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OKCNMEPUMEHTAJIbHOE UCCNIEAOBAHUE BITUAHUA
BbICOKOTEMMEPATYPHOWU OBPABEOTKU TKAHOIO
HAMONHUTENSA HA NPOYHOCTHbLIE CBOUCTBA
YIrMEPOOHbLIX KOMMO3UTOB

Wcecnepyetca nosegeHve yrmepogHoro komnosuta (YKM) B npouecce MexaHW4ecKux ucnbita-
HWUIA Ha pacTsbkeHue n cxaTtne. Obpasubl AN UCNbITAHWIA U3rOTABMMBANUCh U3 YIINepPOaHbIX 3aroTOBOK C
pasHbIX TEXHONMOIMYECKUX 3TanoB NPOM3BOACTBA Yriepoa-yrnepoaHoro komnosuta. B kayectse apmu-
pyloLLIero KOMMOHeHTa MaTepuana Vcrnonb3oBanuch ABa TUNa HarnomnHWTens, oaunH U3 KOTopbiX noasep-
rancsi JONonMHUTENbHONM BblCOKOTEMMNEPATypHOU obpaboTke. MexaHnyeckme UcnbiTaHUs NPOBOAMIUCH
Ha yHMBepcarnbHOW 3nekTpomexaHuyeckoln cucteme Instron 5882 ¢ ucnonb3oBaHWeM GeCKOHTaKTHOrO
BuaeoakcTeHsomeTpa AVE Instron ans 3anvcu npogonbHbix Aedopmauui B obpasue. B npouecce
UCMbITaHUA MPOBOAMUNACL HEMPEPbIBHAs 3anMMCb CUrHANoOB akycTuyeckon amuccum (AD) cuctemon
AMSY-6 c ncnonb3oBaHMEM BbICOKOYACTOTHBIX MpeobpasoBaTenen ¢ pabounm guanasoHOM 4acToT
450-1150 kl'u. Bo usbexaHne 3anuncu LIyMOB, BO3HMKaOLWMX OT paboynx YacTten ucnbiTaTenbHon ma-
LUKHbI, NpoBoAMmnack unbTpauMs CUrHanoB MO HWU3KOYACTOTHOM KOMMOHeHTe. Takke mnpoBoaunacb
CMHXPOHU3aLMs CUCTEMbI 3anucK curHanos AD ¢ BUOEOIKCTEH3OMETPOM M YCTAHOBKOW AN MexaHu4e-
CKUX McnbiTaHui. o nonyyYeHHbIM pe3ynbTaTaMm CTPOUMUCH rpadmky 3aBUCUMOCTEN Harpysku u napa-
MeTpoB curHanoB A3 (MMKOBas aMnnnTyda, SHepPreTM4ecknid napameTp) OT NepemeLLeHui, a Takke
pacnpefeneHns NMKoBbIX aMnnuTya OT KONMYEeCTBa CUrHamnoB. Ha OCHOBaHMM 3HayeHU napameTpoB
BbIAENSANUCb OCHOBHblE MEXaHW3Mbl paspyLueHusl koMnosuTta. B 3aBMCMMOCTM OT TEXHONOrM4eckoro
3Tana v Tuna UCMnosib3yeMoro HarnosnHUTens y o6pas3LoB BbisIBNEHb! pasnuyms B NpoLecce HakonneHus
nospexaeHui. CaenaHo NpeanoroxeHue, YTo y matepuarna Ha OCHOBE HanonMHWUTENS, nogBepraemMoro
OOMONHUTENBbHOM BbICOKOTEMMEpaTypHou obpaboTke, HabniogaeTca Xxydlwas agresvst KOMNOHEHTOB,
YyeM y MaTepuana 6e3 gononHuTenbHon o6paboTkm HanonHuTens. Takke BbIIBMEHO, YTO U3yyYeHue
NPOYHOCTHbIX CBOMCTB M MEXaHU3MOB pa3spyLueHusi 3aroToBok YKM ¢ HauanbHbIX 3TanoB M3roTOBMEHWS
Mo3BOMSET CMPOrHO3npoBaTh NOBEAEHUE FOTOBOrO MaTtepuana, 6e3 npoxoxaeHus 4opOrocTosiLLEro U
ONVTenbHOro npoLecca NPou3BOACTBA.

KnroueBble cnoBa: akcnepumeHTanbHas MexaHuka, UCMblITaHWUs Ha pacTsXeHue, ucnblita-
HWUSi Ha cXaTue, yrnepofHble KOMMNO3ULUOHHbIE MaTepuarsl, akycTu4eckasi SMUCCUSI, MEXaHU3MbI
paspyLueHusi.
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EXPERIMENTAL STUDY OF THE EFFECT
OF FABRIC HIGH TEMPERATURE TREATMENT
ON THE COMPOSITE STRENGTH PROPERTIES

This work presents an experimental study of carbon composite properties and behavior during
tensile and compression tests. Samples were produced from carbon preforms of different processing
steps of carbon composite manufacturing. Two types of fabric were used to fabricate the composite.
One of them was subject to additional high-temperature treatment. Mechanical tests were conducted on
electromechanical system Instron 5882 using advanced non-contacting video extensometer (AVE) In-
stron to record longitudinal strain inside samples. Continuous acoustic emission (AE) signals monitoring
was conducted during tests by acoustic measurement system AMSY-6 and high-frequency sensors with
operating band from 450 to 1150 KHz. In order to avoid recording the noise from the working parts of
testing machine the low-pass filtering of AE signals was carried out. Synchronization between AE
measuring system, electromechanical system and video extensometer was conducted. According to
obtained results, diagrams of load and parameters of AE signals (peak amplitude and energy parame-
ter) against displacement, and peak amplitude frequency diagrams were constructed. The main damage
mechanisms of the composite were determined based on AE parameters. Depending on processing
step and type of used fabric the differences in damage cumulative process were identified, which were
connected to adhesive behavior of composite components. It was also revealed that the material behav-
ior could be predicted by studying strength properties and damage mechanisms of carbon composite
preforms on the initial production steps without carrying out all the expensive and long process of com-
posite manufacturing.

