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OJIEKTPOUMITYJIbCHOE U3MEJIBYHEHUE SJIACTUYHBIX
MATEPHAIJIOB B CPEJIE )KMJIKOI'O A3OTA

HccnenoBana BO3MOXKHOCTH  HM3MENbUEHHSI DJIACTUYHBIX MaTEpPHAJOB  MMITYJIbCHBIMU
BBICOKOBOJIBTHBIMH DJIEKTPHUECKUMH pa3psilaMH B Cpesie KHUJIKOro a3ora. B kadecTBe MaTepuana
JUTSL N3MEJIBYSHNUS UCTIONIb30BaIach pe3nHa U3HOIIEHHBIX aBTOMOOMIIBHBIX MOKpbIeK. OnpeneneHo
BIIMSIHAE HEKOTOPBIX MapaMeTpoB 3JIEKTPOrHJIPOMMITYJILCHOM CHCTEMBl Ha MONy4YeHHE IOpOIIKa
pe3uHbl pa3mMepoM MeHee 2 MM. OlleHEeHBl OCHOBHBIE DHEPreTHYeCcKHe 3aTpaThl Ha M3MeEJbYeHUe
3JIACTHYHBIX MATEPUAJIOB JAHHBIM CIIOCOOOM.

KuroueBble cjIoBa: DIEKTpUYECKUH paspsisl, BBICOKOBOJBTHBIM pa3psil, 37aCTUYHBINA
MaTepHall, pe3nHa, JKUJAKUN a30T, N3MEIbYCHHE.

Beenenue. Ilpobnema yrunuzanuu W mepepaOOTKH HM3HOIICHHBIX IIHH
UMEET CYIICCTBCHHOE 3KOHOMUYECKOE 3HAUYCHHUE, MOCKOJIbKY MOTPEOHOCTH B
MPUPOJIHBIX pecypcax HENpPEepbIBHO PACTYT, @ HX CTOMMOCTh MOCTOSIHHO
moBEIaeTcs. B cBsi3u ¢ TeM, uto Ha 80% COCTaBJISFOIICH IIVH ABISCTCS HEPTH,
UX TPOMBINUICHHAS YTWIH3AIUA JacT BO3MOXHOCTH COXPAaHUTh HE(TSHBIC
HEBOCITOJIHUMBIE MIPUPOJIHBIE pecypchl, CTUMYJIUPOBATH pasButue
pecypcocOeperarpnux TeXHOIOTUH.

Kpome Toro, Bblmienmme u3 3KCIUTyaTalldd HM3HOIIEHHBIE IIUHBI HE

MOJIBEPTalOTC  OMOJIOTHMYCCKOMY  PA3JIOKCHUIO, TOITOMY OHH  SIBJISFOTCS
HCTOYHUKOM JUIMUTEIBHOIO 3arpsi3HEHUs] OKpyKarolel cpeabl. B pesynbpraTte
XUMHUYECKOr0, TEPMHUYECKOTO U PAJUMALNUOHHOIO pa3pylIeHHs pPe3UHbl B
atMocepy W TPYHTOBBIC BOJBI MOTYT TOMAJATh PAa3IMYHBIC TOKCHYHBIC U
KaHIIEPOTEHHbIE MPOJYKThl, KOTOpPbIE OKa3bIBAIOT KpaHEe HEraTUBHOE
BO3JICHCTBUE Ha OpraHu3M 4yenoBeKka. [IpoucxoauT 3arpsi3sHEHHE HE TOJIBKO
atMocdepbl, HO U BOJHBIX OacceiiHOB, MouB. BMecTe ¢ TeMm, H3HOIICHHEBIE
aBTOMOOWJIBHBIC IIUHBI COJEpkaT B ceOe IICHHOE CHIPhE: KaydyK, MeETalll,
TEKCTUJILHBIA KOPJI.
[MonydeHHass B XojJ¢ TepepaOOTKH pE3WHOBAs KPOIIKA — HE3aMEHUMBIH
MaTepua NP MPOU3BOACTBE JOPOKHBIX OTOOWHHUKOB, HATIONIEHBIX MOKPBITHI
JIIS1 IPOMBILIUIEHHBIX 3/1aHUH, CEbCKOXO3SIMCTBEHHBIX MOCTPOEK, CIOPTUBHBIX
U UTPOBBIX KOMIUIEKCOB. JloOaBieHHas B ac(aibT KpOIIKA IOBBINIACT €ro
HU3HOCOCTOMKOCTh B HECKOJIBKO pas3.
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[TosToMy HEOOXOAMMEI SHEPTOCOEPETAIONINE U IKOJTOTHICCKU Oe30ImacHbIe
TexHonorud [ 1, 2] mo nepepaboTKH pe3NHOTEXHIUYECKUX U3JICITUI B KPOIIIKY.

