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B naHHoiIi paboTte pa3dpaboTaHa METOIMKA apMUPOBAHMsI KOMIIayHIa HA OCHOBE OyTaaueH-
CTUPOJILHOTO TepMoO3JiacToruiacta. MccienoBaHbl MeXaHUYECKHE XapaKTePUCTUKN apMU-
pOBaHHBIX KOMMayHAOB. [IpoBeaeH CpaBHUTEIbHBIN aHAINU3 PAa3JIMYHBIX METOIOB BBeElE-
HUsI HAHOHAIIOJIHUTENSI B MOJUMEpPHYIO MaTpully. PazpaboraHHasi MeToaurKa MoKas3biBaeT
MPUPOCT MMPOYHOCTU KOMITO3ULIMHU MPpU cxkaTun Ha 50%, a TakKe MPOYHOCTU Ha PacTsKe-
Hue Ha 20%.

KimoueBbie ciioBa: Tepmoasnacroruiact, rpagen, TOII, apmupoBanue, ¢Gpusnko-mexaHuye-
CKUE XapaKTePUCTUKU, Y3, YIbTPa3BYK, pacrpeneieHue
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BBEAEHUE

TepmornnactuyHbie a51actoMmepbl (TAIT) — 310 rMOpUAHBIE MaTEpHAIbl, OOBIYHO U3TOTOB-
JIEHHBIE W3 TEPMOIJIACTOB M 3J1aCTOMEPOB, C HU3KOW TBEPAOCTHIO OTHOCHUTEIBHO IPYTHX
IUIACTUKOB, KOTOPBIE MOTYT BBIIEPXKMBATh OoJbIe aedopManum 6e3 paspyireHus [1—3]. Dto
CTelMaTM3UPOBAHHBIE TTIOJIMMEPHI, KOTOPbIE MPUBJIEKIIM MHTEPEC HAYYHOTO COOOIIIeCTBa Oy1aro-
Iapsi CBOel YHMKAJIbHOM 3IaCTUIHOCTH U TEPMOILIACTUIHOM 00padaTbiBaeMoCTH [4].

I'paden — nByMepHast MoauduKalys yriepona, oopasoBaHHasi CI0EM aTOMOB yIJiepoja
TOJIIIMHOM B oquH aToM. IpadeH MMeeT rekcaroHaJibHYIO JABYMEPHYIO KPUCTAJUIMYECKYIO
pelIeTKy, a Takxke 00JiaiaeT 00bIION MEXaHUYECKOM KECTKOCTHIO.

VYraeponHbeie U rpacMTOBBIC BOJIOKHA HE TOJBKO MCCIEIYIOTCS, HO U TIPUMEHSIIOTCSI KaK
apMUpYIOIIUe HAMOJHUTEIN B IMMOJIMMEPHBIX MaTPULIAX, JJISI CO3IaHMST BBICOKUX MTPOYHOCT-
HBIX XapaKTePUCTUK, a TAKKe TTOBBIIIIEHUS] TBEPIOCTU U XECTKOCTU KOMITO3UTOB.

B nepBbIX MOMbITKaX yIPOYHEHUSI TEPMOILJIACTOB, YIJIEPOIHbBIE YACTUIIbI ObLIM CMEIIaHbI
¢ noaumepamu. Jlaxxe Ha MaJIbIX KOHLUEHTPaLUSIX ObUIO 3aMEYEHO YCUJIEHUE TTPOYHOCTHBIX
XapaKTepUCTUK TepMOIIacToB. COmIacHO U3MEPEHUSIM BSI3KOCTU PaCIl/IaBoB, TpaceH u3Me-
HsIeT KOHMOpMaLUI0 MAaKpOMOJIEKYJ [5], B pe3y/ibTaTe yaydllaloTcsl MeXaHUYeCKUe Xapak-
TEPUCTUKU KOMITO3UTA.

DnacToMephl IIPEACTABIISIOT CO00i aMOp(HbBIE TTOJIMMEPHBI, 00J1a1aI0II1e BRICOKOM YIIPY-
roit necdopmaieil 1 BOCCTaHaBIMBAIOIIME CBOIO MEPBOHAYAIBLHYIO (DOPMY MOCJIE€ CHSITUS
nedopmupytoiieii cuiibl. OHU IIMPOKO UCIOJB3YIOTCS B COBPEMEHHOI KM3HU, OCOOEHHO B
aBTOMOOWJILHOM MPOMBIIIUIEHHOCTU (IIIMHBI, TOPMO3HbIE CUCTEMBI, 11aCCH, JeTaad WHTE-
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Taomuua 1. BausiHve cteneHu HanoJiHeHUsI rpadeHa Ha MPOYHOCTHBIE XapaKTEePUCTUKN KOMITO3UTA