Keywords: experimental mechanics, tensile tests, compression tests, carbon composites,
acoustic emission, damage mechanisms.

BBenenue

W3yyenue noBeneHus: Matepuaia B Mpolecce HarpyKeHHs 03BOJISET
BBISIBUTH TIOCTIEIOBATEILHOCTh Pa3BUTH OCHOBHBIX MEXaHHU3MOB pa3pylie-
Hus. Takas unpopmanys 1aeT BO3SMOKHOCTh CPAaBHUBATh MAaTEPUAIIBI C pa3-
JIMYHBIMU TUIIAMH apMHUPYIOIUX KOMIIOHCHTOB H CBA3YIONIUX. Enaroz[apsl
JAHHBIM, TOJYYEHHBIM JUIs KOMIIO3UTa Ha HA4aJlbHOM TEXHOJOTHYECKOM
JTarne, MOsBISETCS BO3MOXKHOCTh CHPOTHO3UPOBATh €r0 MOBEJIEHUE Ha TO-
ClIcaAyrmux sTamnax, 663 MPOXOKACHUA BCCTO AJIUTCIIBHOTO U JOPOTOCTOA-
mero mponecca M3roTOBJICHUA. HCpCHCKTI/IBHLIM B OTOM IIJIAaHEC SBJISACTCS
METOJI aKyCTHYECKOW sMuccHH (AD), KOTOPBIM IO3BOJIIET B pPeaIbHOM
MaciiTade BpeMeHU H3ydyaTh MPOIIECChl HAKOIUICHHSI TOBPEKICHHUI B MaTe-
puajic U COOTHOCHUTD 3apCruCTPpUPOBAHHBIC CUTHAJIBI C HCKOTOPBIMUA TUIIAMU
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nedexToB. [IpuMeHMMOCTh METO/a K U3YyUEHHIO MEXaHU3MOB pa3pylLICHUs
KOMIIO3UTOB paccMaTpUBaeTCs MIMPOKUM Kpyrom wuccienosareneit [1-5].
B paborax [6-9] meTonq AD mpumeHsiercss IJisi OLIEHKUA BIMSHHUSA CBOMCTB
Pa3HbIX HAIIOJHUTENIEH Ha MOBEICHUE KOMIIO3UTA B IIEJIOM.

Jlis conocTaBiieHUs] MEXAaHU3MOB pa3pylIEHUs C JaHHBIMU PETUCTpa-
K1 curHanoB AD TpeOyeTcsl MpoBeJleHHE CEpUM SKCIIEPUMEHTOB OMpee-
JIEHHOT'O pOoJia, TAKUX KaK PACTSKEHUE OJHOBOJOKOHHOIO KOMIIO3UTA, BbI-
TATUBAHKME BOJIOKHA M3 MAaTPUIILI U Ap. B HacTosmiei paboTe OyayT UCTIONb-
30BaHbl JIaHHbBIE JAJI YIJIEPOJHBIX KOMIIO3UTOB, TOJY4YEHHbIE B padboTax
[10—13], coracHO KOTOPBIM BBIACISIIOTCS JIBa OCHOBHBIX JMaNa3oHa 3Haye-
HUW MHUKOBBIX aMIUIUTYJ peructpupyemMbix curHanoB ot 30 mpo 60 nb mis
pacTpecKuBaHMsI MaTpULIbl U HAPYIIEHUs aAre€3uH MEXy KOMIIOHEHTAMU U
o1 60 1o 100 nb st BEITATMBaHMS U Pa3pbIBOB BOJIOKOH.

[lenpto paGoTHI SBISICTCS WM3Y4YEHHE BIUSHHS OOpaOOTKH TKAHEBOTO
HAIlOJIHUTEIIS Ha CBOMCTBA U MOBEJIEHUE B MPOLIECCE Pa3pyLICHUs YIIIEpPOa-
HOT0 KOMIIO3MLIMOHHOI'O MaTepHajla Ha pa3HbIX TEXHOJOTMYECKUX dTamax
C IPUMEHEHUEM METOIa aKyCTUYECKOU IMUCCHH.