B Hacrosiiee Bpemsi HaXOJUT MPUMEHEHHE BJIEKTPOrHIPOUMITYSIbCHAS
TEXHOJIOTUS HM3MENbYCHUS MatepuaioB. [Ipu mpoboe KUIAKOCTH, MO CXEMe,
MOKa3aHHON Ha puc. 1, BOKpPYr KaHaia pa3psla BO3HHUKAET 30HA BBICOKOTO
JIaBJICHUs,, JMaMeTp KOTOpPOW MpOIOPLMOHAJIIEH MOIIHOCTA HMIIYJbCA.
JKuakocTh, MOMyYUB YCKOPEHHUE OT PACHIMPSIONICIOCS C OOJIBIIONH CKOPOCTHIO
KaHaja paspsjia, MepeMeliaeTcs OT HEro BO BCE CTOPOHBI, 00pa3ys Ha TOM
MecTe, TAe¢ OBbUT paspsj, 3HAYUTCIBHYIO 10 00BEMY IIOJIOCTh, HAa3BAHHYIO
KaBUTAIIMOHHOM, U BbI3bIBasl MEPBbIM TUApPABINYECKU ynap. 3aTeM MOJIOCTb
TakKe ¢ OOJNBIION CKOPOCTBIO CMBIKACTCS, CO37aBasi BTOPOW KaBUTAIIMOHHBIN

rupaBaudeckui yaap [3].
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Puc. 1 — Dnexrpudeckas cxema JUisl pealli3aliy eKTPOruAPOUMYIbCHOTO yaapa:
OIT — popmupyrommif HCKPOBOI MpoMexyToK, PIT — paboumnii HCKpOBOiT MPOMEXYTOK B
KHUJIKOCTH

JpobneHue pe3suHBI ANIEKTPOTHIPOUMITYIBCHBIM CIIOCOOOM B OOBIYHOU
BOJIC HE MPOUCXOMUT [1] B BUIY €€ IUIACTUYHOCTH. [103TOMY I MPUIAHUS
XpYNKOCTH pe3WHEe, B KAa4yecTBE IKUJKOCTH B JAHHOW TEXHOJOTUU
HCIOJIb30BAJICS JKUJKUN a30T.

PesynbraTel ucciaenoBanmii. J[poOieHue 3MaCTUYHBIX MaTepPHAJOB MpPU
HU3KOW TeMIepaType MPOUCXOIIIIO B pa3psIHON TEIION30JIMPOBAHHOMN KaMmepe
o0beMoM 2,1 nuTpa, u3o0paxeHHoW Ha puc. 2. Ha ocu kaMmepsl pacmoliokeH
AIEKTPOJ 1, BTOPBIM JICKTPOIOM SIBIIIECTCS THO KaMephl. B ciryuae moHMWKeHUS
JABJICHUS HaJ TMOBEPXHOCTBIO KHUIKOCTH K TATPYOKy S TNPUCOCTUHSIICST
BOJIOKOJIBIICBOM BaKyyMHBIH Hacoc. B kamepy momenianach pe3wHa pa3MepoM
10-25 mm. CBOOOZHOE TPOCTPAHCTBO KaMephl 3alONHUIOCH Ha 2/3 SKHIKUM
azoroM. [locme wyero mnpou3BOAMICS pa3psd KOHAEHcaTopa Ha pabouuid
MIPOMEKYTOK B JKUIKOCTH.

OcumiutorpaMMa TokKa MPOXOJSIIIEro yepe3 paboumii 3a30p MpeAcTaBlieHa
Ha puc. 3. Tok uMeeT 3aTyxaroUmi KojaeOaTelIbHBIH XapakTep ¢ aMIUIUTYION
16 kA, mepuomom 15 mkc. [lapaMeTpbl 3JEKTPUYECKOW UENH CIEAYIOIINE:
poOMBHOE HaNpshKeHUe 24 KB, 3amacaeMast 3HepPrus KOHJICHCATOPHO! OaTapen
576 I, WHAYKTUBHOCTb pa3psaHod unenu 2,9 Mx['H, coONpoOTUBIEHUE
paspsannoit uenu 0,1-0,2 Om.
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Ha puc. 5 NpeaAcCTaBjicHa 3aBUCUMOCTL BbIXO/Jld NPOAYKTa OT KOJINYECTBaA

3IIEKTPOrHJPOUMITYIILCHOTO JIPOOJICHHS B )KUAKOM a30Te. Pa3Mepsl pe3nHOBOI
KPOIIKY HAXOMUIIUCh B Tpeeax OT €AUHUIL MUKPOH, 10 2 MM.

