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AxkmyanbHocmb pabombi 06ycriosneHa mem, ymo obecneqeHue becnepeboliHozo anekmpocHabxeHus: npednpusmuli pecypcodobbiga-
towux ompacnel sensemcsi HenpeMeHHbIM ycrosueM Ux 3ghhekmueHo20 (yHKULIOHUPosaHust. [TocredHee, 8 ¢80l oyepeds, onpedens-
emcs Ka4yecmeoM 3awumsi anekmponompebnsioweeo 0bopydogaHus (npexde gcezo anekmpodgueameneli) 0m moKkos KOPOMK020 3a-
MbIKaHUs U nepeHanpsikeHuli @ numaroweli cemu. Mx oepaHuyeHue obecneyugaemcst KOMNiekCom mMep; 8axHeliwel cpedu HUX sensem-
CA UCNOMb308aHUE 8bICOKOBOTbMHbIX 00bEMHbIX PE3UCMOPO8, CNOCOBHBIX pacceusamb 02POMHbIe MOWHOCMU. B nocnedHue e00bi 6HU-
MaHUue cneyuanucmos NpuseKsu HanosHeHHble NOUMEPb] Kak Mamepuarb! 015 U320moeneHust makux peaucmopog. Hapsidy ¢ makumu
ux docmouHcmeamu, kak: 00cmynHocmb U Oewesu3Ha UCXOOHBLIX Mamepuasos (8bICOKas pecypcoaghhekmeHOCMb), XOPOLWO 0C80EHHas
mexHoMoaus Npou3godcmea makux KOMNo3uyuli, UM npucyw, CyuecmeeHHbIli Hedocmamok — CunbHas 3a8ucuMocmb yoenbHo20 0ObeM-
HO20 CONPOMUBIIeHUsT oM memnepamypa! U, cnedosamernbHO, 0m PexuMog ux pabomb.. M3-3a MHO2000pa3usi NPOUECCO8 8 HANOTHEH-
HbIX NofUMepPax, CMuMynupyeMbIx nNogbiweHHol memnepamypoli, Heobxo0uMmo U3yyeHue UX nosedeHus 8 3asucumocmu om ycrosuil
Haepesa. OOUH U3 4acmo BCMPEYarWUXCH PEXUMO8 pPabombl NOMUMEPHbIX KOMNO3UYUOHHbIX Mamepuanog — NOBMOPHO-
KpamkospemeHHoe 8o3delicmaue mokosoll Haepy3Ku, NpU KOMOPOM NPOUCXOOAM MHO20KPaMHbIE USMEHEHUS MeMnepamypHO20 PeXU-
Ma, He2amugHO ernusowue Ha cmaburbHOCMb hapamempog pesucmopos. dmo Oeaem akmyanbHbIMU uccredosaHusi AUHaMUKU 00b-
EMHO020 371eKMPUYECKO20 CONPOMUBIEHUS KaK 8axHeliueao napamempa pe3ucmopa NpuU CrOXHbIX PEXUMax MOKoBOU Haepy3Ku.

Llenb: oueHka 803MOXHOCMU pabombl HaNOTHEHHbIX MEXHUYECKUM y2r1iepo0oM KaydyKog 8 pexume «Haspes—oxnaxdeHuey. uccnedosa-
Hue pa3bpoca 8efuyUHbI MoKa 8 3a8UCUMOCMU OM MOKOBOU Hagpy3Ku, epemeHuU pabome! U nay3bl NPU Hazpese NEPEMEHHBIM MOKOM.
M3-3a MHO20KOMNOHEHMHOCMU CMPYKMYPbI cmabunbHOCMb 311EKMPOUILUYECKUX XapakmepucmuKk 80 MHO20M onpedesnisemcs: pexu-
Mom ux pabome!.

Memodb1: uHcmpymeHmanbHble USMEPEHUs 31EKMPOGPUIUYECKUX XapakmepucmuK Pe3UCmUBHbIX NOUMEPHBIX KOMNO3UUYUOHHBIX Ma-
mepuasnos, cmamucmuyeckasi 06pabomka pesynbmamos USMePeHUl, OUeHKa 8peMEHHbIX ps008 USMEHEHUS CrydaliHbIX napamempos.
Pe3ynbmambl. BbiseneHbl 3a8UcUMOCMU 8E/IUYUHBI NEPEMEHHO20 MOKa, NPOMEKAIOWE20 8 HaNOTHEHHbIX MEXHUYECKUM Yarnepodom
6ymadueH-HUMPUNbHBIX Kaydykax, om OnumenbHocmu pabomsi U npoOOKUMESbHOCMU nay3 Npu NO8MOPHO-KPAMKOBPEMEHHOM pe-
Xume pabombl. YcmaHogneHa makxe 803MOXHOCMb NPOSIBIEHUS HEOOHO3HAYHO20 6/IUSHUST ONUMEbHOCMU nay3bl Ha cmabunbHOCMb
8e/1UYUHbI Moka. [TodmeepxdeHa 803MOXHOCTb NPUMEHEHUS Nokazamens Xepcma 05151 0UeHKU meHOeH| UL epemMeHHo20 psda no usme-
HEHUI MOKOBOU Haepy3Ku (06bEMHO20 31EKMPUYECKO20 CONPOMUBIIEHUS) 8 NOBMOPHO-KPAMKO8PEMEHHOM pexume paboml. TokasaHa
3aBUCUMOCMb 8€TUYUHbI CaMo20 nokazamens Xepcma om OnumeisHOCMU aHanu3upyemMo2o 8peMeHHo20 uHmepsana. Ha ocHosaHuu
nposedeHHbIx uccnedosanull paspabomatbi pekomeHdayuu no pabome HanOHEHHbIX MEXHUYECKUM yariepodoM Kaydykos npu nogmop-
HO-KpamkospeMeHHOM 8030elicmeuu Mokogol Hazpy3Ku.

