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HUccaenoBanue TeIJ1000pa3oBaHUus npu
TUHAMUYECKOM HATPYKEHUU Pe3UH

Study on heat dynamic loading of rubber

Peghepam. TIpoBeneH psis UCCIEAOBAHUMN 110 H3YYCHHUIO TEINIOOOPA30BaHKs B IIMHHBIX PE3MHAX METOJOM CKaHUPOBAHMS I10-
BEPXHOCTH 00pa3LOB ¢ MOMOLIBIO TEIUIOBH30pa. M3ydanyu mpouece 3K30TePMUUECKOl XUMHYECKOIl PeaklnH MEXaHOACCTPYKIIUH
PE3HH NpH Harpy>KeHHH 00pa3loB MOCTOSHHBIM IUKIMYECKHM pacTsDKeHHEM ¢ aedopmarueii paboueit 30a61 50 %. IIpouent ne-
(dopmanun paboueii 30HBI ObUT BHIOpaH Ha OCHOBAHHU (PAKTUUECKUX JAHHBIX MO PACTSIKCHUIO-CIKATHIO 30HBI «CyXaps» aBTOLIMHBL,
KOTOpas MOJIBEPraeTcsl MaKCHMalIbHOMY Iepernany ypoBHs nedopmary npu odkaTke. [1naH skcriepiMeHTa npeaycMaTpuBail nepu-
OJJMYECKYI0 PEeNaKcaldio 00pa3lioB JUIMTEIBHOCTBIO HE MeHee 72 yacoB ais Gojiee TOYHOTO MOJIENHPOBAHMS Hpoliecca KCILTyaTa-
LMK KOHCTPYKIMOHHOTO n3aenus. Co3naH u 00paboTaH MacCHB IaHHBIX 10 H3MEHEHHUIO TEMIIEPaTyphl B 00pasiax no rucTorpaMmMam
Y JTHHUAY TPOQHIIS U1 PE3MHOBBIX CMecell C BBeAeHHEM HaHOMomudukatopa ((pymiepeHcoaepKamero TeXHUIecKoro yriaepoaa) B
CpaBHEHHMH C KOHTPOJBHBIM 00pasuoM 6e3 Hero. ITomyueHHBIC TaHHBIE OTPAXKAIOT XapaKTep TEIUI000pa30BaHHs B 3aBUCUMOCTH OT
COCTaBa PE3MHOBOI CMeCH. BBISABICHBI 00IIME 3aKOHOMEPHOCTH TEIUIOBOTO XapakTepa (QHU3MKO-XUMHYECKOT0 MpoLecca MeXaHoe-
CTPYKUHHU pe3uH. [ pe3srH ¢ HaHOMOIU(UKATOPOM HaOJIOJAeTCs paclIMPEHHE TEMIIEpaTypHOTO MHTEpBajia PEaklUd OT MHHH-
MaJIbHOTO 3HAYEHHMs 10 MAaKCHMaJbHOTO Ha J[Ba TPajyca, YTO CBA3aHO TAK)KE C POCTOM CpelHEl TeMIlepaTypbl PeaknnuH MO THCTO-
rpaMMme Takxke Ha 2-3 rpaayca Ipy OJMHAKOBBIX YCIOBHSX Ae(OPMALlMK U YPOBHS LUKIMYECKOT0 HarpyxeHus. OJJHaKo HOHMKEHHE
TeMIIepaTypbl B KOHTPOJIBHOM 00pasiie, CBsI3aHHOE C HayajaoM (OPMHUPOBAHMUS YIPOYHEHHOW CTPYKTYpPBI PE3UHBI, 00YCIOBICHHOM
s dexrom Mamnunza-IlerpukeeBa, MPOUCXOANT C 3al03JaHHMEM B JBa pa3a MO CPAaBHEHHIO C MOJIU(UIMPOBAHHBIM (YyIUIepeHaMH
obpasnom. M3MepeHne GpU3NKO-MeXaHMYECKUX TOKa3aTelel OTOOpaHHBIX 110 XOAY MCIBITaHUK 00pa3IoB IMoKa3ano Hadajao Gopmu-
POBaHMS CTPYKTYPHI C HOBBILIEHHEM MPOYHOCTH 0OPA3IIOB B 30HE MOHWKEHHS TEMIIEpaTyphbl 00pasiioB, YTO COOTBETCTBYET TEILIO-
BOMY 9HIOTEPMUIECKOMY dPPEKTY peakIuu peKOMONHAIIUE MaKpOMOJIEKYJI.