. HMMITYNbCOB MPH Pa3IMYHOM MEXAIEKTPOTHOM PACCTOSHUU OT 5 10 23 MM.
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Puc. 2 — KoHcTpyKIus pa3pstHOil KaMephl UTS JIEKTPOT HIAPOUMITYIECHOTO = e Zd Bl 1;2 W
M3MEJTBUYCHHUS B KHJIKOM a30Te: 1 - anekTpon, 2 - kamepa, 3 - KUIKUi a30T, 4 - 20 = 75 mm| —*— 20,3 mm
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® f Puc. 5 — 3aBrcHMOCTE BBIXO/1a TIPOYKTa OT KOJMYECTBA UMITYJTBCOB, TTPU
” J N Pa3IMYHOM MEXDIEKTPOIAHOM PACCTOSTHUU
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= L \\/ /M YTO YBEJIMYEHUE MEXKDIEKTPOJHOIO PACCTOSHUA C 5 70 23 MM, NPUBOAUT K
s L pOCTy BBIXOJa HM3MENbUEHHOW J0 2 MM pE3WHOBOM Kpomkd B 3.5 paza.
2 \v/ MakcumanbpHbIi  BBIXOA HM3MEJIBYEHHOTO MaTepuana HaOlojajics IpH
6 MEX3JIEKTPOIHOM paccTosiHUU 23 MM U coctaBun 51,2 1, mocne 25 UMITyIbCOB.
0 10 20 30 40 50 60 70 8 90 100 110 12C 22
t, mkc 2,0 = fa
Puc. 3 — OcummiorpaMMa HMITyIIECa TOKA Yepe3 paspsAHBIH IPOMEXYTOK B £18 -
JKUAJIKOM a30Te 218 Cw
§ 14
5 1,2 -
Ha puc.4 npeacraBieHo (¢GoOTO  PE3MHOBOW  KPOIIKH  ITOCIE E 10
fosl L
£

0,6 1

04

4 6 8 10 12 14 16 18 20 22 24

Me3KIneKTPOIHOE PACCTOAHHE, MM
Puc.6 — 3aBrcuMoCTh MPOU3BOJUTECIBHOCTH pe3I/IHOB0ﬁ KPOLIKH OT
MEKIJICKTPOAHOTO PACCTOSAHUS
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Puc.4 — ®ororpadus ¢ USB Muxpockomna pe3nHOBOI KpPOIIKH TOCIe Komicerso mnyacon, i

00paboTKu Puc. 7 — 3aBHCHMOCTE COmEpIKaHUsI JaCTHI] C pa3MEpOM MEHBIINM 2 MM B
TIPOIIEHTAaX OT KOJIMYECTBA HMITYJIbCOB
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Ha puc. 6 npencraBieHa 3aBHCUMOCTh IPOU3BOJUTENEHOCTH PE3NHOBON
KPOILIKM OT MEX3JIEKTPOIHOTO paccTossHUA. Ha MeX3JIeKTpOIHOM pacCTOSTHUH
or 5 go 23 MM HaOmomaercss IOJOXKHUTENbHAas MPOWU3BOJIHAs —poCTa
MIPOM3BOJIUTENEHOCTH. MaKcHMaibHasl IPOU3BOIUTENBGHOCTh MMOJTydYeHa Ha
MEX3JICKTPOIHOM PACCTOSTHUM 23 MM, U cocTaBmia 2,05 r/umm.

Ha puc. 7 nokasan rpaduk 3aBUCUMOCTH COJEp)KaHHs YaCTHII C Pa3MEPOM
MEHBIIUM 2 MM B TPOIEHTaX OT KOJUYECTBA MMITYJIbCOB. MEKAIEKTPOAHOE
paccTosiHAe B AaHHOM cilydae cocTaBmwio 6 u 16,5 MM, npH 3arpy3Ke pe3uHBI
250 m 500r coorBercTBeHHO. B 000MX ciy4asx HaOIromancs JUHEHHBINA
XapakTep poCTa COJIEpXaHWsl 4YacTHUIl C pa3MepoM MeHbIuM 2 MM. [lpu
obpaborke 210 wummynbcamMu wu3Menbuaercs nopsaka 70% Kpomke 110
HEoOX0ANMOro pa3mepa.

