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AxkmyanbHocmb pabomei obycnosrieHa HeobXo0uMoCmbi0 OabHeUW e20 yyqweHus c8olicme KOMNO3UYUOHHBIX Mamepuanog — ux
MEXHOM 02UYHOCMU U 3KOMORUYHOCMU, PECYPCHOU U 3Hepeemuyeckol aghgpekmusHocmu. Cobepa npUMEHEHUS makux Mamepuanog
pacuuupsiemcs, 0xeambigasi, 8 moM yucie, pazeedky u 0obbMy Heghmezazosbix pecypcos, brazo0aps 8 03MOKXHOCMU PE2YUPOBAHUS UX
cgoticme 8 WuUpoKkux npedenax. PeaucmusHble U U30NSUUOHHbIE U3OeUsT U3 NOMUMEDHBIX Mamepuanos ¢ yenepooHbIMU KOMNOHEHMaMmu
Xapakmepusyromcsi HebonbLIUMU 8ECOM U CMOUM OCMbI0, @ Makxe Aocmy nHOCMbI0 UCX 00HO20 Chipbsi U NPOMbILUTEHHOU MexHon ceuel
useomosneHusi. MHozo0bpasue npoyeccog 8 HanOMHEHHbIX NOUMepax, NPUMEHSIEMbIX 8 PE3LUCMUBHbIX KOHCMPYKUUAX NPU NoBbIUE H-
HbIX memnepamypax, mpebyem U3ydeHus Ux menoghu3UYECKUX Xapakmepuc muk, onpedensiouiux npoueccs! mennoobmeHa u mens o-
nepedayu 8 Mamepuane. TennogbideneHue U MenToobMeH 8 HUX Peanudylomcs Ha PasfiudHbIX YPOBHSIX: NOMUMEPHOE Ces3yruee,
ceolicmea komopoe o chopmupyromes nod deticmguem yarnepo0H020 KOMNOHERMa, U S71eKmMponpogodsiwas Cemka, NoepyeHHas 8 no-
JIUMEPHY Mampuyy. dmo Oenaem akmyarnbHbIMU UCCIe008aHUs menioghU3UYECKUX Xapakmepucmuk, Komopsie hopmupytomes 3a
CcyYem Wupokoeo Habopa napamempos.

Yenb: usydumb menmoguauy eckue X apakmepucmuk U HanoHEHHbIX MEXHUYECKUM Yerepodom kaydykos Ofisi NOBbIW EHUS 3ghghekmus-
HOCMU UX UCNOMb308aHUst 8 U30enUsX U KOHCMPYKUUSX, 8bII8UMb BMIUSTHUE Ha MenTogu3uy eckue U CmpyKmypHbie Xapakmepucmuku
NOMUMEPHBIX KOMNO3ULUOHHbIX Mamepuanos yanepoOHbIX KOMNOHEHMO..

Memo0bi: uHcmpymeHmarnbHble USMEPEHUs mennoguaud ecKUX Xapakmepucmuk Mamepuarnos, peHmeeHocmpykmypHabId, cmamucmu-
Yeckull U KOPPENsyUOHHBIL aHamuasb!.

PesynsmamsI. SxcnepumermansHo nodmeepOeHo, Ymo Menogh U3UYECKUE XapakmepucmuKu (menioemKocmb, Menionpo8o0HoCb,
memnepamyponpogoOHoCMb) 3agucam om guda cessyrowjeli 0CHO8bI. [poaHanu3upogaHa ux a3k C (hu3UYECK UMU ceolicmeamu C8s-
3ytoueli 0CHO8bI U KOMNO3ULUOHHO2 0 Mamepuana. YcmaHosieHa 3aeuc uMocms menioghuaud ecKUX Xapakmepucmuk om cmeneHu Kpu-
CMaNIUYHOCM U C8SI3YIOUIE2 0 KOMNOHEHMa 8 KOMNO3ULUOHHOM Mamepuarne — npu yeenudeHuu co0epx aHusi kpucmansudeckol ¢hasbi 8
nonuMepe menioeMKocmb, Menionpos 0dHOCMb U memnepamyponpogodHocmb ygenuyugaromesi. CehopmyrnuposaHsbi pexoMeHoay, uu no
nod6opy mMamepuana ces3ytoue20 As NoUM epHbIX KOMNO3ULUOHHbIX Mamepuanog C yenepodHsbIMU KOMNOHEHMamu C y4emoMm Xapak-
mepa meniogo20 PexuMa KOHCMPYKUUU, Hanpumep, npu pabome 8 HECMaUUOHAaPHbIX MENI08bIX PEXUMAX.