Hanonnenue rpadpenom, mac. %

[Tokazarenu
0 1 2 4 6
Ipenen npouHocTy ripu pactskeHuu rpu 20°C, MIla 1.62 1.81 2.10 2.70 2.92
VnnunHeHue npu paspbise rmpu 20°C 182 173 163 176 124
Ipenen npounocTy 1ipu pactsokenue pu 125°C, MIla 0.86 0.89 1.45 1.43 1.70
VunuHeHnue npu paspbie npu 125°C 59 50 41 54 47
IIpouHOCTh Ha pa3pbIB, KI'C/CM 7.4 7.6 11.0 11.7 11.9

pwepa u T.1.). Bo MHOruX citydasix ajisi MpOIJISHUST CpoKa CIIy>KObI 31aCTOMEPOB U JaJIbHEl -
IIEr0 paciIupeHust chepbl UX TMPUMEHEHUST TpeOyeTcsl YIydlleHWe HMX MeXaHWYeCKUX
CBOIICTB. YayUllleHHbIE MEXaHUYECKUE CBOMCTBA, TaKUe KaK MMPOYHOCTb CLEIIEHUsI, pa3pbIB
¥ U3HOCOCTOMKOCTD, OB 3apeTUCTPUPOBAHBI [JIST Pa3IMYHBIX HATIOJIHEHHBIX YIJIEPOTHBI-
MM BOJIOKHAMM 3JIACTOMEPOB, BKJII0Yast GPTOPUPOBAHHbBIE 3JIACTOMEPHI U KaydyKHu [6].

[Tpu no6aBIeHNUM YIJIEPOMHBIX MATEPUAIOB YBEIUUMBAETCS TIPOYHOCTD MPU PACTSKEHU U
¥ COTNIPOTHUBJIeHUE AedopMaliiu MpKU Harpy>keHuH. BKiioyeHre HaHOHAMONHUTENS B 3J1a-
CTOMEPHI SIBJISIETCSI TTEPCINEKTUBHBIM, HO HEIOCTATOYHO M3YyYEHHBIM ITOAXOIO0M, KOTOPHIi
MOXKET aTh MaTepUaJibl C TMOBBIIIEHHON N3HOCOCTOMKOCTBIO U COMTPOTUBJIEHUEM Pa3pbIBy U
B TO XK€ BpeMsI IEMOHCTPUPOBATh O0Jiee BLICOKKE 3HaYeHUs AeopMalliy IIPU pa3pylIeHUH.

ITpu BBeneHuM rpadeHa B MOJIMMEPHYIO MaTPUILy MOXHO 3HAYUTEIBHO YIYUIIUTDL (DU3U-
YyecKue CBOMCTBa IOJMMEPOB HOCHUTEJICH, MpU BechMa HeOOJbIIMX Harpy3kax. Ha cero-
TMHSIIHWN JeHb CYIIECTBYET ABE MPOOJIEMBbI, C KOTOPBIMU CBS3aHO OTCYTCTBUE ITPOMBITIIEH-
HOTO ITpUMeHeHUs rpadeHa, Kak HarnmojHuTes. Huskast apeKTHBHOCTh COBpEeMEHHBIX Me-
TOMIOB €ro MOJYYEHUST U BbICOKas 1IeHA.

I1o pe3ynabraTaM 3KCHEPUMMEHTOB, IPOBEAECHHBIX B [7] Ha OyTagueH-HUTPUILHOM Kay4dy-
Ke, OblJIa YCTAaHOBJIEHA 3aBMCUMOCTh MPOYHOCTHBIX XapaKTePUCTUK OT CTEIEHU HAaIlOJIHE-
Hus ero rpadeHoM (Tab. 1)