Summary. A number of studies on heat buildup in tire rubber surface scan method samples using a thermal imaging camera.
Investigated the exothermic chemical reaction mechanical destruction rubber when loading designs permanent cyclic stretching with
deformation of the working zone 50%. Percentage of deformation of the working zone was chosen on the basis of the actual data on
the stretch-compression zone "Rusk" tires, which is the maximum level difference of deformation during run-in. Experiment plan
provided for periodic relaxation samples of at least 72 hours for more accurate simulation of operation process of structural products.
Created and processed data on temperature changes in samples for bar and line profile for rubber compounds with the introduction of
nanomodifiers (fulleren technical carbon) in comparison with the control sample without him. The data obtained reflect the nature of
heat depending on the composition of the compound. Identified common patterns of thermal nature of physico-chemical process
mechanical destruction rubbers. For rubber with nanomodifikatorom there has been an increase in the temperature interval reaction
from a minimum to a maximum 2 degrees that is also linked to the rise in the average temperature of the reaction on the histogram
also at 2-3 degrees of deformation under the same conditions and the level of cyclic loading. However, the temperature in the control
sample that is associated with the beginning of the formation of hardened rubber structures, economies of Mallinz-Petrikeev, occurs
with delay twice compared with modified Fullerenes. Measurement of physic-mechanical indicators selected in the course of testing
of samples showed the beginning of formation of structure with increased strength of samples in the sample temperature zone that
corresponds to the thermal effect of éndotermic¢eskomu recombination reactions of macromolecules.

Knrouesvie cnosa: TEMIIEpaTypa, TCIIJIOBLIC ITPOLECChI, TWMHAMHKa IIpo1ecca, Z[e(i)OpMaHI/ISI PE3UH, NPOTHO3 XapaKTEPUCTHUK.

Keywords: temperature, thermal processes, dynamics of the process, deformation of the rubber, forecast features .

N3ydeHne TemIoBBIX MPOIECCOB, MPOTEKa- CTPYKTYpe TOKPBIIIKU BIHSAIOT cieayonme (ak-
IOLNIMX B Pa3HBIX CIIOSIX LIMH BO BpeMs OOKaTKH, TOPBI: CKOPOCTh €€ BpAIEHUS M XapakTep H3Me-
UTpacT BaXHYIO POJb UIA peuleHus HpoOiIeMbl HEHUS 3TOM CKOPOCTH B IPOLIECCE €3/IbI, 1ABICHUE
MOBBIIICHNS SKCIUTYaTalUOHHOKW BBIHOCIMBOCTHU BO3/[yXa B Kamepe u 0011as Harpy3ka Ha KOJIECO.

IIMH KaK KOHCTPYKIHMOHHBIX m3xenuid. Ha oOpa-
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B psine myOnukanuii moapoOHO paccMoTpe-
HBI BOIIPOCHI BIMSHHUA CMECH (QYIJIEpEHOB KaK Ha
TEIJIOBOE CTapeHue Kayuyykos [1, 2], Tak u Ha Au-
HAMHYECKYIO0 BBIHOCIMBOCTb PE3HH C pa3IMYHbI-
MU HAmoJHUTEISIMU [3], OJHAKO MAHHBIX, MO3BO-
JISFOIINX TIPOBECTH KOPPEISIIUOHHYIO CBSI3b MEXK-
oy TeriooOpa3oBaHWEM W W3MEHEHUEeM (U3UKO-
MEXaHWYECKUX CBOWCTB PE3WH B TPOIECCE IKC-
IUIyaTallud W3JEIUi, NMpakTHYecKu HeT. Takum
0o0pazoM, IIENBI0 HAIIer0 HWCCIEAOBAHMSI OBLIO
HaTypHOE MOJENTUpOBaHUE Tporecca nedopma-
MU 00pa3IloB MOKPOBHBIX IIMHHBIX PE3WH C Iie-
JBI0 BBISBIICHUSI 30H YIPOYHEHUS M TEpPMOMeEXa-
HUYECKOW NECTPYKLIUH MyTeM 3aMepa TeMIepary-
PBI B peKHUME peabHOTO BPEMEHHU.

