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Honyuen komnosuyuonusili Mamepuan Ha ocnoge noausgupumuda Ultem 1000 1 cunmesupoannozo
HOANOJHUMEN ROJUME MULCUTUKAHAMA COUHYA, KOMOPDIT CUHME3UPOBATIL HO OCHO8E HUMPAMA COUHYA U
T'KOK-11. Konuuecmeo nHanonnumens 6 Mamepudaie @ nepecyeme Hd KOJIUYECMBO YUCMO20 NOIUMepd CO-
cmaensno 0,5, 1 u 1,5 %. IIposedensvl ucnoimanits Ha usuxo-mexanuyeckie ceolicmea. JJoxasano coxpa-
HeHUe PUIUKO-MEXAHUYECKUX U NPOYHOCHIHBIX CEOUCME NPU CO30AHUYU NIEHOYHO20 Mamepuand. Yemanoe-
JIeHO, YMO NOJYYeHHbIli KOMIO3UM CIMOEK K paouayuoHHoMy eosoeticmeuto. ¥Y® eo3z0eiicmeue He NPUGeo K
PA3PYULEHUIO NOTUMEPHOT Yenu 1 NOMepU NPOYHOCII 8 pade MOYeK CIMPYKMYpPul, KOMOpoe Ypesamo oe-
apaoayueti, pacmpecku8anuem u NOO0OHbIM AeieHuIM. 1 ucmozpammpt NOLYYeHHBIX MAMEPUALO8 00 U NO-
ciie uccnedoganus Ha Y@ eos0eticmeue u KPUOSEHHYI CHOUKOCTb UOeHMUYHDBL, YO OOKA3bI6ACH! HeU3-
MEHHOCHb 3IeMEeHMH020 COCMABa U omcymemeue ocmamoyHbix nomepe & obpasyax. Onpedenen wupo-

Kuti mepmudeckuii OUAnNAa30n IKCRIVAmayuy noayienno2o mamepuana (om -200 oo 200 °C).
Knrwuesoie cnosa: nomunumuod, memuiCuiuKOHam, KOMAO3UM, CPYKMypd, memnepamypHbili ouand-

30H.

Beenenne. B Hactosmee BpeMs mpu paspa-
0OTKE HOBBEIX MAaTCPHATIOB C BBICOKHMH (HVHKIHO-
HAJIBHBIMH CBOMICTBAMH OJHUM M3 OCHOBHBIX TCXHO-
JOTHYECKHX MOJXOMOB SBISCTCS MOIM(DUKALMS W3-
BECTHBIX MPOCTHIX NOTHMEPOB IIYTEM CO3IAHUS KOM-
mo3uToB [1-2]. Tak, manpumep, BBEACHNUE B TOIH-
MEPHYIO MaTpHLy PABHOMEPHO PACTIPEICICHHBIX IO
00beMy MAaKpPOCKOIHMYCCKUX BOJIOKOH HIH 3EpeH
nmpuaactT ocodble cBOMCTBA KoMmmoszutam. B urore
MONYYCHHBIH MaTepuan MpeacTaBisieT coOoi Mome-
KYJISIPHBIH PacTBOP 3IEMCHTOB B TMOKOH MaTpHLE.
[IpenycMOTpeH Tak e BapHAHT € CO3JAHHUEM MHO-
TOCJIOWHOTO OTUMEPHOT'O KOMIIO3ULIMOHHOTO MaTe-
puana obnajaromed CIOWCTOH HIH JBYXMEPHOU
CTPYKTYPOH, OCOOCHHOCTBIO KOTOPOTO OVAET H3Me-
HCHHE KOHLICHTPALMH HAMOIHHUTENS, KOTOpas He
MPHUBEACT K NOTEPE MPOYHOCTHEIX M (PU3HKO-MEXa-
HuueCKuX ¢BOUCTB [3—4]. OcoObiit uHTEPEC B Kade-
CTBC TMOJMMEPHOH OCHOBBI ANl KOMIIO3UTOB MpPEX-
crasystioT noaunvuasl (1TA) Gaaromapst uX BRICOKHM
MEXaHUIECKHUM U TCPMOCTOMKHM TOKA3ATCIIAM.

Metononorusi. Benencteue yHHBEpPCANBHOTO
KOMILIICKCA CBOHCTB, a TAKKE, CPABHUTEIBHO HA3KOH
CTOUMOCTH, B KaUeCTBEC MOJUMECPHOH MATPHLIBI BbI-
Opan nojgumvug mapku Ultem 1000. B kadectse
HANOJHUTENS  HCIOIb30BATICH  METHICHIMKOHAT
ceunia (IIMCC), koTopbiit OB CHHTC3UPOBAH HA
ocHose Hurtpata csunia (II) u MeTwicHTHKOHATA
HATPHSL.

