BeeneHune MNoganep>xaHne HeobXxoaMMbIX TEXHOJIOMTNYECKNX PEXVMOB B
MPOMBbILLU/IEHHOCTN, CTPOUTENLCTBE, CUCTEMAX SHEPrOoCHab)XeHNs ABNAETCA Ba)KHOMN
3agaven onga obecnevyerHnsa 6ecnepebonHon n HagexHom paboTbl HAPOAHOIO
x03ancTBa. bonbwmne npobnembl CBA3aHbl C KJIMMAaTUYECKON 30HON, B KOTOPOWN
HaxoOUTCA Halwla cTpaHa. MNMpoaomKuTeNnbHble 3UMbl TPEBYIOT 3HaYMUTENIbHbIX 3aTpaT
Ha nogaep>xaHue HY>XHbIX TeMMepaTypPHbIX MapaMeTPOB Ha BCEX 0OBbEKTaX XXUJIOro 1
MPOMBbILLJIEHHOIrO Ha3HavYeHns. YHBepcaabHbIM cnocobom nogaep kaHums
TemMnepaTypHbIX PEXVMOB Ha NPOMBbILLUNEHHbLIX 06beKTaxX, 0COBEHHO yaaneHHbIX OT
LLeHTPa/IN30BaHHbIX Y3/10B TeMN0CHAbXeHNA, ABNAETCA dINIeKTPUYECKasa dIHepPrus.
YnobCcTBO AOCTaBKU, peryampoBaHuUs YPoOBHA MOLWHOCTU, Hannyme passuTon
MHPACTPYKTYPbl BLIBOAUT Ha NepeaHnin naaH pa3paboTKy 3KOHOMUYHbBIX CUCTEM
anekTpooborpesa. Ana ynobcTea 1 aKkoHOMUM paboyen cuibl, Kak NpaBuio,
NMPUMEHSAITCSA aBTOMaTUYeCKMe CUCTEMbI 3Nn1ekTpooborpeBa, KOTopble Yepe3
3/IEKTPOHHbIE CXeMbl 0OPaTHOM CBA3M M MO CMTHa1aM crneymaibHbIX 4aTYNKOB
MO3BONAOT PEryMpoBaTh BbIXOAHYIO MOWHOCTb HarpesaTenen. OgHako
aBTOMaTU4eCcKne cucTeMsbl asiekTpooborpesa TpebytoT pa3paboTKy cneumanbHbIX
cxeM, ux obcny>xmpaHmsa. OHU MOryT BbINTU U3 CTPOS, TEM CaMbIM NoaBepras
OMAaCHOCTK CaM TEXHOJIOrMYECKUI NpoLecc, roe NpUMEHseTCsa peryampoBaHue
TeMmnepaTypbl. Fpynnon y4yeHbix n3 KHUTY pa3paboTaHa [1] rpetowas koMno3numsa ¢
CaMoperympyeMbiMn 3N1eKTPNYECKUMIU CBONCTBaMK, He Tpebytowasa npu ceoen
3KCnayaTauum AONOJHUTENbHbLIX AAaTYNKOB TEeMNepaTypbl N IIEKTPOHHbIX CXEM
obpaTHOM cBA3K. KOMNO3Muma BKAOYaeT B cebs NoOIMMEpPHbIN MaTepuan u
Yyr1epoacoAep Xallmim HanonHuTenb. HecMoTps Ha To, 4TO noamMepbl obnagatoT
OT/INYHBbIMW CBONCTBAMMN A5 LUMPOKOro Kpyra NpoOMbILLIEHHbLIX 0ObEKTOB, OHU O0Jroe
BpeEMSA HE NPUMEHANNCH A8 NPUNOXKEHUN, TPEBYIOWNX S3NEKTPNYECKON
nposoanMocTn. [lobasneHune yrnepoacoaepXalmx HanoaHUTeNnen B NOJIMMEPHYIO
MaTpuuy NpuaaeT UM SIEKTPUYECKY0 NPOBOANUMOCTb. [laHHbIM MaTepuan obnapgaeT
CMOCOBHOCTbLIO K CaMoperyampoBaHUo BblaensaemMon MowHoCTW. MpuHumn
CaMoperympoBaHMsa CONPOTUBJIEHNS 3aKJ/Il04aeTCsa B CleyoLWeEM: KOraa
OKpy>Kawuwasa cpefa Xosno4HasA, MaTepuan rpetowero afieMeHTa OKnuMaeTcs,
co3faBas NpM 3TOM MHOXXECTBO TOKOMPOBOAALWMNX AOPOXKEK U3 YTNE€POLHOro
MaTepuana, CHMXKas TeM CaMbIM 3JIeKTpuYeckoe conpoTmuaiaeHme. MNMpu NnpoxoxxgeHumn
yepes rpeLmnin 3J1IeMeHT /IEKTPUYECKOro TOKa NMPONCXOOUT BblAesIeHne TenJ0BOn
3Heprun. B 6onee Tensbix y4acTKax rpeloLero aJleMeHTa MaTepuran paclumpseTcs,
COKpaLlas npm 3TOM YNCJI0 TOKOMNPOBOOALWMNX OOPOXKEK. DNEKTPNYECKOE