Knroyesnle crnosa:

PecypcocbepexeHue, nomumepHbie KOMNO3UYUOHHbIE Mamepuarsi C y2repodHsIMU KOMNOHEHmamu,
HanorMHeHHbIe MeXHUYECKUM yernepodom 3/1acmomMepbl, Memod f1a3epHOU 8CNbILUKU,

mennoguaudeckUe Xxapakmepucmuku, KodgheuyueHm mennonpogodHoCmU, yOenbHas menioeMKocmb,
KoahhuyueHm memnepamyponposodHocmy, mennoobmen, menonepedaqa, Kpucmaniudeckas ghasa.

BBepeHune

KoMmo3unnoHnble MaTepransl Ha OCHOBE HIacTOME-
poB Onarojaps psAy MPUBICKATEIbHBIX CBOUCTB (Il e-
BH3HA CBHIPbS, XOPOIIO OCBOCHHAS TEXHOJNOTHS, BO3MOXK-
HOCTh M3MEHATH CBOICTBA B MIMPOKUX IpejeNax B 3aBH-
CHMOCTH OT Ha3HAYCHHS) BEI3HIBAIOT BO3PACTAIOMIHIT HH-
tepec [1-3].

HamonHenune »macToMepoB TeXHHYECKAM YIIEPOIOM
B 3aBHCHMOCTH OT €0 KOJMYECTBA B MaTepHane MOKET
00eCIednTh HMEKTP OM3OIANMOHHbIC MM MK TPOIOBO-
AAIIKE CBOWCTBA M3AENUI M3 HAX. DNACTOMEPHI HCIOMb-
3YI0TCS B HE(TEra30MPOMBICIOBBIX OTPACIAX MPH MPOH3-
BOJCTBE TPAHCIOPTEPHBIX JICHT, PYKAaBOB, yIJIOTHATENCH
[4]. HamonHeHHBIE TEXHUYECKAM YTICPOLOM 3J1aCTOMEPBI
(HTY3) ¢ pe3ucTHBHBHIMH CBOHCTBAMU NPHMEHSIOTCS
U 3aIIUTBL OT 9JIEKTPOMATHUTHBIX TOMEX, B YCTAHOBKAX
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00e3BOXXMBAaHUA HE()TH, MAXTHBIX Kabendx, JaTIHKax, B
Ka4ecTBE EMEHTOB KATOXHOIN 3am[UTHI TPy OOIPOBO 10B
i T. 1. OHM cIOCOOHBI paccenBath 0OJNBIINE MOUIHOCTH
IPH KOPOTKUX 3aMBIKAHUAX W MEPEHANPSKEHAAX B dMEK-
TPUYECKUX CETSX, pemath 3a1ady dQ)eKTHBHON HaIe K-
HOIl paboTHl OTBETCTBEHHBIX MOTpeOHTETCH, HampumMep,
3NEKTPOJIBHTATENEH HACOCOB H KOMIIPECCOPOB.

Jng mupokomacmTabHoro ucmonb3oBanus HTYD
He00X0MMO 3HAHME KOMIUIEKCA XapaKTCPHCTHK H OCO-
berHocTell ux GopMUpOBaHHS. YIydulIeHHE UX MOTpeOu-
TeIbCKUX CBOMCTB TpebyeT M3ydeHMS 3IMeKTpodusmde-
CKHX, TEIUIOQH3MUCCKUX, MEXaHNUECKHX XapaKTepPUCTHK
[5-8].

Hus HTYD ¢ yrnepoaHbIMu KOMIOHEHTAMH JIETATh-
HO H3yYamuchb 3NEKTPO(YU3UYECKHE XapaKTePUCTUKU
[2,9]. OnHako monMMMEpHBIE MaTepHambl MPUMEHSIOTCS
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AN PEryIMpOBAHHA YIAENbHOH TEIIOBOH MOIIHOCTH
OJIOKOB 1 Y3JI0B K OHCTPYKIMH B MAIIMHOCTPOCHHH, MEK-
TPOTEXHMYECKUX YCTPOICTBAX, epepacipeieieHus Te -
JOBOM 3HEPIMHM B y31ax 3JIEKTPUUECKOH ceTd U T. I.
O Tenmno(u3MYeCcKUX XapaKTepUCTHKAX CBEACHUH CyImIe-
CTBEHHO MCHBIIIE, XOTS OHH MEPCIECKTHBHBI I CO3AaHUS
3aIUTHl HanboNEee CIOKHOTO M JOPOrocTosAmero 06opy-
JOBAHUS, B TOM UHCNC BHICOKOBONBTHEIX O0BEMHBIX pe-
3UCTOPOB, CTIOCOOHBIX PacCEenBaTh OTPOMHBIE MOIHOCTH
u T. 1. llpobnema mepepacnpeneieHus U OTBOAA TEILIO-
BOIl SHEPrHH, YIPABICHHS TEIJIOBBIMHU MOIAIMH, KOTOpbIE
U3-32 KOHCTPYKIMOHHOH rubkocTH Martepuana MOTyT
OBITb pa3IHYHBIX CIOXKHBIX (opM, TpeOyeT MOHHMAHHUS
3aKOHOMEPHOCTEll H3MEHEHUH Tena0(u3uIeCKuX CBOIHCTB,
KOTOpbIE ONpPENENAIOTCS OCOOCHHOCTAMH CTPYKTYpBL
CTpyKTypa TaKMX MaTepuanoB MHOTOKOMIIOHEHTHAs, 110-
5TOMy B (OPMHUPOBAaHHM KOHEYHBIX XapaKTePHCTHK
ydacTByeT MHOXecTBO (akropos [10-12]. Ha xapakre-
PUCTHKH BIMAET BUA MONUMEpPA, Mapka U KOHLEHTpALUs
3NEKTPOIPOBOAALIET0 HATIOMHUTES.

