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B crarbe npey1okKeH HOBBII TEXHOJIOTMYECKUH MpoLiecC Ul pa3[esIeHUss KOMIIOHEHTOB IIPU yTHIIN-
3alMM [I€YaTHBIX ILIAT U, BO3MOXKHO, IPYTUMX OTXOJ0B 3JIEKTPOHHOI'O IIPOU3BOACTBA.
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BBEJIEHHUE

CoBpEeMEHHBIC OTPACIH ICKTPOHHON U KOMIIbIO-
TEPHOU TEXHHWKH TMEPEKHUBAIOT OYypHOE pPa3BHUTHE,
©XKETOJIHO TOSBIISIOTCS HOBBIC BUABI M MOJEIH
000opyI0BaHus, a yCTapeBIlasi TEXHUKA HYXKIAETCS B
nepepadoTKe U yTHUIIN3AIHH.

ITo mamubM cratmcTuku [1, 2], xaxmelii rom B
mupe HakarwmBaeTcs oT 30 mo 50 MITH T TEXHOIIOTH-
yeckoro jioma. OpHUEHTUPOBOYHO OKOJIO 3% B HEM
COCTaBIISIET DIICKTPOHHBIN JIOM — TICYaTHbIC IUIATHI,
HE NPUTOJHBIE K JalbHEUIIEMy IPUMEHEHUI0. [l
UX 3aXOPOHEHHS WM YHHUYTOXKCHHUS HYXHbBI 3HAYH-
TeNbHBIE CcpeacTBa. Kpome TOro, 95KOJIOTHUECKUE
poOJIEMBI, CBSI3aHHBIC C TIEPepadOTKONW ATOTO BHIA
OTXOJ/IOB DJIEKTPOHHOM MPOMBIIICHHOCTH, BBI3bIBA-
0T Bce OONBIIYI0 OOECHOKOCHHOCTh BO MHOTHX
crpanax mupa [3, 4]. [IpuHuMas Bo BHHMaHHE, YTO
3TO BTOPHYHOE CHIPbE COICPKHT IIBETHBIC, JIparo-
[IEHHbIE U PEIKO3EMETbHBIC METAJUIBI, YTHIN3AIHS
MEYaTHBIX TUIAT SBJSETCS Haubolee ONTHUMATbHBIM
BBIXOJIOM.

Pa3HooOpa3Hble COBPEMEHHBIC TEXHOJOTHH yTH-
JIU3AIMN B Pa3BUTHIX CTPaHAaX SBISIFOTCS BBICOKOpE-
HTaOeNbHBIMU OJarojiapsi 3HAYUTEITHLHOMY KOJIMYeC-
TBY IBETHBIX U JPAroleHHBIX METAJIOB, KOTOPHIC
BBICBOOOIXK/IAIOTCS TIPH TIepepabOTKe MEeYaTHBIX TIaT
[5, 6].

[TeyaTHble TUIATBI W JAPYTHE OTXOJbI DJIEKTPO-
HUKH OTJIMYAIOTCS CII0KHBIM MHOTOKOMITOHCHTHBIM
COCTaBOM U UMEIOT OTJIHYMS B IUIOTHOCTHU, DIIEKTPO-
MPOBOJIMMOCTH U MarHUTHBIX CBOMCTBax. B cocram
MEYATHBIX TUIAT BXOMAT: CTEKJIOMOJIMMED B O00beMe
o 70%, no 16% menu, mpunoii B pazmepe 1o 4% u
xene3o o 3%. Taxke B X COCTaB BXOJST B 3HAYH-
TENBHO MEHBIIEM KOJIMYECTBE HHUKENb, cepedpo,
30510TO, nayutaauii [3, 7].

YTunuzanus Te4YaTHBIX IUIaT C  BBIACTICHUEM
MaKCUMAJIbHOTO KOJIMYECTBA IIOJIC3HBIX BEIIECTB
MPENICTABISACT ONPEACICHHYI0 CIOXKHOCTh. Jlist
nepepaboTKH  JJIEKTPOHHOTO JIOMa HEOOXOMMBI
CHeNHAIbHOE MPOMBIIICHHOE 000pyJIOBaHHEe H
OCBOCHHAsI TEXHOJIOTHSL.

B o0beMe TexHonoruu nepepaboTKU 3IIEKTPOH-
HOTO JIOMa HanOoJee CIOXKHBIM CUHTAETCS MPOIECC
pasfeleHus] METAUIMYSCKUX M IUIACTMAacCOBBIX
KoMrnoHeHToB [8, 9]. MexaHnuueckue CrocoOb
00pabOTKH, KOTOpBIE TPAAWIIMOHHO HCIIOJB3YIOTCS,
HEe MOryT obecreduTh d(H(PEKTUBHOTO pasmereHus,
YTO SBJIAETCS TJAaBHOM HPUYMHOW HAKOIUICHUS
orxozos [10, 11].