COMNpPOTUBNEHNE MaTepuasa rpetoLLero 371IeMeHTa NoBbILLAETCS, B pe3ybTaTe
BblAeNIeHMe Tensa CHMXaeTcsa. B ropaynx y4yacTkax pacwimpeHne matepmana
rpetowero afnemMeHTa NpakTMYeCcKn NOJHOCTbLIO pa3pbiBaeT TOKoNpoBoasaLmne
OOPOXKU. pn 3TOM 3NeKTpnYeckoe CONpoTMBIeHNEe MaTepmasia CTaHOBUTCH O4EeHb
BbICOKMM, YTO NPUBOAUT K 3HAYNTENIbHOMY CHUXXEHWIO BblAENEHNSA TEMJIOBOW SHEPrUn
[2-3]. Takoe CBONCTBO rpetoLen KoMNo3numm NCKJKYaeT neperopaHme v



obecneymBaeT noagep)xaHne paBHOMEPHOW TeMnepaTypbl N0 BCeN MPOTAXKEHHOCTU
MOKPbLITOro repMeTUKOM MaTepmnana, no3sonsdeT Boobuie obontuceh 6e3
TeMnepaTypHbIX 4AaTYNKOB U INEKTPOHHbLIX CXEM PEryampoBaHMsa TemnepaTypbl B
rpetowen cucteme. NMonncynbpuaHble oMroMmepbl ABAAKOTCA OCHOBOW
KOMMO3ULMNOHHbIX MaTepnanoB, N3BECTHbIX Kak NoanuCybpuaHble repMeTuKu,
co3patolme HENPOHNLAEMOCTb B YC/I0BMAX Ae(OpPMaLMOHHOIO PacTsaXEeHNS U
C>KaTus, B YCJNIOBUAX Nepenaga TeMnepaTyp, HaM4ng pacTBopuTesien n arpecCmBHbIX
cpen [1]. Mo aneKTpopn3nyeckMmMm CBONCTBAM Ca)KeHarnoJIHEHHbIE KOMMO3ULUOHHbIE
MaTepuasibl HA OCHOBE NOJNCYIbPUNAHBLIX OJINFTOMEPOB ABAAIOTCHA MNOJYNPOBOAHNKaMU,
nx ygenbHoe conpoTtmasieHne 100-1000 Om.™m [4]. lNpnMmeHeHne ca)KeHanoJIHEHHbIX
MnoIMMEpPOB Ha OCHOBE MOJINCYIbPUAHBIX OIMFOMEPOB B Ka4yecTBe MaTepunana
CaMOpPEryINPYIIOLWLMNXCS 3/IeKTPOHarpeBaTesibHbIX 3/71EMEHTOB 00yC/I0BIEHO BbICOKOMN
3/1aCTUYHOCTbBIO M BO3MOXKHOCTbLIO 3KCMayaTauum B gnanasoHe TemnepaTtyp oT -60 go
+1300C, CTOMKOCTbIO K eCTeCTBEHHOMY aTMOC(hepHOMY CTapeHUo NPU KOMMNJIEKCHOM
BO34ENCTBUN Tenja u Mopo3a, XopoLwlen aaresmen K MetasislaM 1 Xxopowmmm Gu3nko -
MeXaHU4YeCKMMU CBONCTBaMN (MexaHu4yecKas npo4YHOCTb, YOJIMHEHWE Npu pa3pbiBe,
TBEPOOCTb U MOAYb yNpyrocTun). MonncynbniHbie repMeTUKN LUNPOKO
MPUMEHSAITCSH B Pa3INyHbIX 061aCTAX TEXHUKK, YTO O3HA4YaeT Ha/n4me Cbipbs,
HaNla>XeHHOCTb NMPOU3BOACTBa N, COOTBETCTBEHHO, AeLeBU3HY NMPOU3BOANMbIX Ha NUX
OCHOBeE 3J1IeKTpoHarpesaTe/IbHbIX 3/IEMEHTOB, HaNnpuMep camMmoperyJsinpyoLmnxcs
kabenen. B cTaHQapTHOM UCMNOJIHEHUN B Ka4YeCcTBe NPOBOASALLErO 3/IeMeHTa B
Komno3nuyuio gobasnsercsa TexHnyeckum yrnepon mapku M-803. HecmoTps Ha
XopoLuve pe3ysibTaTbl N0 A4OCTUraeMon KPYTU3HE KPUBOW 3aBUCUMOCTU yaesIbHOW
MOLLHOCTM OT TeMrnepaTypbl, ee NpakTU4eckoe NCrosib30BaHUe B Ka4ecTBe
caMoperysmpytouLerocs rpetouero TOKonpoBoAsALWero asieMeHTa 6b1s10
MaJIOBEPOATHbIM MU3-3a HE4OCTATOYHON NIEKTPUYECKON MOLLHOCTW. [1na NoBbILLEHNS
3/IeKTPONPOBOAHOCTU KOMMNO3ULUN YaCTb TEXHNYECKOro yriepona bbinla 3aMeHeHa Ha
aneKkTponpoBoasAuwyto caxy Vulcan XC-72 (npoaykuunsa Kopnopauun Cabot).
