIOKHUCTHIE
(rubpuansie) BIIKM, MHOrocnoiHbie MeTaJlI-TIOJTUMEpPHBIE
(cymeprubpuanbie) Marepraiibl. Ocoboe BHUMaHHE YIEICHO
IIPUMEHEHUIO KOHCTPYKIMOHHBIX BIIKM pasnuunbIX TUIIOB,
HKOHOMHYECKHM BOIpPOCAM pa3pabOTKU ¢ MPUMEHEHUS
BIIKM. Kuura agpecoBaHa cnenuajiucTam, CBA3aHHBIM C
pa3paboTKOM, COBEPIICHCTBOBAHUEM U IEepepadOTKON B
mnenus  BIIKM B pa3nmuuHbIX  00JacTAX  TEXHUKH,
CTYIEHTaM, MarucrpaM, aclupaHTaM, U MOXET ObITh
UCITIOJIb30BaHa MpenojaBaTeasiMiu (aKkyJIbTETOB IMOBBIIICHUS
KBUIM(PUKAIUA  WHXKEHEPHOTO  COCTaBa  OTPACIEBBIX
MIPOU3BOJICTB.


https://e.lanbook.ru/book/4305

HAYYHAS SAEKTPOHHAS
BUBAUOTEKA

LIBRARY.RU




KoMMNOIHUWHOHHBIE MOTEPHOALI
N

Haynas craTes

YIK 6TEE
DOI: 10.18377/2307-6046-2022-0- | -66-75

OCOBEHHOCTH TEXHOIOIHH H ITMOJIHMEPHBIE KOMITOSHIHOHHLIE
MATEPHAJIB JLIA H3NOTOBIEHHA KPBLUILEE HEPCIEKTHBHEIX
CAMOJIETOB (ofop)

ILH. Tumowsos', BA. Fownapos’, M. Yeauesa', A B. Xpynxoa'
! HHII «Kypaaroscini snctiTyT: — BHAM, Mocksa, Pocen; admindviam.m

Annomayun: Kpuies cavatemos Boeing 787 w Airbus 350 izzomariuemom wemodaw
ﬂmnuamﬂmumﬂm'i ERIKTIORT UT HF‘HP&'(‘M [ ﬂﬂ:lﬂﬂ}mﬂ.‘( AEMWC TAENALM @F‘(mﬂ&lf.
B Gmeweaiue codw kownasn Boeing w Airbus migsupyiom savewy cavotemos 737 w A320,
ROFNANY HeGGXoMMG PaIPatomants HOGRE MAMEPLATA § MEXHATOMN, YOG 0OECnENLmy
npouzgadcmen sodvimey cvdos & xonecmee 100 wom. & wecmy. [ enedpenus woswy
RPOYECCOR 1 MAMEPILIOE NPOSOORMER UCCSOOBINIR N0 BWO0PY CERIVIOWERD 1 HANOIHEMETET,
OMPAGOMKE RPOYECcd BIKYEMHOU RPONMMKY, OMSEPNCOENNA U QEMOMAMUIAIL C YETHO
ROSHLENIR HODENCHOCME, VOROPENR NPOYECca I CORPAUERUR RPO0OTICIM ETEROTIMN UK.
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ﬂmnuamﬂmumm d'uxradn:a, HPEHPE.W, SO IATHOE gﬁapuamne, n'cuda-urnme.raﬂacma
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A yuminposenus: Twsomkoe [TH., Towwapos BA, Yemwesa MH., Xpyneeos A B, Ocofenmoctn
TEXHONOMHE H TOUHMEPHEIC KOMOOTHUHOHHEIE MATCPHANE 18 HITOTOEMCHHA KPLUILEE NEPCHISKTHEHEIX
camonetos (063 Tpymaa BHAM. 2022 Ne 1 (107). Cr. 07. URL: hntpewwwviam-works . DOI:
L0 UBSTT/2307-604 22-01-1-66-T75.
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FEATURES OF TECHNOLOGY AND POLYMER COMPOSITE MATERIALS
FOR THE MANUFACTURE OF WINGS OF ADVANCED AIRCRAFT (review)

Pavel N. Timashko' Vitaly A. Goncharov', Maria N. Usacheva’, Alexander V. Khrulkov'
'WRC wKurchatov Instifutes — VIAM, Moscow, Russia; admin@viam.m

Abstract: Today. the wings of Boeing 787, Airbus A350 aircraft are made by auwtomared
laving out af prepregs with subsequent antoclave molding. Boeing and Airbus plan to replace
the 737 and A320 aiveraft in the coming vears, and new materials and technologies need to he
developed to ensure the production of these aircraft in the amount of 1) pieces per month. To
introduce new processes and matevials, research is being carried out on the selection of a
binder, reinforcing fillers, development of the vacuum impregnation process, curing and
automation in ovder to increase reliability, speed up the process and reduce cycle time.

Keywords: polvimer composite materials, vacuum influsion, awiomated laving ows, prepregs,
autoclave molding, cycle time

For citation: Timoshkov PN, Goncharov V.A_, Usacheva MM, Khrulkov AV, Features of technology and
polymer composite materials for the manufac f wings of advanced aireraft (review). TAM,
2022, no. 1 (107, paper no. 07, Available at: http:waw viam-works no. DOL: 1001B577/2307-6046-2022-0-1-
66-75.
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Tumowxos, I1. H.
Ocobennocmu mexnono2uu U noIUMepHbvle KOMNO3UYUOHHbLE
Mamepuanvl 0Jisl U320MOGIeHUs KPbLIbEE NePCHeKMUBHbIX
camonemos / I1.H. Tumowxos, B. A. 'onuapos, M. H. Ycauesa,
A. B. Xpynoroe // Tpyovt BUAM. —2022. - Ne I. — C. 66-75.

Kpeuibst camonmetoB Boeing 787 wu  Airbus A350
W3TOTaBIUBAIOT METOJIOM ABTOMAaTU3UPOBAHHOM
BBIKJIAJIKH W3 TIPETIPETOB C MOCIESIYIONUM aBTOKJIABHBIM
dbopmoBanriem. B Onrokaiiiiue rogsl koMnanuu Boeing u
Airbus mnanupyror 3ameny camonetoB 737 u A320,
MOATOMY HEOOXOAMMO pa3paboTaTh HOBBIE MAaTE€pUAJIbI U
TEXHOJIOTUH,  4YTOOBI ~ 00ECHEYUTh  MPOU3BOJACTBO
BO3YIIHBIX cynoB B konuuectBe 100 mit. B mecs. s
BHEJIPCHUS  HOBBIX  MPOIECCOB W  MarepuajioB
IIPOBOAATCSL MCCIENOBAaHUSI MO BBIOOPY CBSA3YIOIIETO U
HaNoJIHUTENEH, OTpabOTKe TMpolecca  BaKyyMHOMH
MPOMUTKH, OTBEPKACHUS W ABTOMATU3AIMU C ILEJIbIO
MOBBIIICHUS] HAJIEKHOCTH, YCKOPEHHMsI IMpolecca u
COKpAILEHHS MPOIOKUTEILHOCTH ITUKJIA.
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KOMNOIMUHOHHBIE MATEPHOABI

VAK 678.8

B.A. Tonuapos', I1H. Tunownos', M.H. Veaueea'

MEPCHEKTHBbBI ITPOH3BO/ICTBA
KPYITHOTABAPHTHBIX ABHAIIHOHHBIX JIETAJIE
H3 NOJMMEPHBIX KOMIO3ZHIIHOHHBIX MATEPHAJIOB (of30p)

DOL: 10.18577/2307-6046-2021-0-12-55-62

B nacmosiwee epema kpuiing 018 cavoremos Boeing 787 u Airbus A350 uscomaguemom uz
NOIUMEPH WX KOMROTUYUOHHBIX MUMEPUAIOE & suge Npenpesos Ha OCHOse y‘:le;x)onm'a BOIOKHA,
WAOMOBKY U KOMopwx hopuviom & asmoxiage. Oxcudaemcs, wmo x 2025-2030 2. Gvovm
GRMUGHO NPUMERANTE MEMOO SAKYYMHOM UHGIYIUL, WMo nompedyem nposeoerus 2100aTHb
UceTed0sanuil o GWOOPY CERIVIOWUX 1 APMUPVIOWUN MamEpuaios, ompadomke npoyecca
GAKYVMHOL NPONUMKI U OMEEPNCOCHIUR, AEMOMAMUALUL I OCBOEHINO HOBBLY MEXHOTOAUNECKILY
MEMOJ0E  EWKIGOKU  JA20MOGOK  Oemaietl,  YCROPEHWO  NpONEcca M COKPaueHin
IIP()(’O.'I.WM&-IEHD('MM Yuxaia.