Knioueenie cnoea:

nekmpocHabxeHue pecypcodobbigarolux ompacnel, pecypcocbepexeHue, HanoHeHHbIe NOUMEPbI,
DEe3UCMOpbI, 06bLEMHOE 3eKMPUYECKOe CONPOMUBIIEHUE, PeXUMb! Pabombi, HECMAaBUMLHOCMb Xapakmepucmuk,
noebIeHHas memMnepamypa, nokazamess Xepcma.

ANl IIEPOKOMACIITaOHOTO MCIIONB30BAHUS ITHX MaTepH-
a7noB SABISETCS HEJOCTATOUHAS CTAOMIBHOCTD X CBOWCTB
IpY HAarpeBe MPOTEKAIOIMMU 10 HUM TokaMmu. Harpes
PE3UCTHBHBIX MONMMEPHBIX KOMIO3ULMOHHBIX MaTepHa-
JIOB BBI3BIBACT PAa3HOOOpasHBIC (PH3HKO-XMMHYECKHE
IPOLECCHl: TEIUIOBYK 3MUCCHUI0 3JIEKTPOHOB, TEPMO-
OKHCIHTENBHYIO JECTPYKIHMIO, CTPYKTYpHpOBaHHE, pe-
JaKCALMOHHBIE MPOLECCHI, U3MEHEHUE PACCTOSHUS MEX-
Ay 4acTHULAMH 3IEKTPOIpPOBOASIIEr0 KOMIIOHEHTA M3-3a
paznmaus K0d(HUIMEHTOB TEMIepaTypHOTro paciiupe-
HHS. OCHOBHBIX KOMTOHEHTOB U T. A. [1-3]. MHTEeHCHB-
HOCTb IPOLECCOB U MX MOCNIECTBUS 3aBUCAT OT PEXUMOB
paboTHI 3amKIIaeMoro 00bEKTa: JHTENbHBIN, TOBTOPHO-
KPaTKOBPEMEHHBIH (LMKIMYECKUiT), UMITYJIbCHBIN U T. I1.

BBeaeHune

[TonuMepHble KOMIO3MLMOHHBIE MaTepHaNbl BbI3bl-
BAIOT BO3PACTAIOIIMI MHTEpEC Pa3pabOTUMKOB BEICOKO-
BOJIBTHBIX PE3MCTOPOB, CIIOCOOHBIX PacceMBaTh OONMbIINE
MOIITHOCTH TIPH KOPOTKUX 3aMBIKAHHSAX M MEpeHapsKe-
HUAX (TPO30BBIX U KOMMYTALMOHHBIX) B 3MEKTPUUECKUX
CeTAX, MUTAIONINX OTBETCTBEHHEIE MoTpeduTenn. K taxo-
BbIM, HECOMHEHHO, OTHOCATCS O3IEKTPOABUIaTENH Ha
NPEANPUATHAX PECypCcOfOOBIBAIOIMX OTpaciell. Brxon
HX U3 CTPOA — 3TO HE TONBKO HOTEPS JOPOTOCTOSIIETO
000py/IOBaHKA, HO ¥ HAapyIIEHHE TEXHONOTHIECKOTo
TpoLecca C OrPOMHBIM 3KOHOMUUYECKHM YIepOOM H3-3a
HEIOTOTydeHHs MPORYKIMH. CIepuBatouM (pakTopoM
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OOBIMHO TeMIepaTypHas CTA0MIBHOCTD PE3UCTHBHBIX
MaTepHaNoB OICHUBACTCS TI0 BEMHYHHE TEMIIEPATypHOTO
koo durmenta comporusienns [4, 5], ompenenseMoro
IpH JTHTEIGHOM HAarpeBe 0 3aJaHHOH TeMIepaTyphbl
[Ipu 3TOM HEOOXOAMMO YUYHTHIBATh, YTO BO3IEHCTBHE HA
KOMIIOHEHTBI TIOJIMMEPHON KOMIIO3WIMM IpPH HarpeBe
MEKTPIUIECKAM TOKOM MOXKET OTIHYATBCS OT PEKHMa
HarpeBa MpH ONPEJIeTICHNN TEMIIEPATypPHOTo K0d(hunu-
eHTa conpoTusieHus. [Ipu TOKoBOW Harpyske HarpeB BO
MHOTOM 3aBHCHT OT JIOKQIBHOTO TEIUIOBBIIENICHNS B S1H-
HUYHBIX EKTPHYECKUX KOHTAKTaX, KOTOpHIC, B 3aBUCH-
MOCTH OT XapakTepa pAacIpeleeHHs SIEKTPOIPOBOMIS-
IIIET0 HAMOJTHUTENS B MHOTOKOMIIOHEHTHOH CUCTEME, MO-
YT OBITH 0YEHD PazHO0OpasHsl [6, 7].