JI1s M3roToBIeHHS KapKacoB KOMIIO3MTa UCIOJIb30BajIach yriepogHast
TKaHb TUNa YT900 capkeBOro mnepensieTeHus: ¢ paBHbIM KOJUYECTBOM HU-
TEeil IO OCHOBE U YTKy. M3 ciioeB yriepoaHoi TKaHU Habupascs makeT Toj-
IIMHOM 4 MM, KOTOPBIH 3aT€M MPOILINBAJICS HUTHIO. Jlajee nojaoBuHa nakera
MoJIBEprajach JOTOJHUTEIBHON TEpPMOOOpabOTKE TMTpU TeMIeparype
1800 °C. Temmneparypa NepBUYHOM TEpPMOOOPAOOTKM MaKeTa COCTaBisIa
1400 °C. Ha nepBoMm 3Tarne NpOIIMTHIE MAaThl U3 YIVIEPOJHOW TKAHU MPOIHU-
THIBAJINCh TOJUMEPHBIM CBSI3YIOLIUM, IOABEPraJIuCh CYIIKE Ha BO3AYXE,
YKJIaJbIBAJIMCh Ha METAIUIMYECKYIO IUIACTUHY U (PUKCUPOBAINCH MEXaHUYE-
ckuMu Iynaramu. [lomydeHHsle (OpMBI repMeTH3UPOBAIUCH MPU MTOMOIIU
BaKyyMHOT'O MeIIIKa, B KOTOpOM co3aaBajiock AasneHue 4 klla. Jlanee co6op-
Ky TMOMEIIaM B aBTOKJAaB, B KOTOpOM co3aaBaioch napienue 608 klla,
1 nonuMepusoBanu npu temneparype 130 °C ¢ mocieayromuM MeIIeHHbIM
oxnaxaeHueM. [locie 3Toro U3 yacTH yriaenaacTUKOBBIX 3aTOTOBOK C BBICO-
KOTeMIIepaTypHO © 0e3 BBICOKOTEMIIEpaTypHOi 00paboTku Kapkaca
B HallpaBJIEHUU OCHOBBI BBIPE3AJINCh IUIOCKHE OOpa3lbl JUIsl MPOBENEHUS
MEXaHUYeCKUX ucnblTaHui. [lopucTocTs MaTepuana ¢ BbICOKOTEMIIEpATyp-
HOU 00paboTKON HamosHuTeNs coctasisna 7,5 %, 6e3 BeIcOKOTEMIeparyp-
HOU 00paboTKu HaromHUTENS — 4 %.
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Ha BTOpOM 3Tane ocraBmIMecs YacTH YIJIEIUIACTUKOBBIX IUIACTUH IPO-
XOMJIM KapOOHU3ALUIO C LENIBI0 MPEBPAIEHHs CBS3YIOLIETO B YITIEPOIHYIO
Mmarpuiy (kKokc) mpu Temrepatype 850 °C U HachIIIAIKCh MUPOYTIIEPOIOM
M30TEPMUYECKAM METOIOM [0 IuoTHOCTH 1550 xr/m’. Jlanee u3 yriepox-
YIJIEPOAHBIX 3arOTOBOK C BBICOKOTEMIIEpATYpHON U 0€3 BBICOKOTEMIIEPATYp-
HOM 00pabOTKM Kapkaca B HAIlPaBICHUH OCHOBBI BBIPE3AJMCH IJIOCKHE 00-
pasibl Ui IPOBEICHHUS MEXaHUYEeCKUX UcnblTaHuid. [lopuctocTs MaTepuana
C BBICOKOTEMITEpPAaTypHOIl 00pabOTKON HamoJHUTENs cocrtaBisuia 3,3 %, 6e3
BBICOKOTEMIIEpATypHOI 00paboTku HanonHuTeNs — 4,3 %.

1. DxkcnepuMeHTAILHOE HCCIeJOBAHUE

HccnenoBanue BKIHOYAIO B ceOs MpOBEIEHNE MEXaHUYECKUX HCIIbI-
TaHUM Ha PACTSDKEHHE U C)KaTHE IUIOCKUX 00pas3loB C HENMPEPBIBHOW peru-
CTpaIieil CUTHAJIOB aKyCTUYECKOH SMHUCCHH B Iporiecce HarpyxeHus. O0-
pasipl ObUIM M3rOTOBJIEHBI M3 YIVIEPOJHOIO KOMIIO3ULMOHHOTO MaTepuana
C pa3HbIX TEXHOJOTMYECKHUX ATANOB C HAIOJHUTEIEM B BUJIE TKAHU CapiKe-
BOT0 neperieTenus. Jis obecriedenns pa3pyieHust 00paslioB AJs UCTIBITA-
HUH Ha C)KaTue B npezenax padouell yacTyu U BO n30exaHue X MPOJOJIbHO-
r0 paccioeHus U MOTEepPHU YCTOWYMBOCTH KOHLEBBIE YacTH 00Opa3LoB ObUIN
YCWIEHBI CTEKJIOIUIACTUKOBBIMM Hakjganakamu [14]. Marepuan Hakimagok
Obu1 BeIOpaH ¢ yderoMm pexomeHaauuii oredectBeHHOro (I'OCT 25.602)
u 3apyoexxnoro (ASTM D 3039) crannaptoB. Ha puc. 1 npuBeaeHb 3CKU3bI
00pa3noB i ucnbITaHu|. TouHa 00pa3IoB AJI IBYX THUIIOB UCIIBITAHUIN
coctasisina 3,304+0,05 mM. McnibiTaHust IpOBOJMINCH IPU KOMHATHOW TEM-
neparype.

| I | +1
b 35 35
3 4 - - -
q 56
= i
= sl SIS,
S [ et
N & ph | 85 _
o | F N
&= S @ 3,3£0,31 10
— ““ = . b | | - -
@5?“}@@ = FRal2;5 110,054
NS ;
| I TP N
el w !
o !
N ! | 10,05/A
Al
a o