HobasseHne yrnepoaHbliX HaHOYaCTUL, OOMNOJHUTENbLHO yay4yllaeT
3J/1eKTponpoBosLine CBOMNCTBA KOMMO3NLNN. DKCNEePUMEHTasIbHAadA YacTb
TemnepaTypHas 3aBUCUMOCTb YAEJbHOW 3/IEKTPNYECKON MOLLHOCTM NOJINMEPHON
KOMMO3UL MM NOoJIy4eHa C MOMOLLbIO YCTAaHOBKWN Ha oCHoBe 610ka TemnepaTypHOM
ctabunnsayunm B-VT-1000 (pmnpma Bruker, F'epmanunsa), onncanHon B paboTte [5].
TemnepaTypa B a4enke ¢ obpasyomM nogaep >xmBaeTca C NMOMOLLbI NOTOKa
razoobpa3Horo asoTa, NOCTynarLWero No BakyymHonm Tpybke n3s cocyna Obtoapa C
XXNOKNUM a30TOM. BHYTpu BakyyMHOW TpybKu, CBA3bIBatOLWEN pabodnin 06beM s4enku
cocynoMm [lbtoapa, HaxoOUTCA HarpeBaTesibHbIN 3J1IEMEHT, HernocpenCcTBEeHHO
perynupytowmnn TemnepaTtypy rasoobpasHoro asota. llocne ycTaHOBKN n
cTabunmnsaynm Heobxoommonm TeMmnepaTypbl MPOBOAUTCSA CHATUE INIEKTPUYECKUX
XapakTepucTtumk obpasua ¢ NoMoLbio MynbTumMeTpa MY-68 dpmpmbl Mastech.
Pe3ynbTaTbl n 06cy>xaeHne Kak BuaHo n3 rpaduka, 3ameHa 20% TexHMU4YeckKoro



yrnepopga Ha asiekTponposogsuwyto caxy Vulcan XC-72 B cocTaBe KOMMoO3nuum
Mo3BOJIAET 3HAYNTESIbHO YBEJINYNTL YOEJIbHYIO 3/IEKTPUYHECKYIO0 MOLWHOCTL. lMpn
nobaBneHnn MMKpOL03 yraepodHbiX HAHOCTPYKTYP KpmMBasa TeMmnepaTypHOun
3aBMCUMOCTU yOesIbHON MOLLHOCTM CMeLlaeTCs Nno ocu TemMnepaTyp, Tak xe
N3MEHSAEeTCs ee KpyTU3Ha. [JaHHbIN 3(heKkT No3BONAET peryampoBaThb YAEbHYIO
MOLLHOCTb CaMOperyJimpyeMoro HarpesaTesIbHOro 3J1eMeHTa B pPa3/InYHbIX
Anana3oHax TemnepaTyp. Ha puc. 1 npeacrtasneH rpamk TemnepaTypHoOmn
3aBMCUMOCTU yOesIbHON 3N1eKTPU4eCKOW MOLLHOCTW MOJIMMEPHbIX KOMMO3NL NN,
Mony4yeHHble pe3ysibTaTbl MO3BOJAIOT FOBOPUTb O BO3MOXXHOCTU UCMNOJIb30BaHUS
caMoperynmpyrLascsa TOKONMPOBOASALLEN FpeloLwwen KoMno3numm ansa 6opbbbl C
cocyNibkaMu (Haneablo) Ha KpbilWax 1 NpoBogax, Npu NOEHNM XXUBOTHbLIX 3MMON, a
Tak>Xe B aBnauun, onsa 6opbbbl ¢ obneneHeHnem nonacTen BepToOsIETOB U KPbIJIbEB
camosieToB. OLEHKN BO3MOXXHOI0 3pheKTa NPUMEHEHNSA TaKNX MaTepunasos
NMPUBOAAT K BbIBOAY O CYLLLECTBEHHOM YMNPOLLEHNN TEXHOJIOMMYECKOro npouecca
N3roTOBJIEHUSA, NOBbLILLEHNN HAOEXHOCTU paboTbl U yNpoweHns aKcnayaTaumnm
npoTmnesobnefaeHNTENIbHOM CUCTEMbI. PUC. 1 - 3aBUCUMOCTb YAEIbHON MOLLHOCTU TOKa
CaMOoperympyowencs ToKonpoeBoasLen KoMno3nyum ot temnepaTypsbl, 1 -
NCXOLHbIA KOMMO3UT, 2 - KoMNo3uT, rae 10% T.y. 3aMeHeHa Ha 3/1eKTPonpoBOAALLY O