Kak BugHO M3 Tabj. 1, 3HaYeHUs Mpenesa MPOYHOCTU KOMIO3UIIMOHHOTO MaTepuajia
YBEJIMYMBAIOTCS TIOYTHU B IBa pa3a ¢ YBeJIMUCHUEM colepXaHus rpadeHa, a Takxke mpouyHo-
CTM Ha pa3phIB B ITOJITOpa pa3a. DTo obecrieunBaeT JIydlline 3KCIUTyaTalluOHHbIE XapaKTepu-
cTuku. [TpOYHOCTHBIE XapaKTEPUCTUKM 3aBUCST OT JOKIbHBIX LIEHTPOB HATSXKEHUSI, KOTO-
peie, Giaaromapsi BBeIeHHUIO TpadeHa, BRIICPKUBAIOT OOJBIIYI0O HAarpy3Ky. YeM OoJbllle 3TH
3HAUEHUsI, TeM MeHbllle Ne(eKTOB B KOMIMO3UIIMOHHONM CTPYKTYype, U TEM OOJIbIIIE CPOK
CITY>XOBI TOTOBOTO M3esHs. POCT 3HaUCHUSI MOXET OBITh CBSI3aH C TEM, YTO YaCTHUIIBI Tpade-
Ha 3aIoJIHSIOT 00BbEM ITyCTOT ITOJIMMEepa U TEM CaMbIM YMEHBIIIAIOT KOJINYECTBO JTOKATbHBIX
LIEHTPOB HATSKEHUST M, COOTBETCTBEHHO, CHUKAETCS BEPOSITHOCTh 0Opa30BaHUs TPEIIUH B
00beMe KOMMO3ULIMOHHOTO MaTepuaa.

BBeneHue rpadeHa B MaTpully TepMO3JacToIUIacTa 0J1aroTBOPHO BIIMSIET HA CTPYKTYPY
noiauMmepa [8]. MUKpOCTpPYKTypa XapakTepru30Bajach CKaHUPYIOIIEi 2JIeKTPOHHON MUKPO-
CKOIMMel M KOJMYECTBEHHO OINpenessuiach ¢ MOMOIIBIO TOJSPU30BAaHHONM paMaHOBCKOM
crnekTpockonuu. I'paceH ObLI XOpOIIO pacrnpeneieH, U OpUEHTALMSI YaCTUIL 10 CEYECHUIO
OTJIMTBIX MOJ, TaBJICHEM 00pa3lioB COOTBETCTBOBAJIA TTPOMUITIO CKOPOCTHU CIBUTA MEXaHMU3-
Ma (POHTAHHOTO MOTOKa. MexaHn4YecKue CBOMCTBa HAHOKOMITO3UTOB OBbLIN OLIEHEHBI ITyTeM
WCHOBITAHUM Ha pacTsSDKeHUE, W ObLIO OOHAPYKEeHO, YTO YaCTHUIILI IpadeHa CII0OCOOCTBOBAIN
3HAYUTETbHOMY YJYUYIIEHUIO KaK I10 K€CTKOCTH, TaK 1 10 IPOYHOCTH.
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Tabmuua 2. XapakTepuCTUKY KOMITayHIa

HaunmMeHoBaHue xapaKTepuCTUKHU Meronuxa 3HaueHue
HUCTIBITAHUS

[L1oTHOCTD, I/cM> 1SO 2781:2008 0.96
[Toka3zartenb TekyvyecTu pacruiasa 190°C 5kr, r/10 MuH ISO 1133-1:2011 15.3
YcnosHoe HanpstxkeHue nipu 100% ymiviHenuu, MIla ISO 37-2013 2.4
VYcnosHoe Hanpsikenue npu 300% ymiuHenuu, MIla ISO 37-2013 5.1
YcinoBHas IpOYHOCTH TIpU pacTsekeHun, MIla ISO 37-2013 12.3
OTHOCHTENIBHOE YIJIMHEHKE IIPU pa3pbiBe, % ISO 37-2013 660
OcrarouHas aedopMalius rmocjie paspbisa, % ISO 37-2013 32
Hanpsixenue nipu 20% cxarust, MI1a ISO 815-1-2019 2.27
Hanpscxenue npu 50% cxatuu, MIla ISO 815-1-2019 5.04
Hanpsxenue nipu 80% cxkatuu, MIla 1SO 815-1-2019 23.8
OcrarouHas nedopmauus Ipu cxatuu, % ISO 815-1-2019 18.1

OKCITEPUMEHTAJIBHAA YACTb

ApmupoBaHue MaTepuasia Ha ocHoBe TOII siBiisieTcst akTyanbHOM 3aia4deil 1151 najibHe -
IIIETO Pa3BUTHST OTPACIIU, TIOCKOIBKY MTO3BOJIUT CO3aBaTh U3 HETO U3IETUsI C YHUKATbHBIMU
MTOJIE3HBIMM CBOMCTBaMU.