Kuiouesste c1068a: nomuvepunie NOMROIUYUOHNBIE MIMEPULTH, GEMOKIAEHOE DOPMOBAHE,
GAKYVMHAR UHGY 3R, KPBLISR CUMOIENMOR, NPENPE, CERIVIOUUE, HANOHUMEIH, GEMAMamMIBAYLA.,

VA. Goncharov', PN. Timoshkov', M.N. Usacheva'

PROSPECTS OF THE PRODUCTION OF LARGE-SIZED AIRCRAFT
PARTS FROM POLYMER COMPOSITE MATERIALS (review)

Today wings for Boeing 787 and Airbus A350 aircraft are made of polvmer compasite
materials in the form of prepregs based on carbon fiber, the blanks of which are molded in an
autoclave. It is expected that by 2025-2030 will actively use the vacuum infusion method, which
will require global research on the selection of binding and reinforcing materials, development
of the vacuum impregnation and curing process, automation and development of new
technological methods for laying out workpieces of parts, accelerating the process and
shortening the cycle time.

Keywords: polymer compasites materials, autoclave molding, vacuum infusion, aircraft
wings, prepregs, resin, filler. automation.

'eaepaanoe TocyaapeTsentoe ywirapioe npeanpuaTie «Beepocciiickuii saysso-ncencaosare ek
MHCTHTYT aBIAUNOHHEIX MATEPHAn0B» HAMORAILHOND HCCACIOBATETLCXOMO tienTpa  «Kypuatoscxuii
ety [Federal State Unitary Enterprise «All-Russian Scientific-Rescarch Institute of Aviation Matenals»
of National Research Center «Kurchatov Institutes|; e-mail: admin(@viam.ru

Baejenne

ABHALHOHHLIE  KOMCTPYKIHM, HITOTARMHBAGMBIE M3 MATEpHANOB HA  OCHOBE
YITIEPOIHOTO BOJIOKHA H NOTHMEPHOTO CBA3YIONISTD, HCTOAL3YIOT AOCTATOMHO AABHO, O/IHAKD
HX NPOM3BOJACTRO HHKOIIAa HE POCIO TakHMM TEeMIAMH, KOTOphe OKHAAOTCR /I8
NPOHIBOJICTEA JeTaneii /U1 Y3K0(I03eNAKIBIX CAMOICTOR CIETYIOUIEr0 NOKO/ICHHA.

Ha orkpermun Meacaynapoanoro asuaimonio-xocmuueckoro canona MAKC-2021
Baasup [yt otmenion ocoGyio BAAHOCT: COIAHNA ABMALMONHOIN TEXHIKH JU18 Haweii
Geckpaitneit ctpanst [1]. Hecomnenno, 4ro HOBle KOHCTPYKIHH NETATENLHLIX ANMNAPATOR
(ITHAOTHPYEMEIX CAMOIETOB, OSCHHIOTHHKOB, CBEPXIBYKOBBIX H HeOOILUINX PEersOHAILHBIX
CaMOIETOB) OYIYT COYIABATH C HCNOTL3OBAHHEM HOBLIX TOJHMEPHBIX KOMIOIHIHOHHBIX
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Tonuapos, B. A.
Ilepcnexmugul npou3go0cmea KpynHo2adapummslx d8UaYUOHHbIX
Ooemaineil U3 NOAUMEPHBIX KOMNOSUYUOHHBIX MaAmMepuanos (003op) /
B. A. I'onuapos, 11. H.Tumowxos, M. H. Ycauesa // Tpyoer BUAM. -
2021.- M [2. - C. 55-62

B Hactosmiee Bpemsi Kpbuibs it camoiieToB Boeing 787
u Airbus A350 wu3roraBmMBalOT W3 MOJUMEPHBIX
KOMITO3UIIMOHHBIX MaTepHalioB B BHUJIE NPENPErOB Ha
OCHOBE YITIEPOAHOTO BOJIOKHA, 3arOTOBKM M3 KOTOPBIX
dopmyrot B aBTOKIIaBe. Oxkmmaercs, uro k 2025-2030 rr.
OydyT aKTHBHO IPUMEHATH METOJ BaKyyMHOUH MH(]Yy3uH,
YTO MOTpeOyeT MPOBEACHUS TII00ATBHBIX HMCCIICTOBAHUIMA
N0 BBIOOPY CBS3YIOIIMX M APMHUPYIOIIHUX MaTepHUAJIOB,
OTpabOTKe  TMpollecca BaKyyMHOM  MNPONUTKH U
OTBEpKICHUS, AaBTOMATH3allUd W OCBOCHHUIO HOBBIX
TEXHOJOTMYECKHX  METOJIOB  BBIKJIQJKH  3arOTOBOK
JeTaneil, YCKOPEHUI0 Tpoliecca U  COKPAIICHUIO
IPOAOJKUTENBHOCTH LIMKIIA.
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VIIK 6203
CIIOCOB MOBBLIEHHS NOLTOMAIOME CIHOCOBHOCTH
METAJLIOB K HK H3JIVHEHHIO ITYTEM CO3JIAHHUA
HAHOMATEPHAJIAMH INOKPLITHS KAK NIOBEPXHOCTHOI'O
KOMITIO3HTHOI'O CJ101
®ejopos A, A.'. Jmurpuenxo I B.l., Myxuu /1. B.’, Pusun I'. J1.',
Canaes P. A}

1 - sasedviowuit kaghedpon « Camoremocmpoenuey HATY Val'TV, &. Vavsnoscx
2 — npogheccop kaghedper «Camoremocmpoenuey HATY Val'TV, 2. Vavanoeck

3 — ooyenm xagpeoper «Camosemocmpoenuen HATY Val'TV, . Vavanosck

4 — kagpeoput « Camoaemocmpoenuey HATYV Val'TV, &. Vaeanosck

3 —acnupanm 1 200a xadh. «Camosemocmpoenuey HATY Val'TV, 2. Vavsanoscx

Aunorauus, B crarhe npejCTABAEHBL PE3YNBTATBl HCCICAOBAHMA BIMAHMS
HACHILEHUA  NOBEPXHOCTHOrQ  CJHOA  VIVICPOAHBIMM  HAHOTPYOKaMH  Ha
MEXaHM4ecKue CBOMCTBA M M3HOCOCTONHKOCTH  MOBEPXHOCTH.  ABTOPCKHMM
KOJLIEKTHBOM OBUIO NPEAIOACHO CO3/aTh NOBEPXHOCTHAIT KOMNO3UTHLI COii,
HACBIMICHHBIE  VINEPOJAHBIMH  HAHOTPYOKAMM,  MTO  HO3BOAMIONOBBICHTH
HOIIOWAIOLLYIO CHIOCOGHOCTE NosepxHocTH K HHdpakpacHomy (MK) nsnyuento,
MOHU3UTEL TEMIICPATYPY NMOBEPXHOCTH 32 CHET CYLIECTBEHHO DONIEe HHTEHCHBHOIO
OTBO/IA TEILIA OT NIOBEPXHOCTH BIUyOb MaTepHana.

Kurouesnie caosa: yriaepoansie Ranorpyokn, HK-n3nyuenne, n3nococtoiikocts,
MOKPLITHSA, AATE3Hs.

A METHOD OF INCREASING ABSORPTION ABILITY OF METALS
TO THE IR RADIATION BY CREATING A NANO COATING
AS THE SURFACE COMPOSITE LAYER
Fedorov A. A.', Dmitrienko G. V.2, V. Mukhin D. V.2, Rivin G. L.,
Salayev R. AS

1 — head of the DEP. "Aircrafi manufacturing” of Institute of Aviation
Technology and Management Of Ulyanovsk State Technical University, Ulyanovsk
2 — Professor, of the DEP."Aircraft manufacturing” of  Institute of Aviation
Technology and Management Of Ulyanovsk State Technical University, Ulyanovsk
3 —associate Professor of DEP."Aircrafi manufacturing” of Institute of Aviation
Technology and Management Of Ulvanovsk State Technical University, Ulyanovsk
4 —associate Professor of DEP." Department "Aircraft manufacturing” of
Institute of Aviation Technology and Management Of Ulyanovsk State Technical
University, Ulyanovsk

Annotation. The article presents the results of the study of the effect of saturation
of the surface layer with carbon nanotubes on the mechanical properties and wear
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Deoopos, A. A.