Puc. 1. Dcku3pl 00pa3noB IS UCTIBITAHUN HA pacTshKeHue (a) U cxartue (6)
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B kauecTBe Harpy»aromeil MalluHbl HCIOIb30BANIACh YHUBEPCAIbHAs
aeKTpoMexaHnyeckas cuctema Instron 5882. [lnst onpeneneHust npoaoib-
HBIX JlehopMaliiii MpUMEHSICS OECKOHTAKTHBIN BHIe03KcTeH30MeTp AVE
Instron [15-19], u3ameputenbHas 6a3a KOTOPOTO MPH UCHBITAHUSX Ha pac-
TshKeHue coctapisuia 30 MM, TIpU UCHBITaHUAX Ha cxartue — 10 mm. OOpas-
I[bl Harpy’kajJuchb C IIOCTOSHHOM CKOPOCTBIO IEPEBMKEHHUS TpPaBEPCHI
10 MM/MUH TIpU pacTsHKEHMHM M 2 MM/MHH Tpu cxatuu. HenpepoiBHas 3a-
[UCh CUTHAJIOB aKyCTHMYECKOW 3MHUCCHM MPOXOJAMIA C MOMOILBIO CHCTEMBI
AMSY-6 u BbicOko4acTOTHBIX NpeodpazoBareneit AE 105A ¢upmer Vallen.
JlaTynKy yCTaHaBIMBAIUCH HAa 00pa3ell C MOMOUIBIO CIIEIHATbHBIX 3a’KUMOB
yepe3 CJIOM KOHTAKTHOro reins. Yepes mapameTpuueckue KaHajibl IPOBOIH-
Jach CUHXPOHM3alMs CUCTEMbl AD C BHJICOIKCTEH30METPOM (IJIs 3alHCH
nepemenieHui) u ¢ cucremMoi Instron 5882 (st 3ammcu mpuiaraeMoil Ha-
rpy3ku). Yactora muckperusamnuu naHHbix AD cocraBisuia 10 MI'. Koag-
bunueHT ycuneHus npeaycuiurens coctaBisil 34 n1b. B xauectBe OCHOB-
HBIX [1apaMETPOB CUTHAJIOB aKyCTUYECKOM IMHCCUU MCHOIb30BAINUCH KO-
Bas amIuintynaa (4) u sHepreTuyeckuil mapametp (E), KOTOpbI B JaHHOU
pabote paccuuThIBaiCs 10 GopmyIie

E= jTUu)z dt,
0

rae U(f) — HampsbKeHUE CHTHala Ha BBIXOJE MpeoOpas3oBarens aKycTUde-
ckoii amuccum; T = 6,5 mc. Mcxoad U3 3TOro eIMHULIAMH U3MEPEHUS SHEP-
reTHYecKOro mapamerpa siBisorcs Bc. IlompoGuee dopMyisl pacdera
SHEepPreTUYecKoro napamerpa onucansl B [20]. M3-3a Hanuuus nmomex ot pa-
004X yacTeil UCIBITaTEIbHON MalIMHbI CUTHAJIBI C MUKOBBIMU aMILIUTYa-
Mu HIke 30 1b BO BHUMaHue HE MPUHUMAIIUCH.

Ha ocHOBaHWM TOJYYEHHBIX JTAHHBIX CTPOMINCH Tpa(UKH 3aBUCUMO-
ctu Harpy3ku (N) u mapamerpoB AD (NMUKOBasi aMITUTY 1, SHEPTETUUECKHUI
napaMmeTrp) ot nepemenieHuil (u). Taxxke cTpomiIKMCh pacrnpesesieHus: 3Hade-
HUW TUKOBBIX aMIUIUTY]l MO KOJMYECTBY CUTHAJIOB, 3apETUCTPUPOBAHHBIX
C TaKUMH 3HaYeHusIMHU (M).
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2. Pe3yabTaThl HCNIBITAHUH 00Pa310B NEPBOIo
TEXHOJIOTH4YeCKOro 3Tana

HcnbiTanus Ha pacTsKeHUE

Ha puc. 2 npuBeneHbl TUIOBBIE AMATPAMMBI, IMOCTPOCHHBIE MO pe-
3yJbTaTaM UCHBITAHUHN Ha PacTsHXKEHUE 00paslioB YIEPOAHBIX KOMIO3UIIH-
OHHBIX MATEpPUAIIOB C BBICOKOTEMIIEPATYpPHOH 00pabOTKON HATOTHHUTEIS
(YKM-1) u 6e3 Hee (YKM-2), U3rOTOBICHHBIX M3 YIJICTUIACTUKOBBIX 3aro-
ToBOK. Kak BHOHO W3 rpadukoB, BENTUYMHA pa3pyLIArONICd HATPY3KH IS
YKM-1 noutu B 1Ba paza meHsle, uem ais Y KM-2, To sxe oTMeuaeTcs st
nepeMenieHnil. Xapakrep pacnpeesieHns 3HePreTHYecKoro napaMerpa asis
000MX MaTepHajoB CXOX: IMOCTEINIEHHOE YBEJIMYECHUE 3HAUYCHUH M pe3Kuid
BCIUIECK B MOMEHT paspyuieHust (puc. 2, 6, 0). Ilpu sTom BennumHa mapa-
Mmetpa asig YKM-1 Bo mHOro pa3 mensuie, uem 111 Y KM-2. Takxe u B ToMm,
U B IpPyTOM Clly4ae MPOUCXOUT MOCTENEHHOE YBEINYCHUE 3HAUCHUM KO-
BBIX aMIUTUTya (puc. 2, 6, €). Takum 00pa3om, COTJIACHO pacIpeaesICHUIO
MaTepual B MpoIecce UCTIBITAHUS MMOCTETIEHHO HAKAIITUBACT MOBPEKICHHUS,
MpU JOCTHXKCHUM MaKCUMAJIbHOM Harpy3Kd MPOUCXOJUT MX JIABUHOOOpa3-
HBIN POCT, MPUBOAAIIMHN K pa3pylICHUIO MaTepuaa.
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Puc. 2. Pesynprars! ncnbitannii Ha pactspkerne YKM-1 (a—6) u YKM-2 (e—e): @, 2 — nnarpamma