[lepepaboTka 37EKTPOHHOTO JIOMa C HCIIOJIB30-
BaHUEM 3JICKTPOPA3PSAIHBIX MPOILECCOB, C TOYKHU
3peHHUs] UMEIOUINXCSA HapaOOTOK IO JE3WHTErpaluu
HEMETAJUIMYECKUX MAaTepUaIOB E€CTECTBEHHOTO U
HCKYCCTBEHHOTO MPOUCXOXKaeHus [12], MOKeT OBITH
1[eIeco00pa3sHOl Kak ¢ HSKOHOMHUYECKOW TOYKHU
3peHHs, TaK U C TOYKH 3PEHHS OXPaHBl OKpYKaro-
men cpesbl.

Ilenp pabOTBI — YCTAaHOBUThH HPUTOJHOCThH IPHU-
MEHEHUSI AJIEKTPOPA3PSATHON TEXHOIOTHU B TPOIIEC-
caxX yTHIIU3aI[MH OTXO/I0B MeUaTHBIX IIIaT.

MeTon OOCTHIXKEHHS IIOCTaBICHHOW 1€ —
AKCIIEPUMEHTAIILHBIC HMCCIICIOBAaHMS C HCIIOJIb30Ba-
HUEM CTaTHUCTHYECKOW 0OpabOTKH pe3ylbTaToB, MX
aHaym3 1 0000IIeH e,

METOJJUKA 2KCIITEPUMEHTOB

DNeKTpopa3psHOE pa3pyIICHUE MEYaTHBIX ILIAT
C LIENIBIO OTICICHUS METAJTMYECKUX KOMIIOHEHTOB
OT IUTACTMACCOBOM OCHOBBI OTHOCHTCSI K MHOTO(aK-
TOPHOMY COTJIACOBAaHHOMY JKCIICPHMEHTY, TaK Kak
napaMeTphbl AIIEKTpOpaspsaa Mo-pasHOMY H JI0CTa-
TOYHO CYIIECTBEHHO BIIUSIOT HA Ka4eCTBO MpOLEC-
COB pa3/IeieHuUsI.

Ha puc. 1 mpencraBinena cxema KuOepHETHYIE-
CKOW CHCTEMBI C TaK Ha3bIBAEMbIM «YCPHBIM SIIH-
KOMY, IJIe OT X1 JI0 Xg — TApaMeTPbI AIIEKTPOpa3psa,
a OOBEKT HCCIIENOBAaHMS — HM3ICIHS SJICKTPOHHON
HPOMBIIIICHHOCTH (OJHOCTOPOHHUE M JBYCTOPOH-
HHE TMICYaTHBIC IUIATBI C TETHHAKCOBOH OCHOBOM
ceyenueM O < 0,5 mm) (puc. 2); y — BBIXOJHOMW mapa-
METp ONTHUMHU3AINH, XapaKTEPU3YIOUIUHCS OTHOCH-
TENBHOW MAaccoil OTHEJCHHBIX KOMIIOHEHTOB OT
OCHOBBI.

© Pusyn A.P., lenuciok T.J1., [lomepirkosa A.O., DiexTpoHHas o0paboTka matepuanos, 2017, 53(2), 110-114.
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Puc. 1. Cxema uccrenoBanuii MHOTO(QAKTOPHOTO SKCIIEPUMEHTA: X; — 3allaceHHast SHEpTHs paspsna, kJK; X, — 4acToTa clie0BaHUs
pa3psinoB, I'I; X3 — BeIMUMHA Pa3psIHOTO MPOMEXKYTKA, M; X4 — BpeMst 00paboTKH, C; X5 — HHIYKTHBHOCTb Pa3psIHOTO KOHTYpa,
MKI'H; Xxg— yZiesIbHOE CONPOTUBIICHUE pa3psaaHOil cpeabl, OM-CM; Y — OTHOCUTENIbHAsI Macca OT/AEIEHHbIX KOMIIOHEHTOB.

(©)

Puc. 2. O6pasiisl neyaTHbIX wiaT. (a) — OAHOCTOPOHHHUE TIeUaTHbIE IaThl; (6) — IBYCTOPOHHHE MIEYATHBIE TLIATHI.