Cnocob nogviuienusi no2nowaroweli.  CnocoOHOCMU Memanios

K UK U3NLYHYEeHUI0 nymem CO30aHUs. HAHOMAMEPUALamu NOKPbITNUsL

KaK NOBEPXHOCHO20 KOMNO3UmHoz2o cios / A. A. @edopos,

I'. B. Imumpuenxo, [{. B. Myxumn, I'. JI. Pusun, P. A. Canae¢ // Hayxka,
meopus, NPAKMUKa A8UAYUOHHO-NPOMBIULTIEHHO20 KIUCeEPa
cospemennol Poccuu : cooprux nayunvix mpyoos |V nayumno-
NPOU3800CMEEHHOU KOHpepeHyuu, npuypo4eHHoll Ko JJHio
Poccutickoti nayku u 35-nemuro AO «Ynvanoeckuit HUAT». -

Vavanoeck : Uz0-60 YaI'TY, 2019. - C. 145-151.

B cratbe mpeACTaBIEHBl PE3YNIbTATHl  HCCIEAOBAHUS
BJIMSIHUSI HACBIIICHUSI TTOBEPXHOCTHOTO CJIOSl YIIIEPOAHBIMU
HaHOTpyOKamMu Ha  MEXaHHYECKHE CBOWCTBA U
M3HOCOCTOMKOCTh MOBEPXHOCTH. ABTOPCKUM KOJIJIEKTUBOM
OBLJIO TPEJIOKEHO CO3/1aTh MOBEPXHOCTHBIM KOMITO3UTHBIN
CJIOW, HACBIIICHHBIN YITIEPOJHBIMH HAHOTPYOKaMHU, YTO
MO3BOJIMJIO  TOBBICUTH  MOIVIOMIAONIYI0  CIIOCOOHOCTH
noBepxHoctd kK uH(PpakpacHomy (MK) wusnmydenwuto,
IMIOHU3UTh TEMIIEPATyPy HOBEPXHOCTH 34 CUET CYILIECTBEHHO
00J1ee MHTEHCHBHOTO OTBOJIAa TEIIa OT MOBEPXHOCTU BIITYOb
MaTrepuana.

YNTATb
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MNOJTHUMEPHBIE KOMITO3HIIHOHHBIE MATEPHA.TBI
B ABUACTPOEHHH

A.A. Amunesa, B.A. Ao

Hayunslii pykosoutens — B.A. AjoB, Kanj1. TeXH. HayK, JOLEHT
SlpocaaBckuii rocy/1apCTBEHHBIH TEXHHYECKHIT YHHBEPCHTET

Tposeden anaiuz npusMenseMsix 8 HACMOAWEE BPEMS NOTUMEPHBIX KOMNOIUYUOHHBIX
Mamepuaios 6 asuacmpoenui. Ipueedenst hauboiee nONVASPHBE, NPUMEHAEMBIE 6 AGUANPO~
Mbiuctennocmu mamepuarst uz [IKM.

Knouesvie cro6a: nomvepusie KoMnouyuonisie Mamepiats, aguacmpoenue, Mac-
€a uzdeaus.

POLYMER COMPOSITE MATERIALS IN THE AIRCRAFT
INDUSTRY

A.A. Amineva, V.A. Alov

Scientific Supervisor - V.A. Alov, Candidate of Technical Sciences,
Associate Professor

Yaroslavl State Technical University

The analysis of currently used polymer composite materials in the aircrafi industry is
carried out. The most popular materials used in the aviation industry from PCM are present-
ed.

Keywords: polymer composite materials, aircraft construction, product weight.

Ha cerognamumii aeHb Mbl HaGmiofaeM MPOrpece B NPOMBLIILICHHOCTH 3a
cyeT uenecoobpa3Horo mojxoaa K Beibopy MaTepHana Ans w3jenuii. Bo MHorux
cepax AeATeIbHOCTH HaOMIOIAETCA CTPEM/ICHHE TOCTENEHHOMN 3aMEHbl METAIOB
TNOTHMEPHEIMA MaTepianami. CTORT OTMETHTB, 4TO KOppeKTHBIH BEIGOp 1 noabop
TMOJHMEPHBIX KOMIO3HIIHOHHBIX MATEpPHATOB JUIS PA3HOXAPAKTEPHEIX CIy4aes 3a-
TPYAHEH TeM, 4TO OT/IH4HBIE Mexk1y coboii cBOMCTBA OOLIENPHHATLIX H3BECTHBIX
MATEPHANIOB 1 MOMHMEPHBIX MATEPHANIOB SBHO BHIPAKCHEL

ABHACTPOCHHE ABIACTCA OJHON H3 BBICOKOTEXHOJNOTHYHEIX OTpacieil mpo-
MBIUIUICHHOCTH, IJ¢ AKTYAIbHBIC IOJHMEPHBIC KOMIOZHIHOHHBIC MATCpHAILI
(ITKM) urpatot oTBeTCTBEHHO-BaKHBIE po/iH. [1aBHad 3aj1a4a 57Toii cepe 3aKmoya-

521

Amunesa, A. A.
Tonumeprvle KOMROZUYUOHHbIE MAMEPUATIbL 8 ABUACPOCHUU /
A. A. Amunesa, B. A. Anos // Cemwvoecsim uemaepmas 6Cepoccutickast
HAYYHO-MEXHUUeCKas KOHQepeHyusi CmyOeHnos, MasuCmpanmos u
ACNUPAHMO8 8bICULUX YHeOHbIX 308e0eHULl ¢ MeHCOYHAPOOHbIM
yuacmuem : cO0pHUK Mamepuaios Koupepenyuu. — AHApocraeny :
AITY, 2021. - C. 521 —524.

[IpoBeneH aHaIN3 IPUMEHSIEMBIX B HACTOSIIEE BPEMS
MOJIMMEPHBIX ~ KOMIIO3WLIMOHHBIX ~ MaTrepuajoB B
aBuactpoeHuu. [lpuBeneHsl HamOosee MOMysspHbIE,
IIPUMEHSIEMBIE B ABUAIIPOMBIIUICHHOCTH MaTEPHaJIbl
n3 [IKM.

YNTATb
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PASPABOTKA OBOBLIEHHBIX MATEMATHYECKHX MOJENER MOMTHMEPHBIX
KOMITO3HLIHOHHBIX MATEPHAJIOE, MIPUMEHAEMBIX B ABHACTPOEHHH

€ 2019 B, Omurpuenxo, EH. 3rypanecran, VL Pusuu, A A depopor

YALRHOBCKMH FOCY1APCTBEHHLIE TEXHMYECKMA YHHBEPCHTET,
0BOCoAIEHHOS CTPYRTYPHOR NogpasgeneHie s HHCTHTYT 2BHALMOHHELX TeXHOAOTHA M YIPaBAeH U,
I YibAHOBCK

CTaTha NOCTYNMAA B penakmyn 2208 2019

B cratwe PACCMOTPEHE MATEMATHYECKHE MOAETH 118 AHATHOCTHEH MOAHMEPHLIX KOMNOZHIHOHHBIX

MATEPHAADE PAAHOEQAHOBRIMH METOAAMH.

Fmweasie CRO80; MATEMATHUECKEA MOJENE, NOAHMEDHEE KOMITOIHUHOHHLIE MATENHANEL, ABHACTPOEHHE.