006bEeKTbI U MeTOAbI UCCReaoBaHus

B pabote uccrnenoBaHbl cBOWCTBA PE3UCTHBHBIX MO-
JUMEPHBIX KOMIIO3UIIMOHHBIX MATEPHANOB B TOBTOPHO-
KpaTKOBPEMEHHOM pexkuMe paboThl. B kauectBe 00Obek-
TOB UCCIEIOBAHNS BEIOPAHB! HATIOTHEHHBIE TEXHHIESCKIM
YIJIEPOJIOM KaydyKd HM3-3a MX TEXHOIOTHYHOCTH U 3KO-
HOMUYECKOH 3()PEKTUBHOCTU: NOCTYMHOCTh HCXOIHBIX
KOMTIOHEHTOB, XOPOIIO OCBOSHHAs TPOMBIIUICHHAS TeX-
HOJIOTHSI M3TOTOBJICHAS U3JENUH Pa3TNYHON (OpMBI (ITH-
JMHIPHYCCKHUX, INACTHHYATHIX H T. 1.) [4, 7].

[Ipu BBIOOpE COCTABIAIOMINX IS U3TOTOBJIEHHS MO-
JUMEPHBIX PE3UCTOPOB JUIS MPOMBINUICHHOTO MpPUMEHe-
HUS PYKOBOJCTBYIOTCS CIEAYIOUIUMH KPUTEPUAMHU: IS
TIOJTMMEPOB — HHU3KAs CTOMMOCTH M BRICOKast CTOMKOCTB K
BO3/ICHCTBUIO AarpecCHBHOM CpPENbl, IS YTIEPOIHOTO
HAIOJIHUTENS — HU3KAas CTOMMOCTD M JIOCTYIHOCTD (yIiie-
POJ TPOMBINLIEHHOW TEXHONOTMK M3roTOBJIeHHs) [8].
B 37011 CBA3M B KayecTBE CBA3YIOLIETO MaTepuana Mpu-
MeHeH OyraaueH-HUTpWIbHBIA Kaydyk (NBR mo ANSI
wm CKH-40 — B P®). DiexrponpoBoasmuii HATIOMHH-
Tens — TexHuueckuit yrmepox I11-234 (IIR mo ASTM).
Kayuyx CKH-40 xopormo 3apekoMeHzoBal cebs IpH u3-
TOTOBIICHHH TEIUIOCTOMKHUX H3JENHi, TpeIHa3HauYeHHBIX
JUTA paboTHI B BOJIE, TPAHC(HOPMATOPHOM Maciie, pacTBO-
PHTENISX U HEKOTOPHIX Apyrux cpemax [4]. 11-234 BriOpan
M3-32 TOTO, YTO OH MPOM3BOAUTCS B TPOMBIIIICHHBIX
MacmTabax; 3TOT BBICOKOJMCTIEPCHBIH TEXHWYECKHil yT-
JepoJi CIOCOOCH MOBBINIATH TEMIIEPATYPHYIO CTa0MIIb-
HOCTh KOMIO3HIHOHHOr0 Marepuana [9]. TIpu Heobxo-
JUMOCTH PETYJIMPOBAHUS BEIMYMHBI OOBEMHOTO HIEK-
TPUYECKOTO CONPOTHBIEHHS KOHIeHTpauus [1-234 mens-
nach ot 40 mo 80 BecoBwix yacteil Ha 100 BecoBbIX 4a-
CTEH CBA3YIOLIECH OCHOBBIL.

cmbiTanus BBIMONHSUTACH TIPH TPHIOKCHAN IIEpe-
MEHHOTO HAmMpsKEHUsS MPOMBINLIEHHOW uacToThl. Mc-
TMOJTB30BaHA OMKCAHHAs B [6] METOMMKA, MO3BOISIOMAS
peanu3oBaTh  LHUKJIMYECKOE  BO3JCICTBHE  TOKOBOM
HArpy3Kd Ha PE3UCTOP B CAOBIX AMEKTPHIESCKHUX TONSX C
HEOOXOMMOH JUTHTENBHOCTRIO BO3ACHCTBUS HAMPSKe-
HUS W JUTHTENBHOCTBIO Tay3. BemuunHy ToKa, mpoTeka-
IOIIETO B PE3UCTOPE, PETYINPOBATH H3MEHEHHEM aMILIH-
TYJIBI IEPEMEHHOTO HATIPSDKEHHUS B 3aBHCHMOCTH OT 00b-
€MHOT0 3JIEKTPUYECKOTO COMPOTHUBIEHHS HCIIBITYEMBIX
00pa3noB. s M3MEPeHUH HUCTIONB30BATICS H3MEPHTEIb-
o1l kommiekT K505. Obpasupl umenu (GpopMy LHIHH-
npoB quametpoM 30 MM, anunoi 600 MMm.