OmHako apMUpOBaHUWE B pacruiaBe sSIBJISIETCSl OUYEHb CIIOKHOM 3amaveil, TTOCKOJbKY BSI3-
KOCTb MaTepuaJia OYeHb BBICOKA U TPEeOYIOTCS OOJBIIIOE YCWIINE CABUTA U BpeMsl pactipesie-
JeHusi. B kauecTBe apMUpylolIero HanoaHUTe sl ucnonb3oBaiics rpadeH mapku ['TIC npo-
usBonacTea KoMmmnanuu “ITK®D AnbsaHc” ¢ MacCOBBIM coaepxkaHueM rpadera 99.8%, yumciiom
cJ10eB OT 2 10 5, ToNMHOM OT 1.5 1o 3.5 HM 1 nuameTpoM OT 1 10 10 MKM.

PenenTypa koMnayHzaa, UCITOJIb30BAHHOTO JIJIsI apMUPOBaHUSI:

CBC J1 7420 — 70 mac. %,

IMonucTupost ob61ero Ha3HauyeHus 525 — 20 mac. %,

Macio 6azoBoe VHVI-4 — 10 mac. %.

WccnenoBaHHbIe (U3UKO-MEXaHUYECKME XapaKTEPUCTUKM TIPeICTaBIeHbI B Ta0I. 2.

B nanHoIi paGoTe MpoBeaeHO UCCIeN0BaHe IECTU Pa3IMYHbBIX CIIOCOOOB BBEASHMUS Ha-
HOHAIOJIHUTEJISI B MATPUILy TEPMO3JIACTOILIACTA.

JIJIst M3roTOBJIEHUSI KOMITO3ULIMM TEPMO3JIACTOILIACTA MCITOJIb30BaJICSI JABYXIITHEKOBBIM
kommayHaep Coperion ZSK 18 co mrHekamMu, BpalllaloIIMMICSI COHAIIpaBJIEHHO, (PUJIbepOoit
IMaMETPOM 2 MM U TSHYIIUM 3JIEMEHTOM C pe3aKoM JIJIsl u3MeJibueHUs aKkecTpynara. Paboune
TeMIlepaTyphbl UCIToab30Baiu oT 160 1o 180°C, Bce KOMIIOHEHTHI IOAABAIMCH Yepe3 403aTop,
paboraromuii mo cucteMe “loss in weight”, pacIuIaBISIMCh U TTEPEMELIMBAJICH B MaTePH-
aJTbHOM HWJIMHIApPE KOMITayHAepa OJjaromapsl MepeMelInBaloliMM ITHEKOBBIM 3JIEMEHTaM,
Jajee CMech MPONAaBIMBAIACh Uepe3 OTBEPCTUE (DUITbEPHI U, IPOXOs Yepe3 BaHHY C BOJIION,
OCTBhIBaJIa U Hape3aJiaCh Ha rpaHyJibl.

Jns Hanmutkn CBC ucnonw3oBaiics typobocMecurtenb Labtech LMX 5-VS B koTopslii no-
MENIaJcs TePMOBJIaCTOIJIACT U HAHOHAMOJIHEHHOE Macjio, CMeCh MepeMelInBaiach TMpu
1400 06./mMuH B TeueHue 20 MUH.

s IipoBeeHUsT UCTTBITAHW M3TOTaBIMBAIA CTAaHIAPTHBIC JIOMTATKU MEPBOTO TUIIOPa3-

Mepa 1o ISO37—20131, a Takxe UWIMHAPH! mo 1SO 815-1:2019% um A nuameTpoM 29 MM u

1150 37-2013 Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties. Published
2016-01-01. 2014. P. 28.

2 [SO 815-1:2019 Rubber, vulcanized or thermoplastic — Determination of compression set — Part 1: At ambient or
elevated temperatures Published 2019-11-01. 2019. P. 20.
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TOJMIMHOM 12.5 MM. JlonaTku BIpyOaIuch HOKOM U3 TJI0CcKOro rcta u3 TAI1, monyyeHHO-
ro MeToaoM TepMmornpeccoBaHust npu 170°C, LWIMHAPHI MOJYYAIUCh TTyTEM MPSIMOTO TEPMO-
MpeccoBaHus MaTepraia B GopMy ¢ TpeOyeMbIMU pa3MepaMU ISl CTaHIAPTHBIX UCTTBITAHUIA.

Wcnbitanus ObUIM IIpOBeASHEI Ha pa3pbIBHOM MamumHe Zwick Roell Z5.0 ¢ makcumans-
Hoi crtoii pa3peiBa 5000 H. [Imst monmatok MCITOIb30Bajach CKOPOCTh aKTUBHOTO 3axBara
500 MM/MWH TIpY TeMITIepaType okpyxatoieit cpeant 23 + 2°C o 1ISO37-2013, a nis nmimH-
JIPOB CKOPOCTh aKTMBHOTO 3aXBaTa Obljia BbiOpaHa 10 MM/MUH IIpU TeMIIEpaType OKpyKalo-
meit cpennr 23 £ 2°C o ISO 815-1:2019 meTon D.