Ha pannoM 3Tame u3yyansach BO3MOXKHOCTb pacce M-
BaHMA Telia B 3aBUCUMOCTH OT BHJa Nonumepa. Pema-
JHCH CNEAYIOWUE 3aJauH:
¢ U3MEPHTh TEINODU3HUECCKAE XAPAKTCPUCTHKH BHI-

OpaHHBIX 00BEKTOB HCCIEOBAHNAL;
¢ COMOCTaBHThH TCIIO(YH3MICCKHE XaPAKTEPHCTAKI Ma-

TepHaNoB ¢ (QU3MUCCKUMH CBOHCTBAMH CBS3YIOIIUX

KOMIIOHEHTOB;
¢ COMOCTaBATH TEMJIO(H3MUECKHE XAPAKTCPHCTHKA Ma-

TepHaNoB ¢ (QHU3MICCKIMU XapaKTEePHCTHKAMH, 3aBHU-

CSAIIUMH OT CTPYKTYPBI KOMIIO3UIMOHHOT0 MaTepHana.

061BLeKTbl M MeToAbl UCCrefoBaHus

[To Ha3BaHHBIM BbINIE MPUYMHAM B KauecTBe 00BEKTA
uccienoBanus Beiopanst HTYD.

WccnenoBan KoMIeke X Temnohpu3n4eckux xapak-
TEPUCTUK: TEMIOEMKOCTb, TEILIONPOBOAHOCTb, TEMIEPa-
TYPOIPOBOAHOCTh IHPU MOBBIIIEHHBIX TEMIEPATypax U
MHOTOKDATHBIX M3MEHEHHSIX TEMIEPaTypHOro pexuMa
[13-15]. Vkasaunbie mapaMeTpbl BBIOpAHBI 1O CIEIYIO-
muM npuurHaM. CKopocTb MOCTYIUIEHHMS Terna B MaTe-
pHal ¥ BBIXOJA M3 HETO 3aBUCUT OT TEMJIONPOB OJHOCTH.
TennonpoBoAHOCTh M03BONAET OLEHUTH TEILIOU3OMALM-
OHHbIE CBOMCTBa MaTepuana. CKopocTh MOABEMA TEMIIE-
paTypsl B MaTepuale I0c]e MOCTYIUIEHUS B HEro Tela
3aBUCUT OT TeIJI0eMKOCTH. TeMIepaTypornpoBOIHOCTb,
OTpaxkamwiasg CKOpPOCTb paclHpocTpaHEHHs TEMJIOBOH
SHEPTHH 110 00beMy MaTepuala, BaXHa s KOHCTPYKIHI,
paboTaomux B HeCTALIMOHAPHOM pexume [15].

Jl7s OueHKM BIUSHKS CBS3YIOIIEH OCHOBBI Ha TEILNO-
(usnyueckue CcBOMCTBA MPOAHATU3UPOBAHBI MATEPHAJIBI
O/IMHAKOBOH TEXHOJOTHH W3TOTOBJNEHHS M BHJA HAmOJ-
HUTENA. DKCTIEPUMEHTHI BBHIIONHANMCH C MAaTepHANAMH,
MMEIOMUMH B KaUeCTBE CBA3YIONIEH OCHOBBI KPHCTAJIIH-
yeckuil kayayk (Butil Rubber, I[IR mo ASTM) B P® BK-
2055 u amMopdHBIH OyTaMEeH-METUICTHPONbHBIH KaydyK
Styrene Butadiene Rubber (SBR nmo ASTM) B PD
CKMC-30APK. DnexrponpoBojfmiuii HamomiHUTENb —
texHuueckuil yrnepoa I1-234. On BblOpaH BcriejcTBHE
TOT0, YTO MPOU3BOAUTCA B MPOMBILIIEHHBIX MacliTaax,
XOpOIo 3apeKOMeHfoBan cebs TpH (OpPMHPOBAHHUH

SMEKTPO pU3MUeCKUX XapakTepucTuk [2, 16]. Uccnenopa-
HBI MAaTepHajbl ¢ KOHIEHTPALHEH TeXHHIECKOTO YIIepoaa
80 maccosbix yacTeit Ha 100 MaccoBBIX HacTel Kaydyka.