Heenedosaniie ssnoniens npu durancodod noddepuce POOH
u Mpasumenscmaa Yapanoeckol ofnaciu ¢ paMkax kayyxozo npoekma N° 18-48-732005.18

BBEJEHHE

B HacToAlee BPpeMA B ABHACTPOCHHH HCIQIL-
ayvercd GONLLoe KOIMYECTEO KOHCTPYELMOHHEX
H MATEPHANOE PajiHOTEXHHYECKOrD HATHAYEHMA.
OcobeHHo YIANEeTeH HCTIONLIOBAHMA NOIMME]-
HBIX KOMOOIHUHOHHBY maTepuanos (TIKM), xo-
TOPLIE HCTIONBIYIOTCHE M KAK KOHCTD
KAk pagqoTexHiveckye. CeroiHa MCnoib3ylTcs
TEM pasnuuHBy THOOE OT MHOFOKOMITOHEH THLIX
10 MHOMOCAORHBIX W TEAHHBX. Bonswys nomy-
NAPHOCTE NOTYMIHIN MATEPHANLL HA DCHOBE YEe-
POAHEY BOIOKOH. OTIHYHTEABHOA 0CODEHHOCTLID
THaHel M3 YIAePOOHEIY BONOKOH - MX BLICOKAS
TEPMOCTORKOCTE, MECTHOCTE M [POYHOCTE, 8 TaK
e MEKTPONPOBOIHOCTE CPABHMMAA ¢ METALIA-
mu. B npouecce MIroToBaeHHA yrnepogHex [TKM
LIMPORGE PACTIPOCTPAHERHE MOMYSHIO MHEOMOHA-
NpasieHHoe apMHPOBaAHKE, KOTOPOE MOIBOAMIO
YCTPAHHTE YECTHYHO HAM NOIHOCTE AHH3OTPO-
MUK MATEPHANa W J3eT BOIMOKHOCTE Peannio-
BaTh Ja[AHHLIE CBOMCTEA MATepHaNa B pasanu-
HEIX HAMNPABASHUAY y roTosoro wagenms. Tak we
npseHoTea [IKM Ha ocHOBE CTERIOBONOKHA,
HMEHMHY COTOBBE CTPYRTYPLL. TeXHONOrHE HIro-
TOBNEHHA Takuy crpyrryp TTKM wanomenda s [1-8).
Ha uncna [TKM sonokonHbe maTepuansl odnaga-
KT CAMBIMH BLICOKMMH NPOYHOCTHHMH W HECT-
KOCTHBIMH XapPakTepUMCTHEAMM, npH ofsMHoi 1

Avumpuenso Nepyay Bavectasosin, SORMOP INEXHINECKIX
HayK, npogeccop kadedpe «CoMolemormpoekLes.

E-mail: dmitrienko german@yandex.m

Jaypanecxnn Examepera Hurkonaeena, coapuuil npenoda-
gament kapedpsl «Cavonemoompoeies.

Teopenii Jeorudoeus Pusun, Kandudant mEeXHUNECKL HOyK,
doejenm kafedpe «CasmenemormpoeHes.

E-mail: avia@ulst

Pedopos Anexcandp Arercandposun KaHARAEm MEXHIME-
CRLY HayR, dowenm kagedps s$CaMotemomipoeHues.

NOBMILSHHON TeMMepaTypax, HMIKMM kodddu-
LHEHTOM JIMHeHHOID TeMIEPATYPHOIO paciin-
PeHHA M PALOM ApYTHY ceoHcTe. OfseMHan 00ns
BONOKOH B BONOKHKCTE [TKM cocrasnser 60-80

Tpu uenonbaosanue pasnuasex Tinos [TKM
ABHALMOHHLIX H3JETHAX HeoGX0NHMO NPOBOIHTE
BXOAHON KOHTPOAL HX HA COOTBETCTEHE TEXHWYEe-
CHMX XapaKTepHcTHE, JadBIeHHBIX B JOKYMeHTa-
WHH Ha HHX. Cerogua Tnos [TKM Goaswoe Komm-
wecTeo, pazpabarweate no kaxpomy Tamy [TEM
HHOMEHIYAALHYH METOIHEY MPOBePEM A1 npo-
HIBOOCTES AOBOALHO 3aTpaTHo. [na sroro npen-
NArAeTCA MPOBECTH KAACCHHMEKALMID HCMmAIbIye-
MBIX MATEPHANOE HA NPOHIBOLACTES ¢ MOMOLLIO
CHCTEMHOIO 3HANK3A NPOHIBECTH HX FPYIINHPOE-
KY, ¢ UeIbi0 YMEHBIIEHHA PAIMEPHOCTH 330a4H.
B pesynsraTe noaydaem Hedonbiiod HaGop me-
TOOME AHATHOCTHEM MATEPHANos, NOSBOMRIGMLIHK
OXBATHTL BEeCh COERTp Wenoasiyessx TTKM aa
NPOHIBOLCTEE.

OIMHCAHHE 3AJIAMH

lpoBens BCECTOPOHHMHA CHCTEMHBIH AHATWI,
YCTAHOBMCHO:

= [IKM xapaxkTepsIvioTcd CAeIyliMMK napa-
METPAMH: € - HHAICKTPHYECKas NPOHHUAEMOCTE
marepuna, tgd - TAHCeHC YEIE AHATeKTPHYECKHY
noTeps, d - NPOBOIHMOCTS (NOBEPXHOCTHAR NpO-
BOIMMOCTE);

= [TEM HMewT painuyssie TeMueparypHLe xa-
PAKTepHCTHEN.

Hexons M3 NepeddcieHHore CTAaBHTLeA Che-
AYKWEAR 33434387 COCTARIeHHe Bonee TOMHBIN Ma-
TeMaTHILCKHX MOgenel: IeKTPOIHHAMMHYECKHK
M TeMMoBeX Mogenedi gna nondoro oxeata ITRM
HCMOALIYEMOTO Ha MPOM3IBOACTEE, A4 Nposeie-
HHE IHACHOCTHEM MY XapaKTePHCTHE B CBOG0AHOM
NPOCTPAHCTEE,

JImumpuenxo, I B.
Paspabomka 0606wennvix mamemamuyeckux mooeinetl
HONUMEPHBIX KOMNO3UYUOHHBIX MAMeEpPUaos,
npumensiemvix 6 aguacmpoenuu /1. B. /[mumpuenxo, E. H.
3eypanvckas, I JI. Pusun, A. A. @edopos // HUzeecmus
Camapckoeo Hayunozo yenmpa Poccutickoii akademuu
Hayk. - 2019. - T 21, Ne 4. — C. 40-48.

B crarne pacCMOTPCHBI MATCMATHYCCKHNC MOACIN

JJIA JUarHOCTHUKH IMOJIMMCPHBIX
KOMITO3UITMOHHBIX MAaTCpHUaIOB PAAXMOBOJIHOBBIMHA
MCTOAaMHM.

YNTATb
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NEFCNEKTHBER PATEHTHA IOUVIHMEPHLIX
HEKOMINHHOHHEY MATEPHACIOR B CAMOJIETOCTROEHIN

F.B. H-p}tu.u:.. AL Banscun®, EJL Cessenon®

" Ao soarsewe w'e 25473, Poccus

TPl BN B o STy T waril Ao eI TS AR VR T
IR AEKCO AL FAIGITRIT 1f IEAGCY L MITITARLY,

eCaarpa, Pocouw

I AN BO e Maynana e wecseiaosameanexdt Tt
eI e eATl yrmnepctomenrs § TV

& Foavwcx, Pocous

B aasscil craThe pECCMOTPEHED  TEXHOSOIHHMECKHE SCOSKTE PEIENTHEA
EIOHAHHE KOMIMGMTHEIY METERHAIME B CAMOIETOCTPOCH MM HA OO e E -

CTES. ARHACTPOEHEE HEMNETCH O3] M3 BEICOKOTEX -

HOBOTHMHEY OTPACcHel NPpoMLBILBEHROCTIL, TIe OOSPEsEHHEe NOIIMEPsLe |
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KOMIHLIHOHHRE MATEP ST IEFPAT pellEongse poml. B cood spes HMesHg
MOIMMERHEIE MATEHHATR MOTROINNH CRMGIeTIM MEIHSTRCH HA BRICOTY Ik Thi-
CHS METROR B cEaminc THM B PAIBHTHH BROMINIHTHEY H OAMMEPHRY MaTepE-
ana Ty ayisee Boe M MEpa

Kaspveseae o i AEHSCTPOSHIE, CEMONETEL, AERSIGHOHHAN OTPEC L,
T POMBIEIIEHHOCTE, KOMOOS THEA MaTEpEaan, xoBcTPyREE, opua, poiBodTh.