ﬂ,f[ﬂ IIOATOTOBKUM NUCIICPCUU HAHOHAITOJTHUTEIIA OBLIO MOATOTOBJIEHO MAcCJI0 B KOJIMYE-
CTBC, HEeOoOXOOUMOM JJISI UCTIBITAHUSI COIJIACHO pPEUCITYPE, B HETO Jn00aBJIeH COOTBETCTBYIO-
1007054 IIPOLICHT HAITOJITHUTEJIA OT obmmeit MacCChbI, IMOCJIC YE€TO HAIMOJITHUTEIb pa3MECIIMBaJICA B
Mmacije.

Cmewernue macaa c epagheHom Ha ronacmuoil meuwanke u esedenue ¢ TOII.

B nanHOM crioco6e HaHOHAMOJIHUTEJb EpEMEIIUBAJICS B Macjie B TeueHue 2 4 byiaroaapsi
JIonacTHOM Memajike, najee Macio cmemuBaiu ¢ CbC, momemanu B Typbocmecutenb. [1o
OKOHYAHMM HAIIUTKKM MAaCJIOM HO0aBsUIA MoaucTupona obiero HazHadeHus (ITCOH) u
KOMITayHINPOBAJIH.

Jsoiinoe npoxodcoenue 3mana KOMNAyHOUpoB8aHusl.

KommayH, mojrydeHHBINA TTEPBBIM CITOCOOOM, MOCJIE TPAaHYJIMPOBAHUS HAIIPABIISIICS T0-
BTOPHO JJTsl TPOXOXKAEHMS dTarna KOMIayHIUPpOBaHUsI, TIe OH CHOBA IJIAaBWICH, ITepeMEIIN-
BaJIcs, TIPOAABIMBAJICS Yepe3 DUIbEPY, OCTYKAJICSA U IPaHyIUPOBAJICH.

Hanumka snacmomepa macaom u onyopusanue epagerom.

CBC cMmemmBanu ¢ MacjoM B ITakeTe W, He JOBOMS IO IOJIHOTO MOIVIOIICHUST Macha,
OITyIpPUBAJIM CMeCh rpaeHOM U TTOMEIIAIM B TYPOOCMECUTEb OO TTOJTHOTO TOTJIOIICHMS
macina. Jlanee no6asisiin [IICOH u kommayHaupoBaiu.

Onyopusanue epagerom cyxoeo CHhC ¢ nocaedyroweii HanumKoil Macaom.

DnacroMep onyapuBaiu rpadeHOM, 3aTeM J00ABJISLIA MAacjo U nepeMelluBaiu B Typoo-
CMecHTeIe 10 TTOJTHOTOo MoryioleHus Macia, naiee nooasisiii [ICOH n koMnayHaMpoBaIu.

Omoenvrutii 6600 epaghena ¢ [ICOH c nocaedyrouwum cmeuienuem ¢ 0CmanbHuiMu KOMNOHEH-
mamu.

I[Momactupon onynpuBaau rpaddeHOM, KOMITAayHAMPOBaIn, 3atreM HanoiaHeHHbI [ICOH
CMEIIMBAJIM C OCTAJbHBIMUA KOMITOHEHTaMU, TepeMelInBaii B TypbocMecuTesie 1 BHOBb
KOMITayHAMPOBAJIHU.

Cmeuterue macaa c Zpad)eHOM 6 YA1bmpAa3eyKe U CmeuleHue ¢ OCmdaabHbiMU KOMNOHEeHmAamu.

HarmoJyiHuTe b cMelMBaIu ¢ MaCJOM U OMeELIaIU B VJIbTPa3BYKOBYIO BAHHY Ha 2 4, gajee
maciio BBomyi B CbC n InepeMeiBajiu B Typ6OCMeCI/IT€J'[€. ITo okoHYaHUM HAIIMTKU Mac-
JIOM DO0aBJISLIA IIOJIMCTUPOJI U KOMITAYHOIWPOBAJIN.

PesynbraThl (hU3MKO-MEXaHUYECKUX UCITBITAHUIA PA3JIMYHBIX CIIOCOOOB CMEIIEHUS MPU-
BeleHBI B Ta0. 3.