Bce ucmbITaHus BHITONHSINCH B OJXMHAKOBEIX YCIIO-
BHAX — OCTABAJIICh HEM3MEHHBIMH OKpPY)KAIOLIas cpena,
KOHCTPYKTHBHOE HCTIOJHEHHE W T€OMETPHUYECKHE pa3Me-
DBl MBMEPHTENBHON sueikn. OOpasibl OXITKIAIHUCH TIPH
TEMIIEpaType OKpPYKAWIIeH Cpeabl, COOTBETCTBYHOIIEH
HOPMAaJIBHBIM YCIOBUAM HcHbITaHu# — 2042 °C. Mcnons-
30BAJICS CTAOWIM3ATOP HANPSIKEHHS, YAOBICTBOPSIOIHIL
tpedoBanmsam [OCT 29322-2014: mpenensHo JOMyCTH-
Moe oTkJIoHeHue +10 % B ciIydae KpaTKOBPEMEHHOTO OT-
KIOHEHHS W £5 % B Cly4ae JUIMTENBHOTO OTKIOHEHUS.
KomugecTBo 00pa31oB Ha TOUYKY HpH UCHBITAHHUAX HE Me-
Hee 12. (Ompenensyioch 1O JHUCTIEPCHH HCCIETYyEMOTO
IpU3HaKa MPH TpeaenbHol omuoke He 6omee 5 %). Ipu
00paboTKe pe3yJabTaTOB H3MEPEHHH HMCMONb30BAHBI
CTaHJapTHBIE CTAaTHCTUYeCKHe MakeThl. CTaTHCTHYECKH
3HAYUMBIC OTINYHUS MPU CPABHEHUU BEIOOPOK OTpEIess-
JUCh C OMOMIBIO T-test (mpoBomiics ¢ ypOBHEM 3HAUH-
moctu 0,05).

PesynbTathl uccnegoBaHus

OnuH U3 pe3yIbTaTOB IKCIIEPUMEHTOB, OTHOCAIIUXCS
K HAarpeBy B MEPBOM IUKJIE PE3UCTOPOB, OTIUYAIOIINXCS
BENIMYMHON UCXOTHOTO COTPOTHBIICHHUS, PEACTABIEH Ha
puc. 1.
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Puc. 1. 3asucumocms uszmeHenus: eiudutbl MOKA Om epe-
MeHu pabomvl 8 NepeoM yukie Hazpesa. Jiesbie
cmonbywl — nuzkoomuule pezucmopot (3917 Omm),
npasvle cmonbyvl — svicoxoomuvle (9912 Om-m)

Fig. 1. Dependence of the change in the current value on
the operating time in the first heating cycle: the left
columns are low-resistance resistors (3917 Ohm-m),
the right columns are high-resistance (9912 Ohm-m)

VCTaHOBIIEHO, YTO WM3MEHEHHE BEIMYMHBI TOKA 3a
TepBBIil LMK B 3aBUCHMMOCTH OT MapaMeTpoB Harpesa
COOTBETCTBYET W3BECTHBIM Ui 3THUX MaTepHaloB 3aKo-
HOMEpHOCTSM TIO BIUSHHIO TEMIIEPATYphl HA BENHYUHY
00BEMHOTO 3NEKTPHYECKOTO COTPOTHUBICHHUS, OMpEeeNs-
eMBIM 110 M3MEHEHHIO TeMIEepaTypHOro Koddduiuenta
comporuBneHus [9]:

e IpU YBENMYEHUHM MPHIOKEHHOTO  HAMPSHKEHUS
(HauanbHOM BEJTMYMHBI TOKA, OMPEALNAIONIEi TemIe-
paTypy HarpeBa) BeNHMYMHA TOKa CO BpeMeHeM (B
npeenax nepuojia Harpys>KeHus ) yMEHbITACTCS;

® IIpH YBEJIHYECHUH JJIUTENBHOCTU IHMKJIA HarpeBa Xa-
paKkTep M3MEHEHHS TOKAa COXpaHAeTCsd, a AMana3oH
€ro U3MEHEHHs PacIUpseTCs;

143



M3BecTns TOMCKOro NonuTEXHUYECKoro yHusepeuteTa. HKUHpUHT reopecypcos. 2021. T. 332. Ne 6. 142-148
Murakosa H.H., Ywakos B.A. OcobeHHoCTV noBeaeHNs HanonHEHHbIX NOMMMEPOB A5 PE3NCTOPOB MPY LIMKITMHECKOM PEXVME HarpyXeHus

¢ IS BHICOKOOMHBIX MATEPHANOB U3MEHECHHE BEIUYU-
HBI TOKA, OTpaxaroliee u3MeHeHHe 00bEeMHOTO dIIeK-
TPUIECKOTO COTMPOTHBICHHS, OOMNbIIE, YeM M HH3-
KOOMHBIX.

Ouenka BIUSHWS BPEMEHH MAay3bl BBIIOJNHAIACH 32
HECKOJIBKO IMKIOB. Ha prc. 2 mpuBeneHs! JaHubIe 3a 15
IUKJIOB «HATPEB—OXIAKICHHE).

W3menenne BeIMYUHEI TOKA 33 15 [UKIOB IMOAYUHSA-
€TCs CIEAYIOINM 3aKOHOMEPHOCTSIM:
® Ha TepBOM LMKIE 3aKOHOMEPHOCTH COBMAJAIOT C

TIPE/ICTABICHHBIMU paHee: TPH HATPEBE TOK YMEHBb-

maetcs (yBENMYMBAETCI OOBEMHOE SIEKTPHYECKOEe

COTPOTHBIICHHE);

e npu HeOombIIOM 3HaYeHNH TokKa (l,.=0,06 A) ero Be-
JMYMHA TPAKTAYECKH HE M3MEHSAETCS B MCCIENOBaH-
HOM JIHATIa30He MPOJIOIKUTENEHOCTH (a3 HArPy3KU U
nay3bl;

o npu yBenuueHuH Toka (l;,,=0,5 A) AuamazoH ero us-
MEHEHHS 32 BpeMs pabOTHI BO3PACTAET;

¢ yBeIMYEHHE BPEMEHH PaOOTHI YMEHBINACT CTaOWIb-
HOCTb BETHYHHBI 00BEMHOTO 3NEKTPHIECKOTO COTPO-
TUBJECHHUS PE3UCTOPA.