Taﬁ.]'ll/llla 1.P €3YJIbTaThl paCUCTOB aMIUIMTY bl IaBJICHUS BOJIH CKaTHUA

r,m
c10® 001 | 005 | o009 [ o1 [ o052 [ 015 [ 020 [ 022
P10° a
1,0 139,654 | 62,455 46,01 44,162 40,314 36,058 24,518 13,01
15 154551 | 69,117 51,517 48,872 44,615 39,905 25,113 15,02
2,0 166,076 | 74,274 55,359 52,518 47,942 42,881 28,512 18,07
2,5 175,604 | 78,533 58,535 55,531 50,699 45,341 32,266 22,05
4,0 196,7 76,5 76,51 69,4 60,71 54,61 44311 24,04

‘.-I a " i"'_p’ﬁ"-’«‘ L e 6

Puc. 3. DiexrpopaspsiiHas ycraHoBka. (a) — texHonormdeckuii ysen (1 — 3arpy3odHsiil JHOK; 2 — SJICKTPOAHAs CHCTEMA);
(6) — BHICOKOBOJIBTHBIN I€HEPATOP MMITYJILCHBIX TOKOB.
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Tabauua 2. [TapameTpsl 2J1eKTPOpa3psAHON YCTaHOBKU

HaumenoBaHue napaMeTpon Jlnamna3oH 3HaueHui
Hanpsoxerne B paspsigaoM koatype U, kB 50
Juanazon sHeprun Hakomutenei W, kJx or 1,25 10 5,0
Yacrora criemoBanmnii uMmyscos f, ' orlmo4d
WupykrusHocTs L, I'H 6,0-10'6
OGbeM paspsanoi kamepsl (¢ pamrycom 0,2 m), 11 20,0
Macca 3arpy3KH IMe4aTHBIX IJIaT, KT 0,5
Perynupyemplii pa3psIHbIi TPOMEKYTOK |, M ot 0,03 o 0,07

Tabauua 3. YpoBHH U HHTEPBaJIbl BAPbUPOBAHUS AUANIA30HOM 3HAUEHHI TapaMeTPOB JIEKTPOPa3psAHON YCTAHOBKU

HanmMeHoBaHue ypoBHe X1, KJIx Xo, I'Iy X3, M Xa, C Xs, MK['H | X5, OM-CcM
OcHoBHO#t (0) 2,5 2,0 0,05 30,0 6,0 1500,0
Bepxuuii (B) 5,0 40 0,07 450 6,0 1500,0
Hwkuuid (1) 1,25 1,0 0,03 15,0 6,0 1500,0
WuTepBa BappbUPOBaHUS 1,25 1,0 0,02 15,0 6,0 1500,0

Tab6auua 4. Pe3ynpTaThl SKCIIEPUMEHTATBHBIX HCCICIOBAHNN ONTHMHU3AIIUH [TapaMeTpa )
No [TapameTpsl 351eKTpOopaspsaa OTHOCHUTENBHBIH
ombITa | Xq, KJIk Xo, I'1y X3, M X4, C Xs, X6, IOKa3aTesb

MK['H OM-cMm napameTtpa y, %

1 (8) (n) (8) 80,0

2 (0) (0) (0) (w) 81,0

3 (n) (B) (n) 84,0

4 (8) (n) (8) 90,0

5 (0) (0) (0) (0) (0) (0) 91,0

6 (n) (B) (n) 92,0

7 (8) (n) (8) 93,0

8 (0) (0) (0) () 94,0

9 (n) (B) (n) 93,0

T T T T T T T
° 100 =
90 -\-\\ .
80 .
70 L L 1 L L L L
0 5 10 15 20 25 30 35 40
d, MM

Puc. 5. 3aBucumocTh mapameTpa y oT (hpakiMOHHOTO COCTaBa
JIpOOIICHUS.

[TapameTpsl 271eKTPOPa3psIHON yCTAaHOBKH yCTa-
HaBIIMBAINCH PACUCTHBIM ITyTeM. OCHOBHBIM CHIIO-
BbIM (hakTopoM, obecrieunBaromuM 3G HeKTHBHOCTD
ANIEKTPOpa3psa, SBISETCS IaBICHUE BOJH CXKATHAL.
JInst  paspynieHus NMeYaTHBIX IDIAaT, B OCHOBE KOTO-
PBIX HCIIONB3YIOTCS METAIIMYECKHe COSIWHEHNS,
MIPUIION, SJIEKTPOHHBIE M3MENHUs, a TaKKe TeTHHAKC,

IOO T T T I T T T I
= 90 ‘/ ]
& B A
80 1 1 1 1 1 1 1 1
40 60 80 100 120
W, ., kBT u/T

e
Puc. 6. 3aBucuMocCTh mapaMeTpa y OT yIeNnbHBIX 3aTpaT SHep-
THH DIIEKTPOPa3psAL0B.