I'panynupoBaHHEII MOTUMEP PACTBOPSUIA B
xnopodopme, coaepxkanne Ultem 1000 B pactBOpe
coctaBisiio 15 %. Ilocne vero, B pacTBOp BBOIAMIH

CHHTE3UPOBAHHBIH MOJIMMETHIICHINKOHAT CBHHI.
KonmuecTBo HaMoTHUTEN B MaTepHalie B IEPECIETE
Ha YHCTHIH TTomMep cocrasastio 0,5, 1 u 1,5 %

JUtg ayqImero COBMEIIEHHS ME)K Iy HATIOTHUTE-
aem u matpuneit [IMCC cmemmBanu ¢ MaIbsIM KOTH-
uecTBOM Xjtopodopma. OnpeacIcHHOS KOIUUSCTBO
MOJTIMEPA ¥ HAITOJIHUTEIA CMEIIMBATIN W TOMEIIAIH
B YJIBTPA3BYKOBYIO BaHHY Y 3B — 0,25 u o3pyumnBamu
B TCUCHHC 5 MHHYT, IOCJC Yero A0OaBIAIH OCTAB-
meecs KOJIMYECTBO PAcTBOpPa MOTHHUMHIA U IIPOBO-
JWIH TIOBTOPHOE O3BYIHBAHUE C TAKHUM JKE€ MHTEPBA-
JIOM BPEMEHHU.

OcHoBHas 4yacte. [Ipu nmepBoHavaIbLHOM TO-
Jy9YeHHH IUIEHOYHOTO MaTepuasa BO3HHKIA TIPO-
OrmemMa B CBA3U C TEM, YTO MOJYYCHHBIC IICHKH
UMETH JeEKThI, CBA3aHHbBIE C PA3HOPOIHOCTHIO Ya-
CTHLI HATIOJTHHTEA. BBIIO 0TYETIHBO BUAHO, YTO 00-
Pa3OBBIBAIIICH KOHIJIOMEPAThl, CTPYKTYpa MaTepH-
ajxa MONMyYmIack HE OJHOPOJHOM, UTO MOTJO Ta-
ryOHO cKa3aThcsl Ha OYAVINHMX CBOWCTBAX MaTepH-
ana. Jlns permeHus npoOieMbl, CBA3AHHOH € OJHO-
poxHocThio  cTpykTypel  [IKM, wncromszoBamm
HAMOJHUTE/b JUCIICPCHOCTRI0 HE Oomee 0,04 wu
0,05 MmM.

MosxHo 3ameTuth (puc. 1), 94TO COBMCIICHHUES
MEXIy KOMIIOHEHTAMH TIOIMMEPHOTO KOMITO3HITH-
OHHOTO MaTepHaia MPOIUT0 YCIEITHO, W HATIOIHH-
TEJIb PAaBHOMEPHO PACIIPEAEIHIC B CTPYKTYPE MaT-
PHIIBL.

HccnenoBanue mOrnoTUTENBHON CHOCOGHOCTH
— (pHc. 2) KOMIO3UTOM TIOKA3AJI0, YTO HPH YBEIHUC-
vuu koHueHtpaumu [IMCC u cmoés moauMepHOT
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IJICHKH, PAIHAIMOHHO-TIOTIOIIAOIIAS CIOCOOHOCTD
MIOTYICHHOTO TOJIMMCPHO-KOMIIO3UIIHOHHOTO MaTC-
pHaIaBO3pacTacT.

a)- 6)-
B)- r)-

Puc. 1. CrpykTypa HOBEPXHOCTH HOIYIEHHOTO KOMIIO3UITMOHHOTO Marepuana Ha ocHoBe Ultem 1000 ¢ paziuaHbIM
HanostHeHueM [ IMCC: a)0;6)0,5;B) 1ur) 1,5%
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Puc. 2. 3aBucumocts (Jo/Jx) ot xounenrparuu [ IMCC npu paziuyHO# TONIUHE IIEHKH:
1-50 mxMm; 2—-100 mxMm; 3—150 MEM; Jo — HHTEHCUBHOCTE 0€3 MOTIOTUTEN, Jx — HHTEHCHBHOCTD C IOTIOTUTEICM

HccrneroBanns KpuOTeHHOM CTOHKOCTH TIPOBO-
JWIU B CMKOCTH C SKHIKHM a30TOM TPH TEMIICPATYPE
-200+35 °C ¢ KOAMYICCTBOM TMOBTOPCHUH 9 ITUKIIOB.
IMocne oxmaxkaeHus 00PA3I0B JO KOMHATHOM TEMIIC-
paTypel TPOBCPSIN HU3MCHCHHC pasMepa HIH IpH-
3HAKH APYTUX ASPEKTOB, CpaBHUBAS C IPYTHMH aHA-
JOTHYHBIMH O0pa3laMH HE MOABCPTILIMUMCS KPHO-
TCHHOMY BO3JACUCTBHIO. [IpoBEa¢HHBIC MCTBITAHUS

TIO3BONIIIA CACTATh BBIBOJ, YTO TMOJYICHHBIH KOM-
MO3UT VCTOWYWB B JUAMA30HE TeMmepatyp ot — 200
1o 200 °C.