Paimarie coBpeMeHHON TeXHHKH TPelyeT HOBEIN ROHCTPVELHOEHED M-
TEPIEAOE, MPEBOCK ENLIFHY 0 CHOMS NPOHHOCTHESL, YOPYTHM H EpyTiEams Caoli-
CTHAM TPATNOHHRR. K GHcay Handomes SHTepecHRN i IepeiekTHEHMY OT-
HOCHTCS OOIHMEPHERE MSTEPHANE (NACTIKH, WACTOMERL, BONOKHA), B B
MepEyH OSepedh Banommennme. KoscipvkioEHbE IOIHME PHEE MaTEH
B2 R OPMEMEHNEDT B COSPEMEHROM MAIIHHROCTPOCHMN, TEpSSes 0X HCD
AYHIT B TEX CAVHANK, KOULE HH GOHH APyTol MaTtepial He OTHEHAST Bo Dol
BOEPACTAHIM TReGoSIHIbg HOBOH TexHakH. B HacToslee Spesis DoEase il
W MATEPHANRD HA HX GCHOBS CEPReTHO NOTECHIIH TARKHE GCHOBHLIE KOHECTRY KUEH-
OHHEM MATEPHAN, RePes00eToH, METAL, Aepesd. Boss0omsiocTil NOisepsss
METEPHAINHE SPEIBRSAliE0 wapokn GAEroaaps sSCHOODOREAEHHY NOUHMEpoR |
HanIHHTENSE, Hencepuaemoil EpHafelbHOCTH COCTABOE KOMINYIHTOE Ha HX
CCHOSE H METON0E 0 mosiemamms. ChemosHing Tex HOMMW HSECKID T[neEna0a
POV HEHESE OIS PHHELY,. KOMINIHTOR QIHTENREHD S BPEMH HBIHGD MEXAHESE-
CROE CMEILIEHHE HANTHITE S H BOIHMEpAGH MaThMukL Tll'_uhﬂ.lépuﬂwumnlbé

HAMIHEHHE — XHMESSCKIN NMPHEEBED EETANERTOPa el MHEAMHATORE K 0=
BERPXHOCTH HAMMIHNTEES 8 OCHETY RIS OHMEP SR AN OO M S 5a-
LHA MOHOMEPOE HS YTHX OBEPRUHOCTAN — BOESOMEHD, OTKPLIBSET HOBYVH) CTRa-
HHILY B XHMILH E TeXHED | KOMINGHTOR PAOSBSTHE TEXHOMOIHH EOMIMAHLIEH-

CHEBIX HOUIHMEPHEIX MATEPHANOE B HSCTON NS BPeMs I SateTol Ry SH kIME

FOEIHAANE B O0NSECTH OOHMEPHOrS  sMaTepaal EReH AN, OCKOELEY
MpODeEsEE  BERaHMOLE BEHA HAMONHHTENEH M MATPHL BeChsE MAOTOTEHHS
l:'l':hpeueuuuﬂ HENOBCKE CTANKHESETCA ¢ MIONHMEPHEME MATEPHALAME HE TR
KO B TeXHMERES, HO H B O0BOSIHSEROH NEEKTHEES, MBOTOMY STHEHIE OCHOBHEIX
CBOMCTE YTHX MATEPHANOE H VAEHEE [SEHHILHD | VIESGHATE WX OOCTENEHHO
CTAHOBATEA HEOOROMMMBIME Boe HOee MHpOKoMY KpyTy Tumed [1].

Jna ofiecnevesing GemOnacHOCTH NOUIETOE KOHCTPYKUHA CRAMONETE IO -
Ha faiTh AOCTATOMEG IPOMEOH B YRCILIYATALME B TENSHIE BCElD Cpoka Cayiklis
CAMONETa.

Mos mpoEEecThi KOHSTPYEHE MOHAMI0T o ClcoiBneTE BOCTIPEEE-
METE D% PAIPYUIEHIIN HAT]Y CTBVHILMEE B poleccod sciliTyaTaiim.
FecTROCTE ROHCTPVRLHHE KAPAETEPHIYETCN CROCOHHOCTRIY @8 Dedp

| neficTEING M BHEIHHY Harpysox. B asmaunonnodl Texadme ne

SKCTIAYATALAN e EEEINHTCH  BEIO)
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Hupycun, P. B.

Ilepcnexmugybl pazgumusi NOIUMEPHBIX U KOMHO3UYUOHHBIX
mamepuanos 6 camonemocmpoeruu / P. B. Hupycun, A. JI. 3o1xum,
E. J]. Cemenog // Texnuxa u mexHono2us co8peMeHHbIX
npouszeoocms : cooprux cmameti |1 Bcepoccuiickou HayyHo-
NPAKMUYECKOU KOHpepeHyuu ¢ MeHCOYHApOOHbIM YUACTIUEM. -
Ilensa : [IT'Y, 2021. - C. 161-165.

B naHHO# cTarbe paccCMOTpPEHblI TEXHOJIOTHYECKUE
aCIeKThl Pa3BUTHS HCIIOJIb30BAHUS KOMIIO3UTHBIX
MaTepuanoB B CaMOJIETOCTPOCHHUH Ha
COBPEMEHHOM  JTame  pa3BUTUS  OOLIECTBA.
ABuacTpoeHue SABIIACTCS OJTHOM u3
BBICOKOTEXHOJIOTHYHBIX oTpaciei
POMBIIJIEHHOCTH, TJI€ COBPEMEHHbBIE MOJIMMEPHbIE
u KOMITO3UIIHOHHBIE MaTepualibl  UTPaoT
pematonue poiau. B cBo€ BpemMs HMMEHHO
NOJIMMEPHBIE MaTepHalibl TMO3BOJUIM CaMoJeTaM
MOJHATHCS Ha BBICOTY 10 Thicsy MeTpoB. B cBsizu ¢
STUM B Pa3BUTUU KOMIIO3UTHBIX M MOJMMEPHBIX
MaTepuaiax Oy/yiiee Bceil aBualiuu Mupa.

YNTATb
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H.A. Caxenkos', AH. CaxeHkos®

"MNepMcKit HaLMOHANLKLIA MCCNBOBaTENECKUA
NONUTEXHU4ECKUA yHueepcuTer, Mepmb, Poccus
%A «OfIK-Anuagsiratenss, Nepms, Poccs

MOMHUESALLUTHBIE NOKPBLITUA MOTOrOHAON ABUALMOHHBIX
ABUrATENEM U3 NONMMEPHBIX KOMMNO3ULIMOHHBIX MATEPUAINOB
YACTb 1. AHANK3 CYLLECTBYIOLMX TUMOB MONHUESALLUT

TIpencTanen o030p CYUECTEYIOUMX W NEPCNEKTMEHEIX THOS MONMHESALMT MOTOMOKION AEMALICHHSIX ABMIBTENER
M3 NONMMEPHSIX KOMNOIMUNOHHEX MATEPMAN0S. MOKESAHO, NTO HANDONEE DACNPOCTRAHEHHOR TEXHONOMER MONHIEIBLMTE
TIKM 8 MHPOBOA 1 OTEVECTBENHOR SSMALMOHHOR NPOMLILNERHOCTM § HACTOALIEE BPENT ABMAIETCA HAKNEBAKE METANNINECKMX
Q0N W CBTOK. OAHAND MSIOUMACH YABNSHEIA BEC MONKMEIBLIMTE! M3 METANTIMNECKIX DONST U CETOK (C YNETOM SESMORHO-
10 W 3POIMOHHOND CNIOEB) MOKET ABBATE CYLIECTBEHHSH NPRBEC 40 0.7-0.9 47 HE kKL 1 1 NOBEDKHOCTH MOTOTOKONE U3
KM, JONOAHMTENLHO, NPHALMNMANEHEIM HEAOCTATIOM METANNMYECOIX C2TOK ABIMIETCR BLICOKA NPOLEHT OTKPLITOR c8nacTi
(8080 %), NTO NPHBOAAT K NOHIMEHID ANEKTROMAIHATHOR NOMEXOSALMIERHOCTI JBHTETENA NPW BONISACTENM ANEKTPOMAI-
HUTHOTD MMITYNSCE OT YAS0E MONHA #NM BLICOKDRHTEHCHEHOMO BHELLMEND SNEKTPOMAIHUTHOID nons LIHIRF.