TEKCTOJIMT, CTEKIOTEKCTOJIUT C MPEAEIOM MPOYHO-
ctu Ha cxarue Oosiee 200 MIla, tpebyercs naBie-
HHE B HMITYJIbCE, MPEBBIMIAIONIEE WX MPOYHOCTb.
Ces3b  JaBJEHHMS BOJIH CKaThs C HapaMeTpaMu
DIIEKTpopaspsaa ycraHoBiaeHa B pabore [13]. s
30HBI UIMHApHYecKoi cummetpui (I <2,5 1,,), uto
HUMEET MECTO B YCTAHOBKAX MO Pa3pyLICHHIO HEMe-
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TAJNIMYCCKUX MATCpUATIOB, aMINIMTYIHBIC 3HAYCHUA
BOJIH CXKaTHsI ONIPEACIISAIOTCS BBIPAXKCHUEM

U 5/4cll4
_ >0
- r1/2 L3/8|5/8 ! (1)
pn

rae ¢ — paauanbHas KOOpAWHATA, ONpPEIessIomias
paccrosiHie 00beKTa BO3JICHCTBHS 0 OCH KaHaja
paspsga, M; Uy — HampsokeHHE —paspsiIHOTO
koHTypa, B; C — emkocTs HakomuTenew, MKD;
L — unnyxrusHocTs, MKI'H; |, — mMHa paspsaHoro
MPOMEIKYTKA, M.

Beens koaddumment nponopunonaibaoct (K),
XapaKTEePU3YIOIIMI TPEBBINMICHHE JABICHHUS BOJH
CXKATHS HAJl MPENENIOM NPOYHOCTH (G,,) paspyluae-
MOT0 MaTtepuasa, MOXHO 3aliCaTh PaBEHCTBO:

5/4~1/4
Y, € =ko 2)

1/2 3/815/8 np !
[t B e

T1€ G,, MOXET ObITh IPEIEIOM HPOYHOCTH MATEPH-
alla Ha C)KaTHe, PACTSHKCHWE, CJBWT, CKaJIbIBaHUE,
u3rud u ap.

Bce mepeuncneHHble peaensl IPOYHOCTH XPYII-
KX MaTEpPHAJIOB B3aHMOCBS3aHBI C MPEIETIOM IIPOY-
HOCTH Ha C)KaTue, cornacHo Teopuu Mopa [14]:

Gc&eug: (5_10)% Gc.wc;
Ouse. = (7_15)% GCOIC;

Gcmu = O’ 5\[ GCI)ICGpth )

[Ipu nmesuHTErpanu MaTepUANOB B 30HE IOJICH
JaBICHUH,  TCHEPUPYEMBIX  BJICKTPOPa3pPAIOM,
UMEIOT MECTO BCe BUIBI AedopManuii. 3a mpeaena-
MH DTHX TOJIeH B TaKk Ha3bIBAEMBIX «MEPTBBIX»
30HaX OOBEKT HE HUCIBITBIBAECT JOCTATOYHOIO JIs
pa3pylLIeHHs BO3IEHCTBUS.

B Tabn. 1 mpeacraBieHbl pe3ylbTaThl pacueTOB
noJjicil JaBJIGHWS BOJH CXaTWs, TEHEPUPYEMBIX
3NEKTpOpaspsiiaMu, P 00pabOTKe MEYaTHBIX TUIAT
B MX aKTHBHOW 30HE B 3aBHCUMOCTH OT EMKOCTH
makorutenst  (C) ®  pacCTosHWS 70 KaHaja
paspsna (I).

Comnocrapiisisi MPOYHOCTh TICUATHBIX IJIAT U MakK-
CHMAJIbHOE JABJICHUE BOJIH CXKATHS B Mpenenax Ka-
HaJla pa3psjia, pa3Mep pajuyca peakropa orpaHHYCH
B npeaenax 0,2 M, a UHTEpBaNd BETHMYUHBI EMKOCTH
HAKOMUTEJeH ISl UCCIEMOBAHUI C YUeTOM MPOYHO-
ctr miat cocrasiser 1:10° @ < C<4.10° .

Ha puc. 3 npencrapnena cobpanHas IIsl dKcIie-
PUMEHTOB 3JIEKTPOpa3psiHasl yCTaHOBKA.