BrusiHue JTMTENBHOCTH MAy3bl IS BRIOPAHHBIX 00-
pasLoB pE3UCTOPOB 15 IMKIOB «HArpeB—OXJIaXACHUE»
TOYHHACTCS CTEIYIOMIM 3aKOHOMEPHOCTSM:
¢ 00BEMHOE HIEKTPUUECKOE COTPOTHBICHHE MATOTYB-

CTBHUTEIHHO K N3MEHEHHIO JUTHTENBHOCTH Iay3Hl;
¢ sl HU3KOOMHBIX MATEpPUANIOB 3TO MPOSBIAETCS 00-

Jiee OTYETIINBO, YeM IS BHICOKOOMHBIX.
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Puc. 2. 3asucumocms uzmenenusi 6eaudunbl Moka om @pe-
MeHu naysel 3a 15 yuxkioé npu epemenu pabomvl
100 c: zegvle cmonbysvi — HUBKOOMHbIE MAEPUATbL
(100 Om), npasvle cmonbysi — 6blCOKOOMHBIE Mame-
puanst (1000 Om)

Fig. 2. Dependence of the current value change on the

pause time for 15 cycles with operating time of 100 s:

left columns — low-resistance materials (100 Ohm),
right columns — high-resistance  materials
(1000 Ohm)

H3BecTHO, UTO BIHSHHE TEMIEPATYPBI HA CTPYKTYPY
MNOJIMMEPHOr0 KOMIIO3UIIMOHHOTO MaT€puajla BO MHOT'OM
3aBUCHT OT MAPAMETPOB IHMKJIA «HATPEB—OXIAKICHHE»
[4,9-11]. Caenano mpeAmnoNOXKeHHe, YTO HEIPOMOPIIKO-
HAITBHOE CYMMAapPHOE H3MEHEHHE MapaMeTpa MPU U3MEHe-
HUH JUTHTENBHOCTH May3bl OOYCIOBIEHO HECTAOUIBHO-
CTBIO OOBEMHOTO 3JEKTPHYECKOTO COMPOTHBICHHSA, KO-
TOPOC MO IUKJIaM MOXKET HE TOJIbKO YMCHBIIATBLCA, HO U
YBEIMYHBAThCS. VI3MEHEHHE BO BPEMEHH 3IeKTpOdu3u-
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CTPYKTYpO! BCETIa MMEET CIYYailHyI0 COCTABISIONIYIO.

Jlnsi OLEHKM TEH/ACHIMH BPEMEHHOTO psijia MO0 W3MEHe-

HAI0 BEIMYMHBl TOKa TIpH paboTe B IIOBTOPHO-

KPAaTKOBPEMEHHOM PEXKHUME HCIIONB30BAICI MOKA3aTelNlb

Xepcra. OH 03BOJISET OLCHUTH XAPaAKTEP AOJNTOCPOUHOM

3aBHCHUMOCTH CTOXACTHYeCKOro mporecca [12, 13].

Jln1s KOppeKTHO! OLEHKH BIMSHUS MTHTEIBHOCTH I1a-
y3b Ha BENWYHMHY TOKa OBUIA pacIIMpeHa IporpamMma
sKcrepuMenTa. [1o TONyYeHHBIM JKCIEPUMEHTaIbHBIM
JaHHBIM 32 50 [UKIOB «HATPEB—OXNIAXJICHUE» OBLIH HC-
CJIEOBAHBI BPEMEHHBIE PSIBI M OCTPOCHBI IPaduKy 13-
MeHeHHs ToKa mo mukiaam (puc. 3, 4). Ilpumenen mMeron
HOpMEpOBaHHOTO pasmaxa — (R/S) meton [13]. Bpemen-
HOM mpolecc M3MEHEHHs aHATM3MPYeMOro MapameTpa
OIICHMBACTCS 10 BENMYMHE MOKasarens Xepera [13, 14].
[MocnemoBarensHoCcTH, M1 KoTophix 0,50<H<1,00, cum-
TAIOTCS TIEPCHCTEHTHBIME (TpeHmoycToiunBbIME). OHH
COXPAHAIOT MMEIOMYIOCA TCHACHIMIO: HAOMIOMAeMBIA B
JIAHHBI MOMEHT POCT MapameTpa C BHICOKOHM BEPOSTHO-
CThI0 OyJeT HaOMIoIaThcs U B JanbHEHIIeM M, COOTBET-
CTBEHHO, Haobopot. Ilpw Bo3pactanmu H TeHIEHIUS
yemmuBaercs. Jlmanaszon 0<H<0,5 cooTBeTCTByeT aHTH-
TIEPCUCTCHTHBIM PSIaM: UMEIOIIASCS TEHACHIMS MOXKET
CMEHHUTBCS. Ha TPOTHBOIONOKHYIO: TOCIE BO3PACTAHHUS
TepPEeMEHHON BO3MOXKHO €€ yMEHBIICHHEe M Hao0OpOT.
BepoATHOCT TakuX MpPOSBICHHN YBETMUUBACTCS IPH
YMEHBIICHUH TT0Ka3atens Xepcra B obmactu menee 0,5.