B HECTOALGE BPEMS BXTHEHO NPOBOAATCN HAMHEIE HOCNER0BEHMA B OGNACTH MONHIEIALIMN Tl RBMELMOHHOR TEXHAKN
8 PEIMMNHBIX YHABEDOHTETAX, WHCTUTYTEX M KOMNAHASX. MaBHEM 00pasom B CLUA, Eapone, Pocomt i AINCsMM. BOSMONHBIM
PEweHen NPOBNEME: MONHMEIAUMTEL KOTOPOMY NOCBRLLERO DONLLIOS KOMMECTEO HAYWHLIX PAlOT, ABNRETCR NPUMEHERIE
NOKPEITIIA U3 TEPMOCTORMX TTKM M NONMMEDHEX CARIYIOLIMX, MOJMDILMPOBAHHEIX YNEPOQHEIMA HEHONACTHUBMA ANS COI8-
HI NyMwest NPOBOAMMOCTA MBTEPKAN08. OQHAKD ABHHAR TEXHONOIMA OBNANBET HEAOCTATKAMM. BbICOKDR CTOMMOCTHI, HH3-
KOR TEXHONOMNHOCTEI0 PEMOHTE M T POBOARTIN MCCNEAOBEHMA PASIMHEX CNOCOBOR HANLINEHIA.

BLABNEHO, NTO AN MONKASIZINT NEPCNEKTHBHE TWIOE MOTOTOKON BLICORDKDHKYPEHTHSIM RENSETCH KOKCTPYKTOP-
KD PEweHMe, DDLCTEWBEOWES KPIMHANGHO MANLI YABNLHEIR BEC W BEICOKYI) HAIENHOCTL, TEXHONOMHHOCT, BSICOKY0
SNEKTDOMBMHHTHYO NOMEXOIUAMUEHHOCTE LHIRF, HUSYI0 CTOMMOCTS SATPAT B XMIHEHHOM LAKNE RBUTETENA, SKNNNAA NPO-
CTOTY PEMOHTE B SKCTNYATaLMA.

KMoNeBLIe COBA: SESUNORHEIA JBATATENG, E30TYROMHHEM ABACATEND, MOTOMOHIOME, NONMMEDHHIE SOMNOIMLNDH-
HEIE MATEPUANLI, MOMHNEIIMTA, NPOCENHO-BTANHAN CETKE, (DONTA, YRNEHEIR BEC, ANEKTPONPOBOIHOCTL, TENNONPOBOA-
HOCTS, PACCEAHWE TOKA MONKW, L/HIRF .

N.A. Sazhenkov', A.N. Sazhenkov?

'Perm National Research Polytechnic University, Perm, Russian Federation
%JSC "UEC-Aviadvigatel”, Perm, Russian Federation

LIGHTNING PROTECTION COATINGS OF AIRCRAFT
ENGINES POLYMER COMPOSITE NACELLES.
PART 1. ANALYSIS OF THE EXISTING TYPES

OF LIGHTNING PROTECTION

The ovendew of the existing and upeoming types of akeraft engines polymenic composite nacelles ightning protection is
presented. If is demonstrated that at resent the most widety-used technologies of polymer composites lightning protection In
e workd and domestic awiabion industry consist in using metal fods and meshes. However, the redative weight of the lightning
protection comgeised of metal foils and meshes (including adhesive and erosion layers) may resul in @ significant waight gain
up 10 0.7-0.9 kg per each square meter of the polymer composte nacelle surface. Addiionally, the principal Gsadvantage of
melal meshes is high percentage of the open area (80-90 %) leading to decreased engine EMI protection in the event of expo-
sure 1o electromagnetic impuise from the ightning strike of LHIRF.

Currently, inlensive scientific studies are performed in the fiedd of aviation equipment lightning protection In different uni-
versities. institutes and companies, mainly in the USA, Eurcpe, Russia and Japan. The potential ightning protection problem so-
lution addressed by the large number of scientific papers s use of coalings made of heatproof polymer composites and polymer
binders modified by carbon nanoparticles 1o develop a better material conductivity. However, this lechnology & characterized by
high costs, low repairabity, ete. Various spraying methods are studied.

Caocenxos, H. A.
Monnuenochvie nOKpvimuss MOMO2OHOO0 ABUAYUOHHBIX O8uUcamenell
U3 NOUMEPHBIX KOMROSUYUOHHBIX Mamepuanos . 4. 1. Ananu3
cywecmsyrowux munos moanuezawum | H.A.Casxcenros, A.H.
Caoicenxos // Becmuux I[lepmcrkoeo HayuoHaibHo2o
THonumexnuuecxkoeo Ynusepcumema . A3poKocmuyeckas mexHuKa . -
-2021. - Ne 67. - C. 43-55.

[IpencraBinen 0030p CYyIIECTBYIOIIMX M IMEPCHEKTHUBHBIX THUIIOB
MOJIHME3alIUT MOTOTOHJIOJ aBHALIMOHHBIX JABHUraTelied U3
MOJUMEPHBIX KOMIO3MIIMOHHBIX MarepuanoB. [lokazaHo, 4rto
Haubosee pacnpoCTPaHEHHONM TEXHOJOTUEH MOJHHE3aIUThI
IIKM B  MHpPOBOM M  OTEYECTBEHHOM  aBUALMOHHOU
MPOMBILUICHHOCTH B HAcCTOsIEe BpeMs SBISETCS Hakjeika
MeTa/NIn4ecKux (Qoibr U ceTok. OgHaKO UMEIOIIMICS yAeIbHbII
BEC MOJIHME3AIUTHI U3 METAITINYECKUX (OJIBI U CETOK (C yUEeTOM
aAre3MOHHOTO U 3PO3HMOHHOIO  CIIOEB) MOXET  J1aBaTh
cymectBeHHbld mpuBec jgo 0,7-09 xr mwa kaxaeid 1
M? TMOBEPXHOCTH MOTOroHa0ibI U3 IIKM. JIomoJHHUTENBHO,
MPUHLUIUATBHBIM HEJJOCTATKOM METAINTMYECKUX CETOK SIBISETCS
BBICOKHH TIPOIIEHT OTKpbIToi obmactu (80-90 %), uTo mpuBOIUT
K TOHIWKEHUIO BJIEKTPOMAarHUTHOM  IMOMEXO3aIUIIEHHOCTH
JBUTATENs] IPU BO3AEUCTBUU AJIEKTPOMAarHUTHOIO UMIYIIbCAa OT
yaapa  MOJHMM  WJIM  BBICOKOMHTEHCHUBHOIO  BHEIIHETO
anekTpomarautHoro mosst L/HIRF. B HacTosiiee BpemMsi akKTHBHO
IPOBOASTCA HAay4YHbIE UCCIEAOBAHUS B OOJACTH MOJIHUE3ALIUTHI
ABUAllMOHHOM  TEXHMKM B  Dpa3IMYHBIX  YHHUBEPCHUTETAX,
WHCTUTYTaX M KOMIIaHWAX, raBHbIM oOpa3zom B CIIA, Esporme,
Poccun n Snonun.
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NPHMEHEHHE MATEPHAJTIOB HA OCHOBE HHAHOBBIX 3@HPOB (ofsop)
Yacre . ABHANMOHHAR H KOCMHYECKAN TEXHHER

DOL: 10.18577/2307-6046-202 1-0-4-48-60

Paccwonmpens ocHogHaIE RARPABIEHUR RPILMEHEHILE WEMEPULTOS HE OCHOSE CHOT [NOHOEL
HUPOR & PATINNKEX OMPICIRY MEXHURY ¢ VKIITHUEM APUMEPOS SHEOPENIR 8 CORPEMEHNHEE
npuGape u kowcmpyky JanHas cmames SEemcs nepeoil wICme0 PAGomE U OCEEWTEm
HENQILIOAANIE YUAHOSLIX IUPOE NPU PApatoniKe Mamepuatos dI8 aeuayuoNHoN I Kecmue-
cxoi mexnusy. Mpedemagiensl HAUGOTEE IHAUUMEE CEOGCMBN ROTYIGNVPAMOS KOACOME NG
RARPASTEHW T MPUMENEHIN, NPUSSHeRa HGHOPMAYNR 0 POIPAIOMKE HOSLIX MOTLMEDHB
EOMROIUYHORHBT WIMEPUITOR Hi OCHOSE WMANOSHT WPUPOS OI8 VIR I aopesamos Aemo-
METEHEX QNP OE,

Kmowease caoea: yuanossie 3ups. NOTEMpUIIKe, DOTHYUIHYPOME, MERWOCTIOHNUE
ROTUMEDE, NOALMEPHHE KOMBOTUNOHNEE MIMEPNATE, PAGIORPOIPIUHOCTTL, PAOUTYHOHNAA
VEMOUE0Cms, PATMEROCIIABUIEHOCIS, KOCMUTECKTN MEXHUKE, GEUTLUR

EV. Dﬂ!gm'aj. K.5. Lavrova'

APPLICATION OF CYANATE ESTER MATERIALS (review)
Part 1. Aviation and space structures

The review concerns the major application of materials based on cyanaie ester resins in var-
ious branches of technology, indicating examples of implementation in modern devices. This
article being the first part af the review highlights the cyanare esters implementation in the
develapment of materials for aviation and space technology. The paper presents the mast sig-
nificant properties of polvevanurates in relation to their application. Information abowt the
development of new cyvanaie ester resin-based composite materials for aircrafis and space
shutrles ix provided.