3aBUCUMOCTH Harpy3Kd OT IIepeMeIeHHi; 6, 0 — pactipeieNieHne SHePreTHISCKOro apamerpa;

6, e — iarpaMMma 3aBUCUMOCTH TTMKOBOM AMIUTATY 1Bl CUTHAJIOB OT nepeMeLueHmZ
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Puc. 3. PactipeneneHre CUTHAIIOB 110 3HAYCHUSIM
MUKOBOX amMImuTy bl Uit YKM-1 u YKM-2
P UCTIBITAHUSIX HA PACTSKEHUE

Ha puc. 3 uzobpaxeHo pacnpenesneHne CUrHaioB AD Mo 3HaUYEHUSIM
nuKkoBbIX amMmmuTyd At YKM-1 u YKM-2. CornacHo naHHOMY Tpaduky
MaKCUMaJIbHOE KOJIMYECTBO CHUTHAJIOB JJIi 00OMX MAaTe€pUaioB MPUXOJAUTCS
Ha nuana3oH amruiitya ot 50 mo 55 ab. ns YKM-2 3apeructpupoBaHo
Ooupllee KOJMYECTBO CHUTHAJIOB, OCOOEHHO 3aMETHO ATO HA JHAIla30HE aM-
wmtya Beime 60 nb. JIngs YKM-1 Ha sToM amama3oHe oTmedaercs Ooiee
pe3kuii cnaj pacmpeaeneHus. Mcxons w3 BBIIIECKa3aHHOTO MOXET OBITh
CICTAaHO TIPEIOI0KEHNE O TOM, YTO JUIsl 000MX MaTEpHAJIOB TIpeodIaaaro-
MM MEXaHU3MOM DPa3pyIICHUs SBISETCS pacTpecKuBaHHe MaTpuubl. Jls
VKM-2 B ortinnune ot YKM-1 Habmrogaercst 0oJIblliee KOJIUYECTBO CHUTHA-
JIOB, KOTOPBIE CBUACTEIILCTBYIOT O BHITATUBAHUM U PA3pPhIBAX BOJIOKOH.

UcneiTanusa Ha cxatue

Ha puc. 4 npuBefeHbl TUINOBbIE AMAarpaMMbl, ITOCTPOEHHBIE IO pe-
3yJbTataM ucneiTanuii Ha cxarne YKM-1 u YKM-2. Kak BujgHo u3 nua-
rpamm aepopMUpOBaHUS, ISl UCTIBITAHUS HA C)KaTHE OTMEYAETCs Ta Ke 3a-
KOHOMEPHOCTb, YTO M Ul UCHBITAHUNA Ha PacTsDKEHUE: pa3pylLIaromias Ha-
rpy3ka mia YKM-1 B nBa pa3za menbwie, ueM a1t YKM-2. CornacHo
quarpaMmaM pacrhpelielieHus SHepreTHueckoro mapamerpa (puc. 4, 6, 0),
s YKM-2 B mporiecce HCIbITaHU# perucTpupoBaiuch AD coObiTus ¢ 60-
Jiee BBICOKOW sHeprueil (Ha mopsaok Bbiiie), ueM ainsa YKM-1. Ha navansb-
HBIX JTamax HarpyxeHus miass YKM-2 peructpupoBanuchk AD cOOBITHS
C HU3KMMM 3HAYeHHMsIMM SHEepreTudyeckoro mnapamerpa. IIpu moctmxenun
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OTIPEICNICHHOTO 3HAYEHUSI Harpy3KH SHEPreTUUECKUM MapaMeTp perucTpupye-
MBIX COOBITHI BO3pacTET U JOCTUraeT MaKCUMyMa B MOMEHT pa3pyuieHus. Co-
IJ1acHO puc. 4, 6, e U1t YKM-2 aMmutyaa perucTpupyemMbIX CUTHAJIOB MOCTE-
IIEHHO YBEIIMYMBACTCS B TEUYEHUE BCEro Ipolecca HarpyxeHus, i Y KM-1
yBeJIMUEHHE aMIUTUTY 1 BEIPQXKEHO HE Tak sIBHO. TakuM 00pa3oM, MOMEHT pa3-
pywenus i1 YKM-1 HacTynaet Haubosee HenpeicKa3yemo.
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Puc. 4. Pesynbrarsl ucnisitanunii Ha cxarue YKM-1 (a—6) u YKM-2 (e—e): a, ¢ — nuarpamma
3aBUCHUMOCTH Harpy3KH OT MepeMeLIeHHIA; 6, 0 — paclpeielIeHue SHEPreTHIECKOro apaMeTpa;
8, € — AuarpaMma 3aBHCUMOCTH MUKOBOI aMILUIUTY (bl CUTHAJIOB OT NepeMeIeHIH
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Puc. 5. Pacnipenenenue curHajioB o 3HaYEHUSAM
mKoBOU amMrmuTyabl it YKM-1 u YKM-2
MIPY MCIIBITAHUSIX HA CKATUE
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Ha puc. 5 n300pakeHo pacnpeesieHne CHUTHAJIOB 0 3HAYCHHSIM TTH-
KOBbIX aMmuuTy 1 YKM-1 u YKM-2 nipu ucnsitanusx Ha cxarue. s
000MX MaTepualioB 3apPETUCTPUPOBAHO OOJBIIOE KOJIWYECTBO CHTHAIOB
¢ MMKOBBIMU amIuiutyaamu Huxke 40 b, npu atom st YKM-2 obiee ko-
JIMYECTBO CUTHAJIOB Oouble, ueM mid YKM-1. IloMmumo cHrHanoB HHU3KHX
aMIUTMTY/ TaK)Ke 3aperuCTPUPOBaHbI CUTHAIBI aMIuIuTyAamu Boite 50 nb.
KomnuectBo Takux curHanoB miasd YKM-1 mensine, uem giaa YKM-2. Co-
IJIaCHO pPHC. 4,8 CHUTHANbl C BBICOKMMH aMIUIUTYIaMU PETUCTPUPYIOTCS
BOJIM3M MOMEHTA pa3pymieHusi. Takue CUTHAIIBI MOKHO CBSI3aTh C BOBJICUC-
HUEM BOJIOKOH B TIPOIECC Pa3pyIICHUs, WX BBHITATHBAHUEM W Pa3pbIBaMHu.
Takum oOpazom, mpu paspymenun YKM-1 mpeobrnagatoT MUKpopaccioe-
HUS U pacCTPECKUBAHUSI MATPUIIbl, HA XapakTep noBeneHus Y KM-2 oka3zbl-
BalOT OOJIBIIOE BIMSHHUE BHITATHUBAHUE U PA3PHIBBI BOJIOKOH.