caxy Vulcan XC-72, 3 - komno3ut, rae 10% T.y. 3aMeHeHa Ha 3J1IeKTPOrNpoBOASALLYIO
caxy Vulcan XC-72 n pobaBneHbl HaHo4YacTuLbl B o6beme 0.5% oT obuien macceol
yrnepogHoro HanosnHntena Hanbonee yHnsepcanbHbIM NPaKTUYECKUM UCNOJTHEHNEM
caMoperympyrLerocs rperLwero TOKONPoBOASLLEro 3/ieMeHTa aABseTcsa Kabenb,
OCHOBOWN KOTOPOro SAB/ISAETCH TEMNJ0BbIAENAOWMA MaTepunas, 3an0oJIHALWNN
paccToaHMe Mexay ABYMS TOKOHECYLUMN MeTalIMYeCKUMN Xunnamm. MexaHn4eckmne
HarpysKkn Ha OaHHbIN MaTepuan OeNCcTBYOT cneayowmm obpasom - yem bonbLue
CKMMaeTca KoMno3numsa, TeMm bosblue NPOXoAALLIn Yepes Hero Tok, n HaobopoT. U,
MoO3TOMY, 3TOT MaTepuasn Takxe MoXeT bblITb NMPUMEHEH B CO34aHNN AeLleBblX
0e3nHepPUMOHHbIX LUIMPOKOAMANA30HHbIX BECOB, KOTOpPbIE, K NpuMepy, MOryT BbiTb
COMHTMpPOBaHbI B acdasibTOBYIO A0pOry v dbyayT gaBaTb MHGOpMaLuio B
aBTOMaTU3MPOBAHHYIO CUCTEMY KOHTPOJIS BECOB MPOHOCALLMXCA MalnH. Ha 6a3e
OAHHON pa3paboTKM TakXe MOXKHO CO34aThb AEeLeBble U HaAeXHble CUCTEMbI
KOHTpPONA aedopMaLmmm pasInYHbIX HECYLLUUX KOHTPYKLWA 30aHWUN, MOCTOB Y
MPOMBbILLUJIEHHbLIX COOPY>XXEHUN, aMNAnNTYAbl KosiebaHM BbICOTHbLIX 30aHU. Ha puc. 2
npueeneHbl GoTo U cxeMaTmndeckoe obo3HavyeHMe BapnaHTa Kabens ¢
CaMOperympyowencs TOKoNpoBoAsLLEN rpeoLlen KoOMMo3numnen Mmexay ABymMs
rnosioCkaMmn MmegHou ponbrn. Puc.3 aeMoHCTpupyeT BANSHNE MEXaHUYeCKOro
OaBNeHnsa Ha 3ToT Kabenb. Yem 6osblie CKMMaeTCca KOMMO3numsa, TEM MeHbLLE ee
3/IeKTPUYeCcKoe ConpoTmMBIEHNE, N, CNefoBaTesibHO, TeM 6osblue TOK, MPOXOoAALLNA
yepes Kabenb n TeM Ap4ve ropuT nocnenoBaTesIbHO coeguHeHHas namnoYka. Puc. 2 -
doTorpacpua n cxematmnyeckoe obosHavyeHme obpasua BaprnaHTa Kabens ¢
CaMoperympyouencs ToKonpoBoasLLen KoOMNo3nynen Mmexay AByMs nosockamm



MenHoun ponbrn Puc. 3 - leMoHCTpauns BJANSHNA MeXaHU4YeCKoro gasJsieHns Ha
3N1EeKTPONPOBOAHOCTb CaMoperyanpyoLierocs rpewouiero kabens BoiBoabl
Pa3spaboTaHa HOBas caMoperyanpyowasca ToOKoNposoasaLlas rpewLas KoMno3numns ¢
XOpOLUUMUN repMeTU4eCcKMMn, aare3noHHbIMN CBONCTBAMUK, KOTOpas Masio
noABep>XeHa BJNAHWUIO BHELWHUX arpecCMBHbIX Cpef, a 3J1IeKTPornposoasllme CBONCTBa
MaTepuasa MoryT perynmpoBaTbcsa fobassieHneM sanekTponposoasLen caxum Vulcan
XC-72 1 MNKPOA03 KOHUYECKNX YIrNepoaHbIX HAaHOTPY6OK.