B kauecTBe 0OBEKTOB HCCIIEAOBAHHS OBLIH
BBIOpaHBL:  YIIepoaHbIi  HaHOMOAU(pUKATOp —
cmech ¢ymiepeHoB ¢pakmuu Cso — Co, cocTaBa:
Cso — Css (14,69 %), Ceo (63,12 %), Cs2 - Ces
(5,88 %), C7 (13,25 %), C72 — Co2 (3,06 %) u
CUHTETHYECKHE KayIyKH Pa3InIHON CTPYKTYPHI, a
“MeHHO: ToBapHbIH mommOytaaneHn CKJl cnemy-
IOILIETO COCTaBa — coAepxaHue Luc- 1,4 3BeHbEB
93 %, comepxxanne TpaHc 1,4 3BenbeB 5 %, 1,2
3BeHbeB 2 %; HaTypanbHeld Kayduyk (HK) RSS
('OCT HCO 1795-96), ¢ conepxanuem 1,4 1uc-
3BeHbeB, 98 %; cuHTeTMUecKWil OyTanueH-
ctuponbHbiii kKayayk (TOCT 15628-79) c coxep-
kaHueM Tpanc -1,4 3BenbeB 71,8 %, 1mmc-1,4-
10,3 %, 1,2-3BenneB — 15,8 %.

Ha ocHoBe 5THX Kay4yKoB Oblia H3rOTOB-
JIEHBI U Jajiee CBYJIKAHU30BaHbl PE3MHOBBIE CMECH
JUIsl TIOKPOBHOW pe3uHbl mMH. Moaudukanus mo-
JUMEPOB CMeChI0 (PyIIEpeHOB YKa3aHHOT'O COCTa-
Ba MPOBOAMIIACH ITyTEM BHECEHHUS HEOOXOIMMOi
KOHIIEHTPAIMN CMecH (YJUIEPEeHOB Ha HOCHTEIE
(TeXHUYECKOM yTIepoje) Ha TEepBOH cTaiuu
CMEIIEeHUS] PE3MHOBOU CMECH.

JlmHamudeckoe HarpyeHue oOpasIoB Ipo-
BOJIMJTM HA YCTAHOBKE IS IMKIMYECKOTO MHOTO-
KpaTHOTO PACTSHKEHUS TIPU CTETeHu JedopmManiu
50 % pacTsoxenust pabodeit 30HBI COTJIACHO CTaH-
JaptHol Meroauke. IlnaH skcnepuMeHTa Mpeny-
CMaTpUBaJl TEPUOANYECKYIO DPENaKCaluio (OTHBIX)
00pas3IoB AIUTENFHOCTHIO HE MEHee 72 4acoB Ui
Ooriee TOYHOTO MOJIETMPOBAHMS MPOIIECCA IKCIITya-
TalM¥ KOHCTPYKIIMOHHOTO M3JICTIHSI.