HWcnpiTanus TpOBOJWINCH TI0 Pa3paboTaHHOH Mpo-
rpamme OBM u Metomuke, omucansoi B [15]. ITokasa-
TEINb OMPEEISICS TI0 ABYM BaprHaHTaM aIpOKCUMAIIHH:
1) «random walk» — cepus DaHHBIX PacCMaTPUBAETCA

Kak ciydaiiHoe ONyXJaHHe CO CIyYalHBIMH IIPUpa-

HmIeHUAMH (11 BPEMEHHBIX PSIOB CO CKaukooOpas-

HBIMU HU3MCHCHUAMU 6,]'[31"0)13[)5{ CIIa’)KUBaHUIO T'pa-

(uKa mpu mojcYeTe OTKIOHEHNUS OT CPETHETO 3HAYe-

HHA);

2) «change» — sz COCTOUT U3 CIyYaiHbIX MPUPALIEHHH
(Z[J'[ﬂ BPEMECHHBIX PAA0B C INIaBHBIMH 6J'II/13KI/IMI/I MECK-
1y co00ii H3MEHEHUAMM).

OO0pabaTsBaINCh IKCTICPUMEHTANLHEIE TaHHBIE, OT-
paXalomie W3MEHEHHS BEIMYMHEL TOKa (00BEMHOTO
MIEKTPUIECKOTO CONPOTUBIICHHS) C TEYCHHEM BPEMEHH
TIPH HATPEBE B IOBTOPHO-KPATKOBPEMEHHOM PEKUME pa-
00Tel. Bpemenno# psj 3amaBajncs BBIOOPOM HMHTEpBaia
MEXIy 3aMepaMH BEMYMHBI TOKA TP 3aJaHHOH BENH-
YHHE HANPSDKCHAS B COOTBETCTBHH C PEKOMCHIAIMSIMU,
chopmyupoBanusiMia B [15]. Ha ocHOBaHuMM mONMydeH-
HBIX JAHHBIX ITOKA3aTECIb XCDCTa OLCHUBAJICA 110 Pa3sHbIM
[UKIaM. YCTAaHOBJICHO, YTO XapakTep ammpOKCHMAIHH
CYIIECTBEHHO HE BIUSCT HA 3aKOHOMEPHOCTh U3MECHCHHS
moKazatenss Xepcra JUIs PacCMaTPUBACMBIX YCIOBHI
9KCIICPUMEHTAa U BPEMCHHBIX HMHTCPBAJIOB. Cratucrtuye-
CKH 3HAYMMBIX OTIMYMHA IPH CPaBHEHHH BBIOOPOK HE
Habmoganock. [lomydeHHbIe pe3yIbTaThl MPEICTABICHEI
Ha puc. 4.

[Ipomecc W3MEHEHMS BEIMYMHEI TOKA B MOBTOPHO-
KPAaTKOBPEMEHHOM PEXKMME HA BPEMEHHOM HHTEpBajie 0—
5 UKIOB XapaKTepu3yeTcs mokasarenem Xepera
0<H<0,5 (puc. 3). YkazaHHAas BBIIIE TEHACHIUA COXPa-
HAETCS VI MCCIEIOBAHHBIX PEXUMOB paboThl (pucC. 4).
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[Ipouecc HeycTONYMB B OTHOLIEHWH TPEHIOB. B nuama-
30He 5—15 kOB 3HaYeHne H yBENMUHMBAETCS M BBIXO-
1t 3 puanaszona 0<H<0,5 (puc. 3).

0,75 4

0,5 1
y ]
0 - r r r
1 2 3 4

Puc. 3. Ilokazamenu Xepcma ma paziuyHulX 6pPEMEeHHbIX
unmepeanax: 1) 0-5 yuxnos; 2) 5-15 yuxaos;
3) 15-50 yuxnos; 4) 0-5 yuxios nocie mepmompe-
HUPOBKU

Fig. 3. Hurst exponents at different time intervals: 1) 0-5
cycles; 2) 5-15 cycles; 3) 15-50 cycles; 4) 0-5 cy-
cles after thermal training
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Puc. 4. 3asucumocms eenuyunbl MoKka om Koauyecmed YUK-
JI08 NpU PA3HLIX NAPAMEMPAx pPexdcuMa pabomol:
1-t=10c¢ t,=110¢c; t,=10c; t,=20c¢

Fig. 4. Current value dependence on the number of cycles
for different parameters of the operating mode:
1-t,~=10s; t,=110s; t,=10s; t,=20°s

Jlannple, monydyeHHele B uHTepBane 15-50 IuKIOB
(puc. 4), moxaszanu, 4TO B 3TOM BPEMEHHOM HHTEPBAJC
BEJIMYMHA OOBEMHOTO DIEKTPHYECKOTO CONMPOTHBICHHUS
M3MEHSETCS 3HAUMTENBHO cradee, YeM B MPEeAbIIyIIHe
BpPEMEHHBIC HHTEPBAJIBI. [ paQuKN 3aBUCHMOCTH U3MEHE-
HYSL BEIMYMHEI 00OBLEMHOIO JJIEKTPUYECKOIO CONPOTHB-
JIEHUs OT BPEMEHHU XapaKTepH3yeTcs BEIMYMHON MOKa3a-
test Xepera 0,50<H<1,00. ITonyyeHHbIE 3HAYEHHUS TAIOT
OCHOBAaHHME II0JaraTh, YTO 3TO TPEHAOYCTOMYMBEIA Bpe-
MEHHOHM IIPOLECC C JOJTOBPEMEHHBIMH KOPPEISALUSIMH
MEXKIY TEKYIIUM COCTOSIHMEM MaTepuana ¥ COCTOSHHEM
€ro B OymymieM.