VcnpiTaHns TemIoQU3MYeCKUX XapaKTePUCTHK TPO-
M3BOJMJINCH METOJOM JIa3ePHOH BCIIBIMIKA Ha YCTAHOBKE
DLF-1200. ITpermymecTBOM 3TOr0 METOa SBISCTCS BHI-
COKasi CKOPOCTb M3MEPEHMS C XOpomeil TOYHOCTBIO H
Bocmpou3BoauMocThio [17-19]. DkcmepumeHT 3aKiio-
yaJcs B BO3JCHCTBHU HMIYIbCOM HA JHIEBYIO 9aCTh 00-
pasna. Pe3ynbTaThl 3aMECHIBANUCH B BHUJAE TEMIEPATyp-
HOH KpuBoi. [l ONTHMHU3AIMK MOTMOUIEHHS MMITYIbCa
00pa3ibl MOKPBIBAIICH TOHKHM clioeM rpaduta (rpadu-
TOBBI cripeit). [l n3MepeHus TeII0NPOBO AHOCTH Peru-
CTPUpOBANaCh Pa3HUIA MEXJIy HauyalbHOH M KOHEYHOH
TeMIIEpPaTypaMU ThUIbHOH CTOpOHBI 00pa3na. 3HaueHHE
TEILIONPOBOJHOCTH ONMPEAENIOCH KaK OTHOLIEHUE BEJH-
YHH TEIJIOBOTO MOTOKA K TEMIIEPATyPHOMY TPaJUEHTY.

B mporpammHuylo yacTh mpubopa BBOAMIMCH Macca,
AMaMeTp, BBICOTA M IUIOTHOCTh MaTtephaia obdpasma. 3a-
JABAJHCH 3HAYCHHS TEMIIEPATYp, P KOTOPEIX MPOH3BO-
IWMNMACH Ja3epHas BCIBIIKA. McTmoMb30BaHbl MECTh TOUEK
cerMeHTa (MEpBBIA CerMEHT mpoOHBIH). B nanmpHeiimem
IS OTpeIeNIEHUS TeMI0DH3HIECKUX XapPAKTEPHCTAK €T0
JaHHBIe He yJacTBoBamd. CpexHee 3HAUCHHE TOCUHTAHO
npubOpoM MO BCeM «BBICTPENaM» liazepa Mo 00pasmy
(maTb BenwumH). MccneoBaHNS BHIOMHEHE B 00J1aCTH
temneparyp 30—70 °C. TlomydyeHHBIC pe3yabTaThl Mpe -
CTaBJCHHI Ha puc. 1-3.

P83y11 bTaTbl UCCreaoBaHuA

OKcrepiUMeHTAb Hble JAHHBIC TTPeICTABNEHBI Ha puc. 1-3.
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Puc. 1. 3asucumocme Kod(pPuyuenma memnepamyponpo-
6ooHocmu om memnepamypul: ceéazyowee 1 — BK-
2055, 2 - CKMC-304PK

Fig.1. Dependence of thermal diffusivity on temperature:
binder 1 — BK-2055, 2 — SKMS-30ARK

[TonyueHHBIE Pe3yIbTaThl OKA3ANHN ClieyolIee:

¢ B BLI6paHHOM HHTEPBAJIC TEMIICPATYP UX BIUAHUC HA
HcClelyeMble TeIoQu3nyeckue mapaMmeTpsl He3Ha-
YHUTEIbHO;

¢ Kk03hdUIMEHT TEMIONMPOBOAHOCTH B paccMaTpUBac-
MOM JHaNa30He TEMIEPATyp MPaKTHYECKH HE HU3Me-
HACTCS,

o MexIy KodQQUIUEHTAMHA TETIOMPOBO THOCTH U TE M-
NepaTypoNpoBOIHOCTH MATePHAlOB HMEET MECTO
npsMas IpONOPIHOHAJbHAS 3aUCHMOCTh, OJHAKO
IMaIa30H H3MEHEHN Pa3IHyeH;
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® 3HAYCHHS Y/ICTbHOM TEIIOEMKOCTH, KO3 Q(QHIIHEHTOB
TEIIOEMKOCTH U TEMIEPATYpOIPOBOIHOCTH 3aBUCAT
OT MaTepHrasa cBI3yIIeil 0OCHOBBI

e Buj moiMMepa OOJblIEe BIMAET HA TEMIEPATYPOIPO-
BOJHOCTh M TEILIONMPOBOAHOCTh, YeM Ha TEIIOEM-
KOCTb;