Keywords: cyanate ester, polyiriazine, polycvanurates, thermosers, polymer matrix compo-
site, radiotransparency, radiation resistance, dimensional stahility, space technolagy, aviation.

itheacpankioe TOCYISPCTRCHHOS VHHTAPHOE NpeanpuaTie sBeepocculicknll By HO-HeCIe0BATEARCKHIL
MHCTHTYT ABHAUHOHHEY MaTepuansoes DocyiapersesHel payvunsil nestp Poconfickoll ®enepamn [Federal
Stare Unitary Enterprise aAll-Russian Scicatific Rescarch Institute of Aviation Materialss State Rescarch
Center of the Russian Federation]; e-mail: adminf@viam.ru

Beegenne

CMOMEL HA OCHOBE LHAHOBEIX 3pupor (1173) SRASIOTCH BARHEIM KIACCOM TEPMOPEaK-
THEHEIN KOMIOIHLHI, HHTEPEC K KOTOPLIM O0LACHASTCA IIHPOKHMH BOIMOKHOCTAMH CO31a-
HHA HA WX OCHOBE NOTHMEPHLX MATPHIL I8 CORPEMEHHEN MOMHMEPHE KOMIOTHIHOHHEX
satepuanon (IIKM). Mocnenune, B cooio oYepes, 0CoBEHHO AKTYATEHLL B KOHCTPYKUMAX |
HEIENHAX [ A3POKOCMHYSCKON TEXHHKN B MHEPOAEKTPOHIEH | 1-4].

Monomepuse 13 npencrasngior  cololl  HHIKOMONEKYISPHLIE  COSIHHEHHN,
coflepalie B ceoell cTpykType dyHKUHOHANEHEE rpynnel —0-C=N, koTopeie B Npolecce
TPHMEPHIAWNH 0OPAIVIOT CHILHO PA3BETRICHHYIO TETEPOLHKIHYECKYI0 NOTHMEPHYIO CETh

48 TPYABI BHMAM N4 (78) 2021

Joneosa, E. B.
Ilpumenenue mamepuanog Ha 0CHO8e YUAHOBBIX 3¢Ppupos (0630p)
Y. 1. Asuayuonnas u kocmuueckas mexnuka / E. B. Jloneosa,
K. C. Jlasposa // Tpyovt BUAM. —2021. - Ne 4. — C. 48-60.

PaccmoTtpensl OCHOBHBIC HaTPaBJICHUS
NPUMEHEHUS MaTepualioB Ha OCHOBE CMOI
IIMAHOBBIX d3(QHPOB B Ppa3IMUHBIX OTPACIIAX
TEXHUKHA C yKa3aHHUEM IPUMEPOB BHEIPCHHUS B
COBpPEMEHHBIC MTPUOOPHI U KOHCTPYKIMHU. J[aHHAsS
CTaThsl SBIIACTCS TIEPBOM YacThlO pPadOTHI M
OCBEIIIaeT HCIIOJIb30BAaHUE [MAHOBBIX A(PHUPOB
npu pa3paboTKe MaTepuasoB sl aBUAIIOHHOHN H
KOCMHYECKoU TexHUKH. [IpencraBnensl Hanbonee
3HAaYNMBbIE CBOIiCTBa MOJTUITMAHYPATOB
KacaTelIbHO HANpaBICHWA WX MPUMEHEHUS,
npuBe/icHa uHQOpMaNUs O pPa3pabOTKE HOBBIX
MOJTUMEPHBIX KOMIIO3UIIMOHHBIX MaTepHalioB Ha
OCHOBE IIMAHOBBIX OJPUPOB I Yy3JIOB U
arperaroB JICTaTeIbHBIX aIlIapaToB.

UNTATb
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PASPABOTKA OBOBIEHHBIX MATEMATHYECKHMX MOIENER MOJIHMEPHBIX
KOMIMO3ZHIHOHHBIX MATEPHATIOB, MPHMEHAEMBIX B ABHACTPOEHHH

019 [B. Imurpuenxo, EH. 3rypaneckas, [ Pueun, A A Gepopoe

AHOBCKMI FOCYIAPCTBEHHLL TEXHHIECKHI YHHBEPCUTET,
oBOCOBAEHHOR CTRYKTYPHOR NoApasieneHe < AHCTHTYT ABHALMOHMBIX TEXHONOHE M YIIPaBACHWAs,
. YIbAHOBCK

CTaTLA MOCTYTHA B penakmimn 21082019

B cratse PACCMOTPEHEl MATEMATHUECKHE MOAEAH 14 AHATHOCTHEH NOAHMEPHLIX KOMNOZHIWOHHBD

MATEPHANOE PAIHOBQIHOBLIMH METOQAMH.

Fumvease CRO80: MATEMATHMECKAA MOJEAE, NOAHMEDHENE KOMIOIHLHOHHES METERHANLL, ABHACTPOSH HE.

Heeaedosanie axnoikens npu diancosol noddepuce POOH
u [Mpasumensciga Yaranoeckoli ofnaciiu & pamkax HaysHozo npoekma N® [18-48

BBEJIEHHME

B HacTOAWEe BPeMSA B ABHACTPOCHMM HCMOIL-
IVETCH BONBLLIOE KOMHYECTEO KOHCTPYRUHOHHEX
H MATEPHANOE PAIHOTEXHHYECKOrD HAIHAYCHMA.
OcobeHHO YIATHeTCH MCMOMBIOBAHKA NOIHME]-
HLIX KOMMOO3HMUMOHHLY marepuanos ([TKM), wo-
TOPLIE HCTIOABIVIOTCA M KaK KOHCTPYEUMOHHEE W
KaK pagMoTexHiudeckie. CerogHs MCnonbayiTes
ITEM paziMuHLIy THIOE OT MHOMOKOMIOHEHTHRIX
10 MHOPGCAORHEX W TRaHHBY. Bkl nomy-
NAPHOCTE MOTYHHIH MATEPHANE HA DCHOBE YIe-
POIHBN BOAOKOH. OTIHYHTEIBHOR OCOBEHHOCTLID
TEAHEH M3 YIIePOOHLIX BONOKOH - HX BLICOK3S
TEPMOCTORKOCTE, MECTHOCTE H MPOYMHOCTE, 3 TaK
e WEKTPONPOBOAHOCTE CPABHHMAR ¢ MEeTaLIa-
mu. B npouecce HIroTOBAEHKHA yraepogHex [TEM
WHPOKOE PACTIPOCT PAHEHHE MOIYHWIO MHOMOHA-
NpasieHHoe APMHPOBAHHE, KOTOPOe MO3IBOAWIO
YCTPEHHMTE YACTHYHO MIH NQIHOCTEIY aHH3OTPO-
MHK MaTepHana W A2eT BOIMOKHOCTE Peanuio-
BATEL 3aJlaHHLIe CHBOMCTEA MaTepHana B pasnuy-
HEIX HAMPABACHHAY ¥ FOTOBOFO Magenws. Tax we
npiMeroTes [IKM Ha ocHOBE CTERIOBONOKHA,
HMERIHY COTOBE CTPYRTYPLL TeXHOIorHa Haro-
TORNEHMA Takuy crpyeryp TTKM wanokesa s [1-8).
Ha umcna [TEM sonokoHHbe MaTepHanel o0naga-
KT CAMBIMKM BLICOKHMH NPOYHOCTHEHMH W HecT-
KOCTHEIMMH XaPakTepHCTHEAMK, Npu o0sYHOA |