BEiBoJ; 0 BO3MOKHOCTH IIPOTHO3HBIX OLIEHOK 10 TTOKAa3a-
Temo Xepera Ui TAKHX MaTepUalioB MPOBEPSIICS SKCIIEPH-
MEHTAJILHO JUTS PE3UCTOPOB-00PAa3LOB MPH M3MEHEHNH JUIH-
TEJIBHOCTH PabOTHI U JTMTENLHOCTH May3bl (prc. 4).

Pe3ynpTarel DKCIIEPHMMEHTOB MOATBEPAWIM, YTO Xa-
paKTEp M3MEHEHHS OOBEMHOTO DIEKTPHUECKOrO COIMpO-
THUBJIEHHS BO BPEMEHM IPH YBEIMYCHHH IHTEIHLHOCTH
BPEMEHHOT0 MHTEPBAJa CYIECTBEHHO HE M3MEHSETCS: OH
TAKXKe 3aBUCHT OT TUTEIBHOCTH BPEMEHHBIX HHTEPBa-
JIOB, B KOTOPBIX BBIONHSUICS aHAH3.

[Ipn yBeTMYEHHOM KOJIMYECTBE IMKIOB COXPAHAIOTCS
TPEHIbl, XapaKTepHbIC JUTS HAYaNbHBIX IIMKIOB: BO3pac-
TaHWE U YMEHBIICHUE BEJINYUHBI 00BEMHOTO 3NEKTpUYe-
CKOT'O COIPOTHUBJIECHHUS CMEHSIOT APYT Apyra. Ha Hauanp-
HBIX [MKJIAX [POIECC MOXKET OBITh KaK aHTHIIEPCUCTEHT-
HBIH, TaK M HEePCUCTETHEIA (0 KpaiiHel Mepe, B auamna-
30HE BEIMYHH TOKOB, HMEIOLIMX MECTO B OIHCHIBAEMBIX
HKCTIEPUMEHTAX).

Takast 3aKOHOMEPHOCTh CBSI3aHA C TEM, 4TO B HAIOJ-
HEHHBIX TEXHHYECKUM YIIEpPOJOM KaydyKkax TpH [eii-
CTBHH TIOBBHIIICHHBIX TEMIIEPATYp TEPMOCTHMYJIHAPOBAH-
HBIE TIPOIIECCHl PEATM3YIOTCA Ha PA3IHYHBIX YPOBHSX:
3MEKTPONPOBOSIIAS CETKA, MOTPYXECHHAS B TONHMEp-
HYI0 MATPUIy, CIMHUYHBIA KOHTAKT «IpoBojsmias da-
3a — monmMep — mpoBojsuias hasay. Pacmpenenenue co-
BOKYITHOCTH €IMHUYHBIX KOHTAKTOB 110 CBOUCTBAM C yue-
TOM HX pazdpoca Mo TapaMeTpaM 3aBHCUT OT HCXOJHBIX
KOMIIOHEHTOB B cMecH [4, 16, 17].

MoxHO Tmonarath, 4T0 U3MEHEHUE TEIUIOBOW HATPY3KU
Ha ¢JIMHAYHBIN KOHTAKT CBA3aHO C (DH3UKO-XUMHUYECKHMH
Tpoleccamu, 00yCIOBICHHBIMI HAKOIUICHUEM M3MCHEHHH
B CTPYKType MaTepuala, KOTopble, B CBOIO OuYepeib, 00y-
CJIOBJICHBI JTUTEIBHBIM MPEOBIBAHAEM TP MOBBIIICHHOMN
temnepatype [18-20]. B 370ii cBSI3M NpeacTaBIsNO HHTE-
pec OLEHUTh BO3MOXXHOCTh MHHHMMH3AIMH TPEHIOHE-
YCTOWYMBBIX MPOIIECCOB € MOMOIIBIO TEPMOTPEHUPOBKH.
[Tocnenusas ocymecTBIANACh B PEXUME HHTCHCUBHBINA
HarpeBa: 5 IUKIOB, BKIIOYAIONIMX HATPY3KY UTHTEIBHO-
ctbto 100 ¢ B KaXI0M UK€ U May3bl ATUTENBHOCTHIO 20 C.
HavanbHblit Tok ObLT paBeH 1,5 A.

VCTaHOBJICHO, YTO MpeABapHTENbHAS TEPMOTPEHH-
POBKa CTa0MIH3MPYET MPOIECCHl HA HAYANBHBIX [UKIAX
Harpesa. [lokazarenb Xepcra mensiercs ot 0,39 mo 0,62.
HectaOunbHOCTD BETMUMHBI TOKA TIOCTIE TEPMOTPEHUPOB-
KH yMmeHbInaercst Ha 20-22 % 1o cpaBHEHHIO CO 3HAve-
HHSMH JI0 TEPMOTPEHUPOBKH.