® MONMMEpHbIE KOMIO3HIIHOHHBIE MATePHANBI C Yriie-
PONHBIMH KOMIOHEHTAMH CO CBSA3YIOU[HM KPUCTAI-
JIMYECKOr0 CTPOCHHS MMEET Jydline Temjo(u3uye-
CKHE XapaKTePHCTHKHU 110 CPABHEHUIO CO CBA3YIOUINM
aMop(hHOTO CTPOCHHS.

"\, W/m K
0,65
05

0,45

0.4
0,35 )
e —— 2
03 3

025

i

0.2
20 30 40 50 60 70 toc

Puc. 2. 3asucumocmov ko3¢ huyuenma menionpogooHocmu
om memnepamypel: cesazyiowee 1 — BK-2055, 2 —
CKMC-304PK

Fig.2. Dependence of thermal conductivity coefficient on
temperature: binder 1 — BK-2055, 2 — SKMS-30ARK
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Puc. 3. 3asucumocms yOenvHOU MenioemMKocmu om memne-
pamypul. ceszyiomee 1 — BK-2055, 2 — CKMC-
304PK

Fig.3. Dependence of specific heat capacity on tempera-
ture: binder 1 — BK-2055, 2 — SKMS-30ARK

BhIsiBIIEHHBIE 3aKOHOMEPHOCTH MO TETIOPH3UYECKHM
XapaKTePUCTUKAM COMOCTABIANNCH C (U3MYECKUMH Xa-
PaKTEePUCTUKAMHU CBSA3YIOIIEH OCHOBBI U CAMOTO MaTepH-
ana.

CTpyKTypHBIE XapaKTepHCTHKH TOMMMEpPOB, BIUSIO-
e Ha MpOLEcCh Harpesa, M3BECTHBI: MOJEKYIIPHbIH
BeC, KOH(OPMALMOHHBI HAOOpP MAaKpOMOJNEKYN y TBEp-
JOW MOBEPXHOCTH, MONEKYIApHAs MOABMKHOCTb, MEHS-
omascs m3-3a afAcopOLHOHHOTO B3aUMOJEHCTBHUA C 4a-
CTHIIAMH DBNEKTPONPOBOIAMIET0 KOMIOHEHTA, W T. [
[20, 21]. TIpoananu3upOBaHbI XapaKTEPHCTHKH, CBA3AH-
HBIE ¢ 3TUMH Tporeccamu (tabm. 1).
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Taonuya 1. Ceoticmea uccnedyemuix xayuykog [22, 23]

Table1l.  Properties of the studied rubbers [22, 23]
Cyn, M, Thicau
Caszyrouas d, \ ) W/ (K *K) JeS—
OCHOBaA KI/M . t, °C Cor M. thous
Bonding base | (kg/m) KI(Kg*K) un.
BK-2055
BK-2055 910 120 1,94 35-85
CKMC-30APK
SKMS-30ARK 920 80-100 1,5-1,9 100-150
ComoctaBnenue JaHHBIX puc. 1-3 w Tabm |1

MO3BONAET CJENAaTh BEIBOA O TOM, YTO IIIOTHOCTH
MaTepHana CBS3YIIIeH OCHOBBI HECYIIECTBEHHO BIUACT
Ha HCCIEIOBAHHEIE TEIIOYH3MUSCKAE XapaKTepPHCTHKH.
Pasunma mpakTideckd B Ba pasa Mo MOIEKYIAPHOMY
BECy MaTepuaja CBA3YNeld OCHOBBI HETPONOPIHOHAIb-
HO Malo MU3MEHSACT TeTNOYU3MUYECKUE XapaKTEePHCTHKH
HTVYD.

M3BecTHO, 4TO MPUCYTCTBHE 3JIEKTPOINPOBOLMETO
HAIOJHUTENS BHOCUT KOPPEKTHBBI B CTPYKTYPY CBA3YIO-
meil ocHOBBI MaTepHana. IIpocTpaHCTBEHHOE pacmpefe-
NeHNEe HATONHUTENS B TOMMMEpE 3aBUCHT OT KpHCTAJ-
muvHocTH. CTPYKTypHas OpraHu3alus KpHCTaLIMYeCKIX
MONMMEPOB — HAJMYKE YIOPAAOUYECHHBIX 00nacTell, yepe-
Aytomuxcs ¢ obmactamu Oecropsjka, a Takke OONMbIINE
pa3Mepsl YIOPAAOYEHHBIX YYacTKOB [0 CPaBHEHUIO C
amopdubsMu monumepamu [20, 24].