3. Pe3yabTaThl HCIIBITAHUI 00pa310B BTOPOIo
TeXHOJIOTHYEeCKOro 3Tana

HcnbiTanus Ha pacTsKEHUE

Ha puc. 6 npuBeneHbl TUIOBBIE AMArpaMMBbl, ITOCTPOEHHBIE MO pe-
3yJbTaTaM MCHBITAHUM Ha pacTsHKEHHE 00pas3loB YIJIEPOJ-YIVIEPOAHBIX
KOMITO3UIIMOHHBIX MaTepUaoB C BBICOKOTEMIIEpaTypHO 0OpaboTKOM Ha-
nonuutens (YYKM-1) u 6e3 Hee (YYKM-2), U3roToBiIeHHBIX U3 YIIEpO-
YIIEpOAHBIX 3aroToBoK. CoriacHo auarpamMmmaM Ae(QOpMHUpOBaHUS 3Haye-
HUe npeneabHor Harpy3ku st Y YKM-2 ke, uem miga YYKM-1. Ecinu
CPaBHUBATh 3TU 3HAYEHUS C BEJIMYMHAMHU, [1OJTyYEHHBIMH JIJIs1 MATEPHUAJIOB C
IPEIbIIYIIEro TEXHOJIOrn4eckoro srana, To aius1 YKM-2 npenenbHas Ha-
rpy3Ka CHHU3WJIAch MOYTH B JBa pasa, a Aiusi1 YKM-1 ona ysennuunace. OT-
Jav4Yue HaONoJaeTcs Takke B (OpMe paclpesieleHusl SJHepreTUUecKoro na-
pamerpa: AD CUTHaJbl C BBICOKMMH 3HAUEHUSIMU PErHCTPUPYIOTCS YXKE Ha
HavyaJnpHOW craguu HarpyskeHus. IIpuuem mig YYKM-1 ero 3HaueHus Ha-
MHOrOo BblIIe, ueM i Y YKM-2 (puc. 6, 6, 0). [{nst oboux maTepuaioB oT-
MeyaeTcsl pe3KHi BCIUIECK YHEPreTUYECKOro napaMeTpa Ha HayaJabHOM 3Ta-
e Harpy>keHHs, 3aTeM MPOMCXOIAT CHaJ U CTaOMIM3alMsl ero 3HaueHHH.
[Ipu gOCTHXKEHHH ONPEIEICHHOTO YPOBHS HAarpy3KH, OJIM3KOTO K Mpeaeib-
HOMY, MapaMeTp HAa4YMHAET YBEJIUYMBATHCS M JOCTUTAET CBOEr0 MAKCH-
MaJIBHOTO 3HAYE€HMs NpH paspylieHnu obpasua. Takoe moBeaeHUe sHepre-
THUYECKOT0 MapaMeTpa MOXHO CBs3aTh C TEM, YTO Ha HayaJbHOM 3Tare Ha-
TPY’KEHHUsSI TMPOUCXOAUT TMPOLECC WHTEHCUBHOTO OOpa30BaHUS MU pOCTa
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MUKPOIIOBPEKICHHUN, KOTOPHI B JanbHEHIemM cradunusupyercs. Hermo-
CPEIICTBEHHO BOJIM3M KPUTHUECKOTO 3HAUYCHHUS HATPY3KU MPOUCXOTUT JTaBH-
HOOOpa3Hoe pa3BUTHE JEPEKTOB, KOTOPOE MPUBOIUT K pa3pylIeHUIO 00pa3-
na. CornacHo puc. 6, 6, e MMKOBbIE AMILJIUTY/Ibl PETUCTPUPYEMBIX CUTHAJIOB
YBEJIMUYMBAIOTCSA HAa HAYaJIbHOM 3Tare Harpy>kKeHus U JIep)KaTcs B JUana3oHe
ot 55 mo 100 gb mist YYKM-1 u ot 60 no 100 nb — gng YYKM-2.
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Puc. 6. Pesynpratel ucneiTanuii Ha pactskeHne YYKM-1 (a—6) u YYKM-2 (e—e):