B Tabn. 2 npencraBieHbl OCHOBHBIE MapaMeTPhI
3NIEKTPOPA3PSAHON YCTAHOBKH JUISL  pa3pylLICHHS
MEYATHBIX TIIAT.

OnBITHL IO ONITUMH3AIUY TTApaMETPa ) IPOBOJIU-
JUCh B PEXHMME BapbUPOBAHHWS JUAINA30HOB 3HAYe-
HUW NapaMeTpPOB AIIEKTPOPA3PSIAHON YCTAaHOBKU B
WHTepBajax, H3JI0KEeHHBIX B Ta0II. 3.

OntuMusaiys napamerpa y Jis KaKIO0ro OmbITa
MMPpOU3BOAWJIACh ITYTEM B3BCHIMBAHUA MACCHI 3arpy-
JKEHHBIX OJHOTHUITHBIX IJIAT U BBITPYKEHHBIX MOCIIC
00paboTKH, ¢ (UKCHPOBAHHUEM OTHOCHTEIHLHOMN
MacCChl OTACJINUBIINXCS KOMIIOHCHTOB.

B Ta6in. 4 npeacTaBieHbl pe3yabTaThl ONTUMU3A-
UM TIapamMeTpa y.

OBPABOTKA PE3YJIbTATOB
OKCITEPUMEHTOB

[TonydeHHslit B pe3yibTaTe ONBITOB CTaTUCTUYE-
CKMIl MaTepwaid JaeT BO3MOXKHOCTb YCTAaHOBUTH
CTETICHb BJIMSIHUA TapaMeTpoB JJIEKTpopaspsia Ha
napaMerp y.

Awnanu3 pe3ynbTatoB (Tabin. 4) mokaspiBaeT, 4To
JUIL  pa3felieHus KOMIIOHEHTOB TIeYaTHBIX IIaT
ONTHMAJbHBIM BapHaHTOM SIBJSIETCS 3allaceHHas
sHeprust ekTpopaspsaaa W = 2,5 x/Ix. Veenuuenue
suepruu (W) B 1Ba pasa, 1o 5,0 xJIx, obecreunBaer
yBeNnnUYeHne mapamerpa y He Oonee yem Ha 5%. llpun
9TOM, KaK TOKa3alli SKCIEPUMEHTHI, CTETIeHb OT/Ie-
JICHUs KOMITOHEHTOB 3aBHCUT OT pa3MepOB YaCTHII
IpoOJIeHus meyaTHbIX TUIaT.

Ha puc. 4 mokaszanpl 00pa3mpl MeYaTHBIX IHIAT 10
1 TI0CJIC AJIEKTPOPa3psIIHON 00pabOTKH.

Ha puc. 5 moka3ana 3aBUCHUMOCTb MapaMmeTpa )
OT (PaKIMOHHOTO CcOCTaBa ApPOOJIeHHS OO0pas3IoB
MEYaTHBIX TIIAT.

Ha puc. 6 mnpeacraBieHa 5SKCIIEPUMEHTAIBHO
YCTaHOBJIGHHAasT 3aBHCHMOCTh TapaMerpa y OT
VIOENBHBIX 3aTpaT dHepruwm. HamOosee 1enecoo0-
pasHas ONTHMHU3ALUS MpoIiecca pa3ieieHUus] KOMIIO-
HEHTOB MEYaTHBIX IUIAT BO3MOXKHA NPH YyIEIbHBIX
3atpatax sHepruu 85 kBT-u/T.

3AKIIIOYEHUE

Takum 00pa3oM, 3IEKTPOPA3PATHYIO TEXHOJO-
THUI0 MOYKHO HCITOJIB30BaTh IS YTHIU3AINH TIedat-
HBIX IUIAT JIFOOOT0 THUIIA C IIJJACTMAcCOBOI OCHOBOI
ToNMHO# He Gosee 0,5 MM.

B omnnmume OT ApyrMX MEXaHU3MOB 3JIEKTPO-
pas3psi o0ecrieurnBaeT pasielieHUe KOMIIOHEHTOB 0e3
HCITOJIB30BaHUS XUMHUYICCKUX PEareHToB ¢ coOIoIe-
HHUECM BCECX HOpM 3KOJIOTHUH.

Jig yTHIIM3anuu TUiaT ¢ IIacTMAacCOBOW OCHO-
Bo# TommuHOM Oosree 0,5 MM TpeOyroTCs MOTIOIHU-
TENbHBIE HCCIIETOBAHMS.
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Summary

This paper proposes a new process for the separation
of components in the disposal of waste printed circuit
boards and possibly other electronic waste production.

Keywords: electric discharge, printed circuit boards,
electrode system, disposal.