ONEeKTPONpPOBOALIMI HAMOMHUTEIb MEHAET MONEKY-
JSPHYIO TOJBHXKHOCTD OTHMEPA H3-32 B3AMMOJCHCTBHS C
TIOBEPXHOCTBIO YACTHI] HAIIONHATENA. V3MeHeH e MexX M o-
NEKYTIPHBIX B3aNMOJICHCTBHN B CHCTEME MPHBOTUT K 13-
MEHEHHI0 TJIOTHOCTH YIMAKOBKM MakpoMonekyl. B atoit
CBSI3U COTIOCTABISIMCH TIIOTHOCTH HccaeayemMeix HTYD ¢
CoJiepXKaHWeM KPUCTAIIMYSCKO W aMophHOH (pa3. B xa-
YeCTBE OCHOBHOTO IapaMeTpa BHIOpAaHA KpHCTAIUIMYHOCT,
KOTOpas OLCHMBANACH METOIOM PEHTTCHOBCKOH mudpak-
ToMeTpun Ha mudpakromerpe Shimadzu XRD 70008
(CuKa-m3mydenue, cueTdynk-MoHOXpoMaTop Shimadzu
CM-3121). 3HaueHUs MIOTHOCTH MATCPHANIOB U COACPK a-
HHUE KPUCTATNIHYECKOH (a3bl MpeacTaBaCHBI B TA0M. 2.

Taonuya 2. Qusuueckue c60UCMEA 00BEKM 08 UCCIEO08AHIUSL

Table 2.  Physical properties of the objects of study
But kayuyka d, 1/’ ®aza, npouent/Phase, percentage
Type of rubber | (kg/m?) Kppgri;istﬂglﬁ?:g i ﬁnggﬁj{s
O 1,4065 71,23 28,77
giﬁgﬁgﬁ;& 1,7731 26,04 73,96

OKCTepuMeHTHl O0Ka3alH, YTo AUANa30H H3MEHEeHUS
HCCIeyeMbIX TEIIODU3HUECCKAX XapAaKTEPHCTUK OMpe-
JenseTcs B OCHOBHOM CTeNEHbI0 KpHCTaIMYHOCTH. [Ipu
3TOM IIJIOTHOCTb MCCJIEIyeMbIX MaTepHaloB H3MEHSETCA
HecywecTBeHHO. ComocTaBieHHe HAHHBIX O CTENEHH
KPUCTAJUIMYHOCTH C JaHHBIMU, MNPEACTABICHHBIMH Ha
puc. 1-3, mokasano, 4To MpH YBETHMUCHHHN CTCTICHH KpH-
CTAIUTHYHOCTH CBS3YIOMEH OCHOBH 3HAYCHHS TEIIODH-
3MYECKUX XapaKTepUCTUK BO3pacTaioT. M3BecTHO, UTO
KPUCTAUIHYECKUH 1 aMOp(HBI TOMMMep 3aKIa bBa 0T B
MaTepHane pasHoe KOTMYeCTBO MPOCIOCK MEXAY JacTH-
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IaMH MEKTPOTPOB OAAMETO KOMIIOHEHTA, YTO MOATBEP-
KIAaeTcs 3HAYCHHSAMH OOBEMHOTO dIEKTPHYECKOTO CO-
npotusnenus [24, 25]. [lostoMmy MOXHO momarath, 4TO
YMCHBIICHUE KOJUYECTBA MPOCTIOCK MEKIY 4YaCTUI[aMKU
YITEPOAHOTO KOMIOHEHTA YIy4IIaeT TEemiIopu3nuecKue
XapaKTCPUCTUKHU BCJICACTBUC YBCIMUYCHUA YUCJIAa KOHTaK-

TOB MEXKAY YaCTULIAMH JJICKTPOIIPOBOAAIICTO KOMIIOHCHTA.