Ha puc. 8 npezacraBnena auarpaMma pacrpeieieHuss pe3HHOBOH KPOIIKK
mo ¢pakmusm mocine 25, 50, 75 u 100 ummynbecoB. O6padateBaiock 500 rp
PE3MHBI, MPU MEXIIEKTPOAHOM paccTossHuu 16.5 mM. W3 auarpammbl BUIIHO,
YTO TOCIIE KaXIOH CepUU MMITYJIbCOB HAOJ0/IAeTCs TIOCTENIEHHOE YBEIHYEeHUE
KonMyectBa Matepuana Oomee Menkux (paxuumit. [locne 100 ummynscoB
KOJINYECTBO PE3UHOBOMN KPOIIKH C pa3MepoM MeHee 2 MM cocTaBisgeT 35%.
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Puc. 8 — Jlmarpamma pacrpesenieHus pe3NHOBOH KPOIIKH 110 (pakIysM mocie 25,
50, 75 u 100 umirynbcoB

B pesynbraTe npoBEAEHHBIX HCCIENOBAHUM 3JIEKTPOTHAPOUMITYIIHCHOIO
M3MENIbYEHHs]  DJIACTUYHBIX ~ MaTepUalioB B Cpele  JKUIKOro  a3oTa
CIIPOEKTUPOBAHA TEXHOJIOTUYECKAsh JIMHUSL M OINpEAENEHbl €€ OCHOBHBIE
TEXHUKO-YKOHOMHUYECKHUE ITOKA3aTENIN, KOTOPHIC MPEICTABIICHBI B Ta0uUIEe 1.

Tabmuia — TeXHUKO-D)KOHOMUYECKHE OKA3aTEIN

[Tpon3BOANTENHHOCTD, KT/9ac 50

Y nenpHAs MPOU3BOUTEINBHOCTD, T/HMIT 2,1

Pa3mep pe3nHOBOM KPOIIKU, MM 0,2-2

Pacxop KuIKoro azora, JI/Kr 2.8

DHepros3arpars! IEKTPOrHIPONMITYIILC, KBT-4ac 6

Uacrora cieJoBaHHs dIICKTPHUSCKUX pa3psios, 11 7
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W3 nurepaTypHbIX TAHHBIX U3BECTHO, YTO Ha MPOM3BOACTBO 1 KI' KHUAKOTO
aszota Tpedyercs 3arpatuth 0,44 kBryac[4].

BuiBoapl.  Pa3pabGorana  TexHONOrmdeckas — cxeMa — M3MENbUYCHUS
3JACTUYHBIX MAaTEPHaJIOB AJIEKTPOTUAPOUMIYILCHBIM BO3JEHCTBUEM B Cpefie
skuakoro  azora.  OmpeneneHo  BAMSIHUE  HEKOTOPBIX — MapaMeTpoB
SJIEKTPOTUJPOUMITYILCHOM CHUCTEMbl Ha TMOJY4YE€HHE TMOpOIIKA PE3HHBI
pasmepoM MeHee 2 MM. MakcumalibHas MPOU3BOAUTEILHOCTh IMOJNY4YeHa Ha
MEXD3JICKTPOIHOM MpPOMEeKyTke 23 MM U cocraBwia 2,1 r/umi  OrieHeHBI
OCHOBHBIE SHEPreTHUECKHE 3aTpaThl HA U3MEIbUEHUE AIMACTUYHBIX MAaTEPHAIIOB
JTAHHBIM CITOCOOOM.
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JlocmipkeHa ~ MOMUIMBICT — NOApIOHEHHS — €JaCTHYHUX  MaTepialiB  iMITyJIbCHUMH
BUCOKOBOJBTHUMH EIEKTPHYHHMH PO3pPSaMU B CEPENOBUINI pifkoro asory. Sk Marepian st
NOAPiOHEHHST BUKOPUCTOBYBAJIACS I'yMa 3HOLICHHX aBTOMOOIIBHUX IMOKPUIIOK. By3HaueHuit Bims
JIeSIKUX IapaMeTpiB eIeKTPOrifpOiMITyIbCHOI CHCTEMH Ha 3J00YTTS MOPOLIKY T'YMH PO3MIpOM
MmeHme 2 MM. OuiHeHi OCHOBHI €HepreTHYHI BHTPAaTH Ha IOAPIOHEHHS eNacTHYHHX MarepialiB
JIAaHUM CIIOCOOOM.

KoiouoBi ciioBa: enexkTpuuHHIl po3psi), BUCOKOBOJBTHHH pO3psiM, €IaCTUYHMII Matepial,
ryma, piJIKHii a30T, OpiOHEHHSI.

Elastic materials crushing possibility by pulsed high- voltage electrical discharges in the
liquid nitrogen medium has been investigated. Life-expired automobile tires rubber have been used
as a material for crushing. Electrohydropulsed system parameters that are affected on rubber powder
of less than 2 mm size obtainment have been determined. The basic energy expenses for crushing of
elastic materials by proposed method have been estimated.

Keywords: clectrical discharge, high-voltage discharge, elastic material, rubber, liquid
nitrogen, attrition
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