Bmsyanmzanmuio u onnupoBKy TEIMIOBBIX
3¢ (}HeKToB IpU AMHAMUYSCKUX UCIBITAHUSIX PE3UH
BBINIOJHAJIA ~ C HCIIOJIb30BAaHUEM TEILIOBH30pa
Mapku «testo 880». MeToauka n3MepeHuil TeMrie-
paTypbl Ha 3TOM MPUOOPEe OCHOBAaHA HA KOHBEPTa-
MU UHPPAKPACHOTO H3Iy4YEHHs B JJEKTpHUe-
CKHE CUTHAJBI M UX BU3yalIU3alliU B BUJE TEPMO-
rpadUuecKuX KapTHHOK. TEIIOBH30p IMO3BOJISIET
B PSIKUME PEaTbHOTO BPEMECHHU BBIJICIIUTh TOUKU C
HauOONBIIMM PHCKOM pPa3orpeBa, aHOMAIHSIMHU
WJIHA 30HY ¢ TEIUIOBBIM 3 dekTom. [Iprbdop BeImos-

HSCT CKAHUPOBAHUE IMOBEPXHOCTH MATEPUAIIOB HIIH
KOMIIOHCHTOB 0€3 KaKOro-mu0o TMOBPEKICHHUS |
MOKa3bIBacT MPOOIeMHbBIE Y4acTKH [4, 5].

[lo pesynpTaTamMm MaTemaTUdeckoil oOpa-
OOTKM TEPMOU300paKEHUH MOMKHO OIPEIEIHUTh
HaIM4Yhe 30H 3HAYUTEIHHOW KOHIICHTpAIlUd Me-
XaHMYECKUX HANPSKEHHUH, OLIEHUTh HANPSKEHHO-
ne(hOpMUPOBAHHOE COCTOSHUE KOHCTPYKIIMOHHO-
TO0 W3JeNus B YCIOBHAX DKCIUTyaTallid W TIPH
HEOOXOAMMOCTH  paccunuTarh  Kod(DPHUITHEHTHI
KOHIIEHTPAIIH HATIPSDKEHHH.

OOBryHasT TepMOTpPaMMa TOKa3bIBAET TOJIBKO
CPEIHIOI0 TEeMIIEpaTypy B KaKIOM KOHIIEHTpHYE-
CKOM CJIO€ TIOKDBILIKH, B PE3YJIbTaTe Yero MOJIo-
JKeHHe 00JIacTH TeperpeBa He MOXKET OBITh JIOKa-
mm3oBaHo. Ilpumensss TteruoBu3op  «testo880»,
MOJKHO HaOJIIOJaTh TEIUIOBOE M300pPaKCHHUE U H3-
MEpSATh TEMIIEPaTypy B pPealbHOM BpPEeMEHH, (HK-
CHUpPOBATh AJUHAMUKY CMCIICHUA YYaCTKOB IICPC-
rpeBa 4epe3 ONpe/Ie/ICHHBIC TIPOMEKYTKH BPEMEHH
Y MOJICTIMPOBATh KHHETHKY MEXaHOICCTPYKIINH.

Ha pucynke 1 mpencraBieHbl pe3ynbTaThl
M3MEPEeHHd B BUJE TUCTOIPAMMBI paclpeaeeHs
TEMIIEpaTypel TO JecATH oOpasmaM, MOIBEpT-
MUMCS JUHAMAYECKOMY HArpy>K€HUIO B KOJHYe-
ctBe 3000 LMKIOB.
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Pucynok 1. TepmorpamMmMbr 06pa3mnoB
a) C HAHOMOAN(HUKATOPOM 0) KOHTPOJILHBIN

s pe3un ¢ HanHoMoaM(UKaTopoM (prUcyHOK 1)
HaOJII0jaeTcsl paclIMpeHnue TeMIIEpaTypHOTO WH-
TepBaja peakuuu OT MUHUMAJIBHOTO 3HAYEHHUS JI0
MaKCHUMaJbHOTO Ha JBa Tpajayca, YTO CBSI3aHO
TaKXe C POCTOM CpeAHell TeMiepaTypbl peakuu
M0 TUCTOTpamMMe Takxke Ha 2-3 rpamgyca Ipu Ou-
HAKOBBIX YCIIOBHSX JeOpMalii U YPOBHS ITHK-
JIMYECKOT0 HArPy>KEHHUS.