3aknroyeHue

[Momy4enHble pe3ynbTaThl MOKA3add, 4To GOpPMHUPO-
BAHHE TEMIOPU3UYECKUX XAPAKTEPUCTHK MOTMMEPHBIX
KOMIIO3UIMOHHBIX MaTepHaNoB C YIIEPOJHBIMH KOMIIO-
HEHTaMU 00YCJIOBIEHO MPOLECCaMH M3MEHEHHS CTPYyK-
TypBl TIONMMEPA 33 CYET B3aMMOJECHCTBHA C YaCTULAMU
YIIE€POIHOTO KOMIIOHEHTA. Y CTAHOBIEHO, YTO TeIIO(H-
3MYECKUE XapaKTePUCTUKU 3aBUCAT OT COAEPKAHUA KpPH-
CTAJMMYeCKO (a3bl B CTPyKType Martepuana. [Ipu Bo3-
pacTaHHM KONHYECTBA KPHCTAIIMYECKOH a3l B TONH-
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THERMOPHYSICAL CHARACTERISTICS OF POLYMERIC COMPOSITE MATERIALS
WITH CARBON COMPONENTS FOR ELECTRICAL DEVICES
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The relevance of the work is caused by the need to further improve the properties of composite materials — their manufacturability, re-
source and energy efficiency. The scope of such materials is expanding, covering, among other things, the exploration and production of
oil and gas resources, due to the possibility of requlating their properties over a wide range. Resistive and insulating products made of pol-
ymer materials with carbon components are characterized by low weight and cost, as well as the availability of raw materials and industrial
manufacturing technology. The variety of processes in filled polymers used in resistive structures at elevated temperatures requires the
study of their thermophysical ¢ haracteristics, which determine the processes of heat transfer in the material. Heat release and heat transfer
in them are realized at different levels: electrically conductive mesh immersed in a polymer matrix. This makes it relevant to study thermo-
physical characteristics, which are formed due to a wide range of parameters.

Purpose: to study the thermophysical characteristics of rubbers filled with carbon black to increase the efficiency of their use in products and
structures; to reveal the effect of carbon components on the thermophysical and structural characteristics of polymer composite materials.
Methods: instrumental measurements of thermophysical characteristics of materials, X-ray diffraction, statistical and correlation analyses.
Results. It was experimentally confirmed that thermophysical characteristics (heat capacity, thermal conductivity, thermal diffusivity) d e-
pend on the type of binder base. Their relationship with the physical properties of the binder base and composite material is analyzed. The
dependence of thermophysical characteristics on the degree of crystallinity of the binder component in the composite material was estab-
lished — with an increase in the content of the crystalline phase in the polymer, the heat capacity, thermal conductivity and thermal diffusivi-
ty increase. Recommendations are formulated for the selection of a binder material for polymer composite materials with carbon compo-
nents, depending on the nature of the thermal regime of the structure, for example, when operating in non-stationary thermal regimes.

Key words:
Resource saving, polymer composite materials with carbon components, elastomers filled with carbon black,

laser flash method, thermophysical characteristics, thermal conductivity coefficient, specific heat capacity,
thermal diffusivity coefficient, heat exchange, heat transfer, crystalline phase.

The authors appreciate the assistance of Artur Nasyrbaev, engineer at School of Energy and Power Engineering TPU, in measuring.

sites prior to and after annealing. Polymers and Polymer Com-

REFERENCES posites, 2021, vol. 29, no. 9. pp. 288-295.

1. Quijada C. Conductive polymers: materials and applications. 7. He X., Wang Y. Recent advances in the rational design of
Materials, 2020, vol. 13, no. 10, pp. 2344. Available at: thermal conductive polymer composites. Industrial & Engi-
https://www.mdpi.com/1996-1944/13/10/2344/htm  (accessed neering Chemistry Research, 2021, vol. 60, no. 3,
15 February 2022). pp. 1137-1154.

2. Minakova N.N., Ushakov V.Ya. Polymers with carbon fillers g Zhansakova K.S., Russkikh G.S., Eremin E.N. The effect of
for powerful resistors. Bulletin of the Tomsk Polytechnic Uni- vulcanization accelerator on the properties of porous rubber.
versity. Geo Assets Engineering, 2018, vol. 329, no. 2, pp. 74-80. Journal of Siberian Federal University. Engineering & Tech-
In Rus. nologies, 2021, vol. 14, no. 2, pp. 215-221.

3. Szadkowski B., Marzec A., Zaborski M. Effect of different 9. Minakova N.N., Ushakov V.Ya. Stochastic and deterministic
carbon fillers on the properties of nitrile rubber composites. modeling of spatially oriented structures in dispersion-filled
Composite Interfaces, 2019, vol. 26, no. 8 pp. 729-750. polymers, Polymer Science - Series A, 1998, vol. 40 (9),

4. Pyatov LS., Tikhonova S.V., Salimon A.l, Vorobyeva L.V., pp. 1025-1029.

Lunev V.V, Fomicheva L.E. Elastomery i polimernye 10, Brunella V. Thermallelectrical properties and texture of carbon
kompozitsii dlya neftepromyslovogo oborudovaniya. Problem i black PC polymer composites near the electrical percolation
vozmozhnosti [Elastomers and polymeric compositions for oil- threshold. Journal of Composites Science, 2021, vol. 5, no. 8,
field equipment. Problems and possibilities]. 000 «REAM- pp. 212-220.