Uccnenosanue ycToanBoCcTH 00pa3oB K BO3-
JCHCTBUIO YIbTPA(UOICTOBOIO U3NYUYCHHS MPOBO-
JUI0Ch ¢ MOMOMIIBIO BAKYYMHOH HACTOJIBHOH ycTa-
HoBku «VSE-UV.cy. OO0pasipl moaBeprin KecT-
komy Y @ BozacHicTBuIO B guanazoHax 121-10 am B
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TCUCHHEC & WaCOB C KOJIMYCCTBOM TMOBTOPCHUM 3
[UKIA.

rI/ICTOI‘paMMbI MOJIYYCHHBIX MaTCpHUaIOB O0 U
nocne uccnenosanus Ha Y@ Bo3acHCTBHE M KPHO-
TEHHYIO CTOMKOCTh OKa3aJIUCh UACHTUYIHBI, YTO JO-
Ka3bIBACT HCH3MCHHOCTh 3JIEMCHTHOTO COCTAaBa U OT-
CYTCTBHE OCTATOYHBIX MOTECPh B 00pa3LIax.

Anamu3 penbeda HAMONHCHHOTO KOMIIO3UTA
(puc. 3) nokazajn, yto moBepxHOCTh cuctem (ITOU

Height

0 10 20 3EFED

nm

Ultem 1000 + 1,5 % IIMTCC) reometpuuecku oa-
HOPOAHBI U SIBISIOTCS IUIOCKHMH, HE CMOTPS Ha
HAJIMYHE HANOJIHUTETI B IUIcHKe. Y D Bo3aelicTBUE
HE TPUBCIIO K PA3PYIICHUIO HOTUMEPHOU [CTTH U TT0-
TCPH MPOYHOCTH B PSAC TOUYCK CTPYKTYPHI, KOTOPOS
4peBaTO ACTPajaluci, PpaCTPECKUBAHUEM U TOI00-
HBIMH ABJICHUSIMH.
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Puc. 3. TTosepxuocts 19U Ultem 1000 (1,5 % IIMCC) o u nocie Bo3aeiicTBud Y @ H3IyIcHUS:
a), 6) — 10; B), T) — mocie Boz/ekcTus YO

Beisoasbl. TlomyueH oqHOPOXHBIN INIEHOYHBIN
MOJIMME PHO-KOMITO3UIIMOHHBIH MaTCpHall HAa OCHOBS
Ultem 1000 u IIMCC. [okazaHo coxpaHcHue ¢u-
3UKO-MEXAHUYCCKUX M MPOYHOCTHBIX CBOUCTB IMPH
CO3AHUU TIICHOYHOT'O MaTrcpuaia. Y CTAHOBICHO,
YTO TIOJIYYEHHBIM IUIEHOYHBIH KOMIIO3ULIMOHHBIN
MaTepuaji 00nagacT BHICOKOM CTOHKOCTBIO K VIbTPa-
¢duoneroBomMy BozacHcTBHIO. ONpenencH auana3oH
IKCILTYATAI[HH [TOJIYYCHHOTO MAaTCPHAIIA MPH TEMITC-
parypax ot -200 1o +200 °C.
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Klyuchnikova N.V., Gordeev S.A., Gordienko M.D.
POLYMER COMPOSITE MATERIAL BASED ON THERMOPLASTIC POLYIMIDE

A composite material based on polyesterimide Ultem 1000 and synthesized filler of lead polymethyl sili-
cate was synthesized on the basis of lead nitrate and GKZh-11. The amount of filler in the material in terms of
the amount of pure polymer was 0.5, 1 and 1.5 %. Tests for physical and mechanical properties were carried
out. The preservation of physical-mechanical and strength properties in the creation of film material is proved.
1t is established that the resulting composite is resistant to radiation. UV exposure did not lead to the destruc-
tion of the polymer chain and loss of strength in a number of points of the structure, which is fraught with
degradation, cracking and similar phenomena. The histograms of the obtained materials before and after the
investigation on UV exposure and cryogenic stability are identical, which proves the invariability of the ele-
mental composition and the absence of residual losses in the samples. A wide thermal range of operation of
the obtained material was determined (from -200 to 200 °C)

Keywords: polyimide, methyl siliconate, composite, structure, temperature range.
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