Takxke ObLIO MCCIENOBAHO BAUSIHUE TEXHOJOTMYECKUX NTapaMeTPOB KOMITAyHAUPOBaHUS
Ha (QU3UKO-MEeXaHUYECKHEe MapaMeTpbl HAMOJHEHHBIX TepMO3JacToruiacToB. beliu uccie-
IOBaHBI TeMrepaTypHbie pexxuMbl 150 1 180°C. [t IpoBeaecHUS UCITBITAHNS ITOATOTABIIH -
Baym cMech CBC ¢ rpadpeHOM 1 KOMITayHAUPOBAJIN IIPH Pa3INIHBIX TeMIlepaTtypax. Pe3yib-
TaThl (GDU3UKO-MEeXaHNIYECKUX UCITBITAHWUM ITPUBEICHBI B Ta0I. 4.

Wcxons u3 pe3yabTaTOB UCIBITAHUI ObUIO MPUHSTO pelIeHre HUCCaeaoBaTh 0ojiee pac-
IUPEHHO (PU3UKO-MEXaHUYECKNE XapaKTEPUCTUKU, UCTIOJIb3Ysl ONTUMAIbHbIE TEXHOIOTU-
yecKue rmapaMeTpbl B KOMOMHALIMM C YITPa3ByKOBBIM JIUCHEPIrUPOBAaHEM HAHOHAIIOJHU-
Tens B Macie (Ttabi. 5).
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Tabmua 3. Ou3nKo-MexaHMYeCKUe XapaKTepUCTUKU MCCIEAOBAHHBIX 00pPA3LIOB 1IECTH Pa3InYHbIX

Ccroco0oB

HanMeHoBaHMe TTOKa3aTest Cnioco6 1 | Cioco6 2

Cmioco6 3 | Cnioco6 4

Croco6 5

Hanonnenwue rpadenom, mac. % 0.1 |0.5]0.1

YcnosHoe Hanpstxenve ipu 100% | 3.4 | 3.5 | 3.4
ymmHeHuu, MIla

VYcenosHoe Hanpsikenue mpu 300% | 6.2 | 6.2 | 6.2
ymivuHeHuu, MIla

VYcnoBHasg npoyHoCTh npu pacts- | 11.6 | 11.5 | 11.6
xxeHuu, MIla

OtHocuTeabHOEe yumuHeHue mpu | 630 | 640 | 630
paspbise, %

OcrarouHas nechopmalnus rmocie 16 | 16 | 16
paspbiBa, %

0.5
35

6.2

11.5

640

01(05]0.1]05]0.1
32130(34|35|32

6.0]6.7]62|62]|52

1.7 | 11.2 | 11.7 | 11.0 | 10.7

520 | 510 | 520 | 540 | 520

16

0.5
3.1

5.7

11.0

540

19

Croco0 6
0.1 0.5
2.8 3.7
6.6 | 6.9
12.9(12.6
630 | 680
20 | 20

Taomuua 4. PU3NKo-MeXaHUIECKHNE XapaKTCPUCTUKU UCCICI0OBAaHHbBIX o6pa3uo13 ITPU pa3HbIX TEMIIC-

paTypax KOMIayHIUpOBaHHUsI

HaumeHoBaHue moka3aTes

Hanonnenue rpadpeHom

0.1 mac. % 150°C

VYcnoBHoe Hanpspkenue npu 100% ynnuuenun, MIla
VYcnosnoe Hanpsikenue nipu 300% ymmunenuu, MI1a
YcnoBHas MpOYHOCTH MpU pacTsikeHuu, MITa
OTHOCUTEIbHOE YIJTMHEHNE TTPU pas3pbiBe, %
OcraTtoyHas nepopMalnius mocie pa3pbisa, %

0% 0.1 mac. % 180°C
1.1 1.2
2.4 3.2
15.0 15.2
820 720
9 6

3.1
5.7
16.1
840
6

Tabmuna 5. PacmvrpeHHbre (1)H3VIKO—MeXaHI/I'{eCKHe XapaKTCPUCTUKU UCCIIEAOBaAHHbIX 06pa3u03

HaumeHoBaHue nokasarest 0% 0'11341-?((::' % 0.2%1\]11[%:. % O'Srhﬁg %

IITP npu 190°C, r/10 muH (riporpes 4 MuH, Tpy3 S kr)| 15.3 19.2 19.2 18.8
YenoHoe HanpsikeHue ripu 100% ymmnenuu, MIla| 2.4 2.4 2.4 2.4
YcnosHoe Hanpsikenue pu 300% yumaenuu, MITa| 5.1 5.5 5.6 5.7
‘VcnoBHast TpOYHOCTD NpH pacTsikeHuun, MIla 12.3 14.5 14.1 12.6
OTHOCHUTEIbHOE YIUIMHEHUE IPU pa3pbiBe, % 660 640 660 610
OcrarouHas nedopmaLus ocje paspbeisa, % 20 20 21 19
CornportusneHue pasnupy, KH 70 78 72 74
DJIaCTUYHOCTh IO OTCKOKY, % 23°C 45 49 47 47
[NoTepst o6beMa npu UICTUPAHUU 105 97 112 117
no Lllonmep—IIno6axy, MM 3 (MeTon B)