Ha xpuBBIX 3aBHCHMOCTH TeMIIEpaTyphl
ofOpa3ia OT KOJHMYECTBAa LHKIOB CYMMAapHOTO
HarpyXeHus (pUCYHOK 2) TTOKa3aHo, YTO CKOPOCTh
Term1000pa3oBaHus B 00pasiax ¢ HaHOMOIU(HKa-
TOPOM BBIIIE, YeM y KOHTPOJILHOTO M COOTBET-
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CTBEHHO JIOCTIDKEHUE MaKCHUMyMa TEMICpPaTyphl
MPOUCXOANT TPU HArpy»XCHUU B JIBa pa3a MEHb-
me. OHAaKO MHHUMYM TEMIIEpaTyphl B 00pa3nax
000MX THUIIOB JOCTHTaeTCs IMPAKTUYCCKUA OJIHO-
BPEMEHHO, TIPH 3TOM TeMIieparypa B oOpasiax ¢
(dyepeHaMHu BhIIIE, YeM Y KOHTPOJIbHBIX, TIOYTH
Ha 1Ba rpamyca. O0e KpHuBbIE YIOBIETBOPUTEIEHO
OIMCHIBAIOTCS JIMHUSIMH TPEHJA C OJUHAKOBBIMHU
ko> puuenTamu  anmpokcuMamun  R?=0,9154.
s obpasma ¢ HaHOMOIW(DHKATOPOM ITTOJTHHOM
umeer  Bum:  y=0,0016x°-0,0547x3+0,7069x"-
4,3299x3+12,381x%-14,238x+3,297, COOTBET-
CTBEHHO JJIs1 KOHTPOJIBLHOTO 00pa3iia:
y=0,0023x°%-0,0855x%+1,1935x*-
7,9255x%4+25,219x%-34,995x+46,953
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Pucynok 2. 3aBuCHMMOCTH TeMIepaTypbl oOpasia
OT KOJIMYECTBA IMKIOB CYMMapHOIO Harpy>KeHUs:
1-o6pazen ¢ @TY, 2-KOHTPOIBHBIN 00pazer]
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B Toukax MHHHMyMa TeMIlepaTypbl ObLIH
0oTOOpaHsl TPOOBI 00pAa3OB TSI ONMpPEHCTICHUS
MPOYHOCTH. V3MepeHws IoKazaal yBeIH4YeHHe
YCIIOBHOM MPOYHOCTH MPU PACTSHKEHUU AJIS1 00enX
Cepwii, 9YTO CBUACTEIHCTBYET O MPOTEKAHWUHU TPO-
1ecca (hOpMHUPOBaHUS CTPYKTYPHI C TMTOBBIIIEHUEM
MPOYHOCTH 00Pa3lOB UMEHHO B 30HE MMOHMKECHUS
TEMIIepaTyphl, YTO COOTBETCTBYET TEILUIOBOMY
SHAOTEpMUYECKOMY AP PEKTy peakiuu pPeKoMOu-
HaI[MM MaKpPOMOJIEKYJI B COOTBETCTBUH C d(pek-
toM Mammn3a-IletpukeeBa. Cnenyer oTMETHTH
HaJIM4YUe Ha KPHUBOHM, COOTBETCTBYIOIIEH MoIu(u-
[IUPOBAHHOMY 00pasily, IJIaTo MOCTOSHHOW TeM-
nepaTypbl, YTO CBUACTENBCTBYET 00 00pa3oBaHUU
YCTOMUYMBON K JUHAMUYECKUM Harpy3kam CTPYK-
Typhl, TOTAa KaK y KOHTPOJBHOTO Marepuaia
BMECTO TUIATO HAOIOJAETCS PE3KH MOABEM TEM-
nepaTypbl, KOTOPBIM COMPOBOKAAETCSI MEXaHO/Ie-
CTPYKIIUS ¥ MaJIeHHe MTPOYHOCTH 00pasia.

TaxuM 06pazom, U3MepeHre TeruI000pa3oBa-
HUA TIO3BOJIACT AOCTATOYHO TOYHO BBIACIUTH 30HBI
YIPOYHEHHSI W JECTPYKIMK OOPa3loB KOMITO3UIIH-
OHHBIX MAaTEPUAJIOB HEPA3PYIIAOIIAM METOIOM.
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