3aknouyeHue

3KCHepI/IMeHTaJ'H>HLIMI/I HUCCICAOBAHUAMHU  BIUSAHUSA
BpPEMEHHU pabOTH! M BPEMEHH ITay3bl HA H3MEHEHHUS BEIH-
YUHB  00BEMHOTO JICKTPUICCKOr0  COTIPOTUBJICHUA
HAIONHEHHBIX TEXHAYECKUM YTIIEPOJOM KaydyKOB IOKa-
3aHO, 4TO BETMYMHA Pab0yero Toka MpH HCCIeI0BAaHHBIX
BPEMEHHBIX MapaMeTpax yMeHblaercs (00beMHOe HIIeK-
TPUUYECKOE CONPOTHBICHHE YBEIMYMBACTCS). YBENHYe-
HHE BpPEMEHH PabOTHI CONMPOBOXKAACTCS TakUM ke -
(exToM. YBenuueHue JUMTENEHOCTH Tay3bl B IHKINYeE-
CKOM pEeXMMe Harpy3KH YBENWYHMBAET TEMIIEPaTypHYIO
CTaOWILHOCTh 00BEMHOTO 3NIEKTPUYECKOTO COMPOTHBIIE-
nusg. Ha HavanbHBIX HUKJIAX YBEJIMYCHUC NJIUTCIBHOCTU
Tay3bl MOXKET BIMATH HEOJHO3HAYHO — HE TOJBKO YBEIH-
YUBaTh CTAOMIBLHOCTD TApaMeTPa, HO M YMEHbIIIATD €e.

Crenan BBIBOJ O TOM, YTO TOKa3aTellb XepcTa Kak
OJIHY M3 XapaKTEePUCTHUK yCTOMYMBOCTH BPEMEHHOIO psja
MOKHO HCIIOJIB30BAaTh B KAYE€CTBE AOIIOJIHUTCIBHOI'O MH-
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CTPYMEHTa JUIsl UCCIENOBAHUS MOBEJEHUS ANEKTPONPO-
BOJAINMX HATIOJHEHHBIX IIOJMMEPOB B  MOBTOPHO-
KpAaTKOBpEMEHHOM pexkuMe HarpeBa. [lo pesymbraTam
CpaBHEHHS 3HAYCHHH TIOKa3aTeNst XepcTa s UCCIeno-
BAHHBIX BPEMEHHBIX MHTEPBANIOB BBIABJIEHO, YTO €ro Be-
JMYMHA 3aBUCUT OT BPEMEHHOTO AMaNa3oHa.
VCTaHOBNIEHO, YTO XapaKTep H3MEHEHHS BEIUIHHBI
00BEMHOTO 3JICKTPUIECKOTO COTPOTUBIICHHS B HAyallb-
HBIX IIMKIAX HarpeBa SBISETCS AHTHIIEPCHCTEHTHBIM
HE3aBUCUMO OT JJIUTENbHOCTH Tay3bl. Jlanee BpeMeHHON
PANl CTAHOBUTCS TNEPCUCTEHTHBIM. 3aKOHOMEPHOCTh He
3aBUCHT OT JUTUTEIBHOCTH (ha3bl HA'PY3KH U MAY3bl.
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The relevance of the work is caused by the fact that ensuring uninterrupted power supply to enterprises in resource-extracting industries is
an indispensable condition for their effective functioning. The latter, in its turn, is determined by the quality of protection of power-
consuming equipment (primarily electric motors) from short-circuit currents and overvoltages in the supply network. Their limitation is pro-
vided by a set of measures; the most important of them is the use of high voltage bulk resistors capable of dissipating enormous power. In
recent years, filled polymers have attracted the attention of specialists as materials for the manufacture of such resistors. Along with such
their advantages as: the availability and low cost of starting materials, well-mastered technology for production of such compositions, they
have a significant drawback — strong dependence of the specific volumetric resistance on temperature and, consequently, on the modes of
their operation. Due to the variety of processes in filled polymers, stimulated by elevated temperatures, it is necessary to study their beha-
vior depending on heating conditions. One of the most common modes of operation of polymer composite materials is repeated short-term
exposure to current load, in which multiple changes in temperature occur, negatively affecting the stability of the resistor parameters. This
makes it relevant to study the dynamics of volumetric electrical resistance, as the most important parameter of a resistor, in complex cur-
rent load modes.

The purpose of the work is to assess the possibility of operating rubbers filled with carbon black in the «heating-cooling» mode: studying
the spread of the current value depending on the current load, operating time and pause during heating with alternating current. Due to the
multicomponent structure, the stability of the electro physical characteristics is largely determined by the mode of their operation.

Methods: instrumental measurements of electro physical characteristics of resistive polymer composite materials, statistical processing of
measurement results, assessment of time series of changes in random parameters.

Results. The authors have revealed the dependences of the magnitude of the alternating current flowing in carbon black butadiene-nitrile rub-
bers on duration of operation and duration of pauses in intermittent operation. The authors established as well the possibility of an ambiguous
effect of the pause duration on current value stability. The possibility of using the Hurst exponent for assessing the tendencies of the time series
by the change in the current load (volumetric electrical resistance) in intermittent operation was confirmed. The dependence of the value of the
Hurst exponent itself on the duration of the analyzed time interval is shown. On the basis of the studies carried out, the authors developed the
recommendations for operation of rubbers filled with carbon black under repeated short-term exposure to current load.

Key words:
Power supply of resource-extracting industries, resource saving, filled polymers, resistors,
volumetric electrical resistance, operating modes, instability of characteristics, elevated temperature, Hurst exponent.
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