[MoTepst 06BeMa MPU UCTUPAHUT 72 65 69 78
no [onmnep—ILno6axy, mm 3 (MeTon A)

Harnpstxkenue ripu 20% cxkatun 2.27 2.22 2.66 1.62
Harnpstxenue ripu 50% cxxatun 5.04 5.88 6.27 4.36
Hanpsixenue ipu 80% cxkatum 23.8 34.4 35.2 28.7
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Puc. 1. lepopmalimoHHble KpMBBIE UCITBITAHUS 00pPa3LIoB Ha cxaTue 10 50% nedopmanuu.
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Puc. 2. ledopmanimoHHbIe KPUBbBIE UCTIBITAHUST 00pa31LoB Ha cxkatue 10 80% nedopmariviu.

OBCYXIEHMUE PE3VJILTATOB

ITo pe3ynmbTaTaM UCMBITAHUM OBLTM TTOJYYeHBI (DM3UKO-MEXaHUUECKUE XapaKTePUCTUKNA
MaTepuasioB, TTOJYYEHHBIX IIECTHIO PA3TMIHBIMU CITOCOOAMM CMEIIIeHUsT KOMITayHaa. YcTa-
HOBJICHO, YTO NMPOYHOCTb IPU PACTAKECHNU JIs JIONATOK, BBITTOJJHEHHBIX C yJ'[pra?;ByKOBOﬁ
JUCTiepraiyeil HAHOHAMOJHUTENS B MacJie MOKa3bIBaeT HAWTYYIIUI pe3yabTaT, OAHAKO IO-
BbIIIEHNE (PU3UKO-MEXaHNYECKUX XapaKTePUCTUK He3HAYNTETbHO, MeHee 10%.

Ha puc. 1 u 2 npeacrasieHsl AeopMallMOHHBIE KPUBBIE 00Pa310B IIPY CXKaTUHM MaTepra-
sa. Hanpsikenue mpu 20% cxxaTtust 11st Matepuaiia ¢ HanmoaHeHuem 0, 0.1, 0.25, u 0.5 mac. %
coctaBwio 2.27, 2.22, 2.66 u 1.62 MITa cOOTBETCTBEHHO, JIyUIIINil pe3yabTar IToKa3aa oopa-
3en1 ¢ HanoytHeHueM 0.25 Mac. %, HanpstkeHue Boile Ha 50% (puc. 3).

HcnblTaHre Ha cXaTue MPOBOAWIOCH MO TpeM obOpasliaM, najiee pe3yabTaT yCPeTHsIC,
OTKJIOHeHHe cocTaBwio 3%. McribiTaHne Ha pa3pbiB IMPOBOIMIIOCH ITO MSTH 0OpasiaM, najiee
pe3yIbTaT YyCPEAHSIICS, OTKIIOHEHHWE coCcTaBmiIo 5%. JlaHHOe OTKIIOHeHWEe YKa3aHo Ha puc. 3
¥ 4 11ana3oHOM BO3MOXHBIX 3HAUEHUIA.

HamnpsokeHue Mpy OOMHAKOBOM YIJIMHEHUM Y MaTepuana ¢ coiepxanuem 0.25 mac. %
rpadeHa BBIlIE MO BCel MIMHe NeOpMAlIMOHHON KPUBOM, HAMpPsDKEHUE MPU CKaTUU Ha
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Puc. 3. 3aBucumocTb HanpsikeHust ipu 50% nedopmanuu cxkaTusi OT KOHLUEHTPALUKU HATIOJTHUTESI.
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Puc. 4. 3aBUCUMOCTb MPOYHOCTHU MIPU PACTSKEHUM OT KOHIIEHTPALIMY HATTOJTHUTEJIS.

50% Boitne Ha 25%, a ipu cxxatuu Ha 80% HamnpsikeHue BbIine Ha 50%, 4TO CBUIETETbCTBYET
0 OOoJIbIIIEl TIPOYHOCTH MaTepHasia 1o CPaBHEHUIO ¢ HEHATTOJTHEHHBIM 00pa3IioM.