a, ¢ — JUarpaMMa 3aBHCHUMOCTH HAarpy3KH OT MEpEeMEIIeHUi; 6, 0 — pachpecicHue

SHEPreTHYECKOTO Tapamerpa; 6, e — auarpaMMa 3aBHCHMOCTH THKOBOM aMIUIATYIBI
CUTHAJIOB OT IEpEMELICHUN
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Puc. 7. Pacnipenenenue curHajioB o 3HAYEHUSAM
nmuKoBod aMmraTy el it Y YKM-1 u YYKM-2
MIPH UCTIBITAHUAX HA PACTSHKCHHE
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Ha puc. 7 npuBeneHo pacnpenesieHHe aMIUIMTyl AD CUTHAIOB IS
YVKM-1 n YYKM-2 npu ucnbiTaHusIxX Ha pactsokeHue. Kak BUgHO U3 aua-
rpamM, OTMEYAETCsl HAJIMUME BYX TUKOB Ha pacnpeneneHusx. s YYKM-2 —
B nuamazoHax ammummrtyg oT 75 no 80 ab u ot 30 mo 35. Hua YVYKM-1 —
B Irana3zoHax ammutya ot 75 no 80 n1b u ot 45 no 50 nb. /IBa nuka Moryt
CBUJETEILCTBOBATh O MPeobIaaHuy ABYX MEXaHU3MOB pa3pyllICHUs B Ma-
tepuane. CUrHanabl ¢ BHICOKUMHU 3HAYEHUSIMU aMIUIMTYJ MOTYT TOBOPHUTH
0 pa3pbIBe BOJIOKOH B MaTepHasie, ¢ HU3KUMH — O Pa3pylIeHUU MO0 Mexda-
30Boii rpanute. ns YYKM-2 3apeructpupoBaHo 0oJbIle COOBITHIA C BbI-
COKMMH aMIUTUTYJaMH, KOTOPhIE MOKHO COOTHECTH C pa3pblBaAMU BOJIOKOH,
yem 151 YYKM-1, v ipu 5T0M MeHbIlie COOBITHIA ¢ HU3KHUMH aMILTUTYJaMH,
KOTOPBIE MOTYT CBHJICTEIHCTBOBATH O MeX(}a3HbIX paccioeHusX. Takxke
s YYKM-1 nuk, npuxoasiuiuidcss Ha IUana3oH HU3KUX aMIUIUTY], BbI-
paxeH 3HauuTeNbHO spue. Takum oOpazom, mius YYKM-2 npeobnanaro-
OIUM MEXAaHU3MOM pa3pylIeHUs SABJSIOTCS pa3pbiBbl BOJOKOH, a JJid
YVYKM-1 noMumo pa3pylieHus HamoJHUTENS MPOUCXOAUT PacTPECKUBA-
HUE MATPHUIIBI.

UcneiTanug Ha cxatue

Ha puc. 8 npuBeneHbl TUIIOBBIE AMArpaMMbl, TOCTPOECHHBIE IO pe-
3yJbrataM ucnbiTaHuid Ha cxkatne YYKM-1 u YYKM-2. Cornacio nua-
rpammam neopMHUpOBaHUs, TpeaenbHas Harpy3ka it YYKM-1 memHoro
BbllEe, yeM st YYKM-2. Tak ke Kak U JJid UCHBITAHUN Ha paCTSKEHUE,
IpU CPAaBHEHUHU C JAHHBIMH, MTOJyUYEHHBIMH I 00pa3LoB, U3rOTOBICHHBIX
U3 yIJIEIUIAaCTUKOBBIX 3aroToBoK, Mg Y YKM-1 npenenbHas Harpyska BO3-
pocina B ABa pasza, a 11 Y YKM-2 ona 3ametHO cHu3minack. @opmel pacmpe-
JIeNIEHHs] SHEPreTUYEeCKOro MnapamMerpa i 000UX MaTepuanoB UMEIT CXO-
xKuil xapakrep (puc. 8, 6, 0). Ha HauanpHOM 3Tarne Harpy>XeHUs perucTpu-
pyIOTCs COOBITHSI C HM3KMMH 3HAUEHHSIMHM SHEPreTHYEeCKOro Iapamerpa,
3aTe€M €ro BEJIMYMHA YBEIMUMBAETCS U JIOCTUTAET CBOEr0 MaKCUMyMa B MO-
MEHT pa3pyuieHus obpasma. CoriacHo puc. 8, 6, e Ha HaYaJILHOM dTare Ha-
IPY’KEHUs] PETUCTPUPYETCs HEOOJbIIOE YHCIO CUTHAJIOB HEBBICOKOW am-
IUTATY/IBI, TIO Mepe HArpy>KeHUs1 00pa3lia KOJIMUECTBO U 3HAUCHUS aMIUIUTY T
CUTHAJIOB YBEJIMYMBAIOTCA. Takoe MOBEACHHWE MaTepuaa MOXHO CBS3aTh
C IIOCTENCHHBIM HAKOIUICHHEM IOBPEKICHUN B MaTepHalle, 3apOXKICHHUEM
Y POCTOM MHUKPOPACCIOEHUI U MUKPOTPELIUH, KOTOPBIE B UTOT€ NPUBOIAT
K pa3pbIBaM BOJIOKOH M pa3pyIlIEHUIO BCero o0pasia.
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Ha puc. 9 npuBeneno pacnpeneiieHre aMmruiuTyl AD CUTHAIOB s
YVKM-1 u YYKM-2 npu ucneitanusx Ha cxkarue. Kak BUIHO W3 Jua-
rpamm, A o0ouX MarepuaioB (GopMbl pacmpeseneHust nogooHbl. OCHOB-
HOE OTJINYKE 3aKJI0YAETCS B HAIMYUU SIPKO BBIPAKEHHOTO MHUKA B JUANA30-
He oT 40 mo 55 nb mmg YYKM-2, 4To MOXKET CBUAETENLCTBOBATL O OOJIb-
IMX MUKPOPACTPECKUBAHUAX U MUKPOPACCIOCHUSIX.
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Puc. 8. Pesynbrars! ncnisrranmii Ha cxarie YYKM-1 (a—6) u YYKM-2 (e—e): a, 6 — nnarpamma
3aBHCUMOCTH Harpy3KH OT IIepeMEILCHHIT; 6, 0 — pacTipeielicHHe SHePTeTHYECKOro apamerpa;
6, € — AMarpamMMa 3aBHCUMOCTH IMKOBOH aMIUIUTY/bl CUTHAJIOB OT I€PEeMEILCHUH
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Puc. 9. Pacnipenenenue curHajioB o 3HaYE€HUSAM
nmuKoBod amruTy el it Y YKM-1 u YYKM-2
MIPY HCIIBITAHUSIX HA CKATUE
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3akao4yeHue