Avumpuerko Teprar Bavecasaoeus, JORMOP MEXHLMECKIX
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MOBLIeHHOH TeMIepaTypax, HWIKMM Ko3ddi-
LHEeHTOM MHHeHHOro TeMnepaTypHoro paciii-
PeHHA W PAOOM APYTHX ceoMCTE, OfbeMHan Lo
BONOKOH B BonokHHCTRIX [TKM cocrasnser 60-80
%. [lpu uenonsaosanue pasnuaHers Tunos [TKM s
ABHALHOHHLIY HILETHAY HeoGX0IHMO NPOBOAKTE
BROQHON KOHTPONL MY HA COOTBETCTEHE TEXHWYE-
CHMX XaPAKTePHCTHE, 3a9RTCHHLIX B JOKYMeHTa-
wiH Ha Hix. CeroaHa THnos [TKM Gonbmoe kotwu-
yecTeo, pazpabareiEate no kampomy tany [TEM
HHAWBMIYATEHYI0 METOIHKY NPOBEPEM ANG Npo-
H3IBOACTER AOBOALHO 3aTpaTHo. s sToro npen-
NATAETCA NPOBECTH KNAcCHBMEALMI HINoIb3ye-
MBIX MATEPHANOE HA MPOMIBOACTES ¢ MOMOLLID
CHCTEMHOID 3HAMH3A NPOM3BECTH X FPYVIIHPOE-
KY, € LEIbi0 YMEHBIIEHHA PAIMePHOCTH 3a0aqu.
B peaynprarte noaydaem Hefonbwol HaBop me-
TOAMK OMAFHOCTHEH MaTEPHANos, NMOSBOARKIIHY
OXBATHTH BeCh CICKTp Menoisiyemerx [MEM ua
NPOHIBOACTEE.

OIMHCAHHE 3A1AMH

Mposegs BCCCTOPOHHWA CHCTEMHLIN 3HATHI,
YCTAHOBASHD,

= [TKM XapakTepHIyioTes CleIyiolHMM napa-
METPAMM: € - QHIMEKTPHYECKan NPOHHLAEMOCTE
Mmarepuna, ted - TaHreHe yria AMIeKTPHYeCKHMY
noTeps, d - NPOBOAMMOCTS (MOBEPXHOCTHAS NPO-
BOAMMOCTE);

= [TKM smeT paznuuHbie TeMIepaTypHLe Xa-
PAKTePHCTHEMN.

Hexons M3 nepedHciesHHOre CTaBMTRCA Che-
AYKILAR 330343 COCTARIEHHe BoNee TOUHBIY Ma-
TeMaTHULCKHY MOOenel: WeKTpoiMHAMMYeCKHY
M TEMIOBLY Momenedi gas nondoro oxsara [TKM
HCMOALIYEMOTD Ha MPOM3IBOACTEE, AN4 Mposefe-
HHE JHACHOCTHEH APAKTEPHCTHE B CBOGOIHOM
NpOCTPpaHCTEE,
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B crarbse pPacCMOTPCHBI MATCMATHYCCKHUC MOICIIN
L JTHAarHOCTHUKH IIOJIMMCPHBIX KOMITO3HIITMOHHBIX
MaTcpruaJIoB PaaIruOBOJIHOBBIMU MCTOJaMMU.
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BBE/IEHHE

B aBMAUMM TOAHMEPHHE KOMIO3ZMIMOHHEE
marepuans (MKM) 09eHb 9acTo IKCIUYETHPYIOTCS
B YCIOBHEX HECTRUMOHEPHEX Temneparyp. lToaro-
My BOIHHKAET BOMPOC O NPOBEPKM COOTBETCTBHS
MATEPHANOB YCIOBHAM IXcnnyaTass. OcHoBHEe
npexsymectea yrepogusx [TKM cocrosT 8 8e-
COKO# TEMIOCTORKOCTH, MAI0H MIOTHOCTH, CTOM-
KOCTH K TENAOBOMY yaapy ¥ odayuenun. Onu aan-
TENBHOE BPEMS MOFYT PabOTATL TPH TEMITEPaTypax
1o 773 "K B oxumernrensHoit cpeae u 3273 K - 8
uHepTHoit cpete u nakyyme. Ilpi 3rom mx npou-
HOCTH € POCTOM TEMITEPATyphl Nossimaercs & 1,5
-2 paza.

OMHUCAHME 3AZIAMH

JIng NpOBENEHHS BCECTOPORHEN AMATHOCTHKYN
caoiics [IKM, TpedyeTcs paccmMoTpers Tenaosyn
Moaens, omscHBaomyw nosetenie IKM B yoio-
BIAX HECTALMOHAPHOTO Harpesa. [lo ceoum cTpyx-
Typam [TKM BonsmiMHCTEO MATEPHATOB COCTORT M3
HEXOTOPOro YHCAA CI0EE, TOITOMY METEpPeC ITpe-
CTABASET NOBEACHME TEMIEPATVPhl K3k BHYTPH
CI0%, TEK ¥ BHYTPH Camoro matepuana. OcHOBHE-
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Mi napamerpamy obpasua KM seamores € - an-
IMEKTPHYECKAR TPOHHLEAEMOCTE M (g6 ~ TAHMEeHC
YIa nOoTeph.

NYTH PEIUEHHSA 3ATTAYH

Hccneayemunii MaTepuan nogsepraeTcs QQHO-
CTOPOHHEMY HECTAUMOHAPHOMY HATpPeBy, BOTEA-
CTEME KOTOPOTO  ODpA3yeTcsi HepasHOMepHoe
pacnpefeneHe TeMMIepaTypsl Harpesa AMarkHo-
cTHpyemoro 06pasua no Tonmuse. 3anHmen ypas-
HEHHE TeNIONPOBOAHOCTH C UETbK) NOTyueHMs
BREPAKEHUS OITHCHEBIIOErD PACTIPENEASHNE TEM-
NEPaTYPLI HATPERA NO TAIUHHE,

Jne YNpOIEHHMS OMMCATEABHOMD NPOLeCcE
PAcCMOTPUM OANH CI0H, KOTOPRIL GYAeT ABANTECS
Ga3OBEM MEMEHTOM L1 MHOFOCTONHON MOnenn.
Cnont mexay cofoil GyayT clumsaTses uepes rpa-
HUYHME YCIOBHA TEMIEPATY] Ha MX NOBEPXHOCTH.
Ipasiust paszena c10em MOryT GuTh PeansHLMM
WK YCIOBHBIMMN.

Bynem CUMTETh, MTO TEMOepParypa B Xaaoit
TOuKE (‘\‘, obpa3sua [TKM 8 momeHT apeme-
i £ onucesaercs dyHxmmei T(_r,'y,:). B Ha-
HanLHWI MOMeHT Bpemenit (= 0) BCE MacTit Tea
MMERT OAMHAKOBYI TEMNEPATYPY (TeMneparypy
Tena B HOPMANLHEIX Yo1osuax). [ns pemenus no-
CTABNEHHDIT JafauW COCTAaBMM TennodmInveckoe
ypasuenue s obpasua [TKM, cumras, wro ob-
pasen-Teno OAHOPOAHOE 10 TOAMIMHE W HE HMEeT
H MOBEPXHOCTH CANOMOB, TPempH, pebep u T.a.
B cayuae Hanuume PaiiHuHLIX HEONHOPORHOCTeH
TeMnepaTypHutit perbed GyaeT oranieH B MecTax
HEOAHOPOTHOCTEN.

YpasHenue PacTPOCTPAHEHMS Tenaa B mpo-
H3IBOALHOM 00veme V, OrpaHMueHHBIT [NaaKoi
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B crarbe paccmarpuBaeTcs TeIioBas MOJEb
[IKM s [UarHOCTUKH €€ TeMIepaTypHbIX
xapakrepucTuk. [IpennoxkeHa TernoBas MOAENb,
chopmupoBaH pacyeTHbIN aJITOPUTM
TEMIIEPATYPHBIX 3aBUCHMOCTEM.
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