M3 puc. 4 BUTHO, YTO MTPOYHOCTH MPU pacTsKkeHuH Wit oopasia ¢ 0.1 u 0.25 mac. % I'TIC
Bbillle Ha 18 1 15% cooTBeTcTBeHHO. Takoil pe3ynbTaT MOJydYeH Oyaromapsi yBEIMIEeHUIO
TUTOIIAIN pa3phiBa 3a CYET OTMOAHMST YIJIEPOTHBIX YaCTHII.

OTMETUM TaKXe, YTO B KoMmayHiae ¢ comgepxxaHueM 0.1 mac. % rpadeHa HabGmogaercs
POCT COTIPOTUBIIEHUSI ICTUPAEMOCTH U pa3aupy Ha 10%.

s obpasia ¢ HaronHeHueM 0.5 Mac. % HaMOJHUTENS MPOYHOCTh Ha pa3pbiB U HAMPSI-
sxeHue ipu 20% cxXaTuy MeHbIIIe, YeM Y HEHAMOJTHEHHOTo 00pa3iia, 3TO CBSA3aHO C TEM, YTO
MPEBBIIIEH MOPOT ONTUMAIBLHOM KOHIIEHTPALIMU 10 JaHHOMY HarojiHuTelo. [Tpu 6onblieit
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KOHIIEHTPALIMU, TIPEAINOJIOXUTEILHO, TpadeH UMeeT OOJIbIIYIO arjloMepaluio YacTUll, 4YTO
MPUBOAUT K 3HAYUTESILHOMY YKPYITHEHMIO YaCTHUIl U HETATUBHO CKa3bIBaeTCsl HAa MMPOYHOCT-
HbI€ XapaKTePUCTUKN TEPMODJIACTOIIACTA, TTOCKOJIBKY KPYITHBIE arJoMepaThl UMEIOT MEHb-
Y10 MOBEPXHOCTh CONMMPUKOCHOBEHMS C MaTPUIIEH TTOJIUMeEpa.

SAKJIIOYEHUE

ITo pesynabTaTaM McCleqOBaHU, HAaUTydlllee pe3ybTaThl pacrpenenaeHus rpadeHa B mo-
JIMMEPHOM MaTpUIle TEMOHCTPUPYET COUeTaHUE YIbTPAa3BYKOBOM AUCIIepraliiii HAHOHATIOJ -
HUTENST U BBICOKHE CIBUTOBBIC HArpy3Kd IPU MOHMXKEHHOM TeMIiepaType nepepaboTKH B
KOMITayH/Iepe, KOTOpbIe TTOKA3bIBAIOT MOBLIIIIeHNe Ha 50% HampssKeHWe MpU CKaTHU U Ha
20% TpOYHOCTH TIPU PACTSIKEHUM.

CTOUT OTMETUTH, UYTO 00pasLbl ¢ BBeAecHueM rpadena 0.1 u 0.25 mac. % uMeroT mpou-
HOCTb, TIPEBOCXOISIIIYI0 HEHAMOJIHEHHBIN MaTeprall 3a cueT 3¢hGdeKTa OpUeHTalluu MOJIe-
KyJI, a TaKXKe BbIIEPXKMBaeMOe HaMNpsKeHUE HAa BCeM MPOTSKEHUU 1eOpMaIlMOHHON KpHU-
BOIi. MOXHO clies1aTh BbIBOJ, O TOM, UTO TPU OAMHAKOBOM BO3ACHCTBUY Ha U3NEHE, TaHHbIS
o0Opa3ubl OyneT MeHble 1e(OopMUPOBATHCS, YTO MPOAJIEBAET CPOK €0 CITYKOBI.

Takum oOpa3om, HECMOTpsI Ha HEOOJIbLION BBOA rpadgeHa, mMaTepuanl AEMOHCTPUPYET
3HAYUTEJbHBIM POCT MPOYHOCTHU MO CPABHEHUIO ¢ HeHaroJHeHHbIM TOII, u MoxeT ObITh
paccMOTpPEH ISl IPUMEHEHUS B alAUTUBHBIX TEXHOJIOTUSIX KAK MEePCNEeKTUBHBIN MaTepual
IIJIS pa3JIMYHbBIX OTPACIICH TPOMBIIIUIEHHOCTH.

PMHAHCHUPOBAHUME

WccnenoBaHue BBIMOJIHEHO 3a cueT rpaHTa Poccuiickoro HaydyHoro ¢oHma (IpoexT
Ne 20-73-10171).
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