RTI». Available at: https://ream-rti.ru/upload/iblock/ae0/ae0e77 11. Volkov D.P., Egorov A.G., Mironenko M.E. Thermophysical
ai7e2cdbe88098556f439ac34 5.pdf (accessed 15 February 2022). properties of polymer composite materials. Scientific and tech-

5. Chen J. Advances in responsively conductive polymer compo- nical bulletin of information technologies, mechanics and op-
sites and sensing applications. Polymer Reviews, 2021. vol. 61, tics, 2017, vol. 17, no. 2, pp. 287-293.
no. 1. pp. ?57*193-' _ N ' 12. Tomak V.1, Burkov F.S., Rytsarev A.M., Tovstonog V.A. Ex-
6. Gao Q, LiuJ., Liu X Electrical conductivity and rheological perimental assessment of the thermophysical characteristics of
properties of carbon black based conductive polymer compo- high-temperature heat-insulating materials. Bulletin of the

138


https://www.mdpi.com/1996-1944/13/10/2344/htm
https://www.scopus.com/authid/detail.uri?authorId=25027790700
https://www.scopus.com/authid/detail.uri?authorId=7102376609
https://www.scopus.com/record/display.uri?eid=2-s2.0-85043514812&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85043514812&origin=resultslist
https://www.scopus.com/sourceid/21100812103?origin=resultslist
https://www.scopus.com/sourceid/21100812103?origin=resultslist
javascript:void(0)
javascript:void(0)

Minakova N.N. etal. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2023. V. 334. 6. 134-139

13.

14.
15.

16.

17.

18.

19.

Natalya N. Minakova, Dr. Sc, professor. Altai State University.

Moscow State Technical University named after N. Bauman.
Series «Natural Sciences», 2020, no. 2 (89), pp. 99-116.

Fokin V.M., Boikov G.P., Vidin Yu.V. Fundamentals of tech-
nical thermal physics. Moscow, Mashinostroenie Publ., 2004.
172 p.

Kreit O., Black U. Osnovy teploperedachi [Fundamentals of
heat transfer]. Moscow, Mir Publ., 1983. 256 p.

Isachenko V.P., Osipova V.A., Sukomel A.S. Teploperedacha
[Heat tensfer]. Moscow, Energiya Publ, 1981 416 p.
Bortnikov A.Yu., Minakova N. Structure analysis of electrical-
ly conductive polymers filled with agglomerated components.
Russian Physics Journal, 2006, vol. 49 (11), pp. 1165-1170.
Cowan R.D. Pulse method of measuring thermal diffusivity at
high temperatures. Journal of Applied Physics, 1963, vol. 34,
926.

Cape J.A., Lehman G.W. Temperature and finite pulse-time ef-
fects in the flash method for measuring thermal diffusivity.
Journal of Applied Physics, 1963, wvol. 34, 1909.

Instruktsiya po rabote s priborom DLF-1200 [Instructions for
working  with the DLF-1200 device]. Available at:
https://ww w. directind ustry.com.ru/prod/ta-instruments/produ ct-
38477-1796308.htm | (accessed 15 February 2023).

Information about the authors

20.

21.

23.

24,

25.

Gul V.E., Shenfil L.Z. Elektroprovodyashchie polimernye
kompozity [Electrically conductive polymer composites]. Mos-
cow, Khimiya Publ., 1984. 226 p.

Bartenev G.M., Frenkel S.Ya. Fizika polimerov [Physics of
polymers]. Leningrad, Khimiya Publ, 1990. 432 p.

. Entsiklopediya polimerov [Encyclopedia of polymers]. Ed. by

V.A. Kargin. Moscow, Sovetskaya entsiklopediya Publ., 1972.
Vol. 1, 1196 p.

Spravochnik khimika 21. Khimiya i khimicheskaya tekhnologi-
ya [Reference book for a chemist. Chemistry and chemical
technology].  Available at: https://www.chem21.info/info/
312232/ (accessed 15 March 2023).

Minakova N.N., Karpov S.A., Ushakov V.Ya. Texture method of
studying the resistance properties of disperse-filled elastomers.
Russian Physics Journal, 2000, vol. 43, no. 10, pp. 821-828.
Minakova N.N., Karpov S.A., Ushakov V.Ya. Texture analysis
of the disperse structure of composite elastomers with a modi-
fied carbon filler. Russian Physics Journal, 2002, vol. 45, no. 2,
pp. 185-189.

Received: 3 April 2023.
Reviewed: 26 May 2023.

Vasily Ya. Ushakov, Dr. Sc, professor. National Research Tomsk Polytechnic University.

139