Takum oOpazom, s 00pa3IOB YIJIEPOJHOTO KOMIIO3UTA C BBICOKO-
TEMIepaTypHOil 00pabOTKON HAMOIHUTENS, KaK MPU UCIBITAHUHM HA PacTs-
JKEHHE, TaK U MPHU UCHBITAHUHU Ha C)KAaTHE, OTMEUYEHO yBEJINYEHUE 3HAYEHUH
IpeaesIbHON Harpy3Ku Ha BTOPOM TEXHOJIOTMYecKoM 3tare. IIpu stom Ha
NEpPBOM 3Talle 3HAYEHHUs MpPEAesIbHONW Harpy3Ku Uil TaHHOI'O MaTepuana
MOYTH B JIBa paza MEHBIIIE, YeM JJIs1 00pa3loB yIIepOIHOTO KOMIIO3HUTa 0e3
BBICOKOTEMIIEPATYpPHON 00pabOTKM HamOJMHUTENSA. Takoe OTIMYME MOXKET
OBITH CBSA3aHO C Pa3HbIMU MEXaHU3MaMH Pa3pyLICHUS UCCIEAYEMBIX MaTe-
puanoB. J[ns ucnbpITaHUN Ha pacTshHKeHHE 00pa3lioB MEPBOr0 TEXHOJIOTHYe-
CKOTO »Tama Iy 000MX MaTepHalioB MpeoOdIadarollluM MEXaHU3MOM pas-
pYLICHUS SIBISIETCS PACTPECKUBAHUE MATPHILIbI, IPU 3TOM Yy MaTepHuana 0e3
BBICOKOTEMIIEPATYPHON 0OpaOOTKM HAIOJHUTENS MPOUCXOIUT OoJiee HH-
TEHCHUBHOE BBITATMBAHUE U Pa3pbIBbl BOJIOKOH, YEM y MaTepHuaia ¢ BbICOKO-
TeMIepaTypHoil 00paboTKOI HamomHUTENA. J{J1s UCTIBITAaHUN Ha C)KaThe OT-
MeJaeTcs aHaJoTMyHas 3aKOHOMepHOCTh. Ha BTOpOM TEXHOJIOIMYECKOM
JTamne JUid UCHbITAaHUM Ha pacTsDKEHUE YITIEpPOJ-YIJIEPOJHOTO KOMIIO3UTA
C BBICOKOTEMIIEPATYPHON 00paOOTKON HAMOJHUTENS XapakTepHO IMpeobIa-
JJaHUE JIBYX MEXaHU3MOB Pa3pyILICHUs — PACTPECKUBAHUE MATPULbI U pa3-
PBIB BOJIOKOH B OTJIMYHME OT MaTepuasia 0e3 BBHICOKOTEMIIEpaTypHOU obOpa-
OOTKM HAMOJHUTENS, Ui KOTOPOro Mpeo0safaioT TOJbKO BBITSTHBAHUE
Y pa3pbIB BOJOKOH. B uTOre MoXHO crenaTe NpeaIookKeHue, 4TO MaTepu-
an 0e3 BBICOKOTEMIEPAaTypHOIl 00pabOTKK HAIMOIHUTENS 00NMafaeT Jydlen
aare3neil KOMINOHEHTOB. TakuM 00pa3oM, ¢ MOMOIIbIO H3YUYEHUS! MPOYHO-
CTHBIX CBOWCTB M MEXaHM3MOB paspyuieHus YKM Ha HaudajabHBIX JTanax
W3FOTOBJIEHHSI CYILIECTBYET BO3MOYKHOCTh CIIPOTHO3UPOBATh MOBEACHUE IO-
TOBOT'O MaTepuaina 6e3 MPOXO0KASHHUS MOJHOTO MPOoLecca ero MPou3BOJICTBA.

Pabora BrmonHeHa npu puUHAHCOBON Nojaepxkke Poccuiickoro ¢on-
na dyHAaMeHTAIBHBIX HccienoBanuid (rpantel Ne 13-08-96016 p ypain a,
Ne 13-08-00304-a).
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