BEKTOP Bbicokux TexHonorum Ne5 (50) 2020

TEXHOJIOIN'NU

YMNPABJIEHUE

NMPOLECCOM

TPABJIEHUA
NMPOBOAHUKOB

MEYATHDbIX NMJIAT
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TpaBneHune Megu ons GoOpPMUPOBAHUA PUCYHKA
NPOBOAHMKOB AABNSIETCA OAHOMN N3 OCHOBHbIX ornepaunmn
B MPpOU3BOACTBE NeyaTHbIX naT. [ToTOMy OHMU

M «neyaTHble», YTO NpoLuecc TpaB/IeHUs - 3aBepLuatoLLas
onepauusa cbotonmTorpacdunyeckoro npouecca
chopMMpoBaHNSA PUCYHKA NEeYATHOMN CXEMDI.
YxxecTouawLymecs TpedoBaHus K Npeun3noHHOCTU
PUCYHKA CXEM C YMEHbLLUEHNEM LUMPUHBbI NPOBOAHUKOB

M 3a30poB A0 25...50 MKM' 06ycniaBnmMBaloT aKTyasIbHOCTb
NMOMNbITOK COBEPLUEHCTBOBAHUA TEXHOJIOIMN TPaBNEHUS.
B cTaTtbe npeacraBsieHa TEXHOIOrMA BOCNpousBeaeHus
NpPeun3noHHOro PUCYHKa NPOBOAHNKOB NeyaTHbIX

nJaT ¢ NPUMMEeHEeHUeM CUCTEMbI YNpaBJiIeHUSs

COCTaBOM MeAHOAMMMAYHOIro TPaBUJIbHOIO pacTBopa

M o6opynoBaHUA C PPOHTANIbHbIM HANOPOM CTPYU
pacTBOpa M BaKyyMHbIM OTCOCOM J1Y>XK pacTBoOpa.

' TOCT P 53429-2009. MnaTbl neyaTHble. OCHOBHbIE NapaMeTpbl KOHCTPYKLUUMU



Pe3ucTt

Megb

OcHoBaHue

Hauano npouecca TpaBneHusa

JLnis1 yrpaBJieHus1 IPOLIECCOM JIMHUS TPABJIEHUS CONEPXKUT
6JI0K IIepMaHEHTHOI'0 SKCTPaKLMOHHOT'O N3BJIeUeHHs U30bIT-
Ka MeJiY U3 TPaBUJIBHOI'O PacTBOpPa, YTOOK! IOAAEeP>KHUBATh
€ro COCTaB Ha I'PaHHULIE «TPaBJIeHUE/ OTCYTCTBHE TPABJIEHUSI»
(«Ha rpanu ¢ponar). PpoHTANBHBIN HAMIOP CTPYH B COUETAHUU
C IPaHUYHBIMHU YCJIOBUSIMH TPABJIEHNS CO3AA0T YCJIOBUS
PacTBOpeHMsI MeTaJlla TOJIBKO Ha JTHE 3a30pa MEXIY IIpo-
BOJIHHUKaMU. B 3ToM cityuae 60KOBbIe CTEHKH 3a30pa MOYTH
He IIO[IBEPraloTCsl paCTBOPEHUIO, UTO 0OeCTIeunBaeT MUHU-
MaJIbHBIH 60KOBOM NMOJATPaB MPOBOAHUKOB CXEMBI ITPU OT-
HOCHUTEJIBHO OOJIBIION TOJIIIMHE BRITPABIMBAEMOrO METAJLIA
(meny dosbru v rasbBaHuKY). KpoMme ycioBuit rosyyeHus
TIPELIM3HOHHOr0 PHUCYHKA [TPOBOJHUKOB MEYATHOMN CXEMBI
TpeZjiaraeMast TEXHOJIOTHSI CO3aeT YCJIOBUS [JIs1 CHEDKEHMUST
9KOJIOTMYECKOH Harpy3KHu Ha COOPY>KEHUs OUKMCTKU IIPOMBbIILI-
JIEHHBIX CTOKOB BOZ,.

B npousBozCTBE MeYaTHBIX IIJIAT [IEPENPOOOBAHO MHOTO
COCTaBOB TPABUJIbHBIX PACTBOPOB B COUETAHUH C PE3UCTAMH,
CO3IaroIIMMU H30UPaTENbHOCTh PACTBOPEHUS MeTaIoB? 3,
Bce oHM OCHOBaHbI Ha OKHCJIEHUH BbITPABJIMBAEMbIX Me-
TaJIJIOB U NOCJIEAYIOLIEM PAaCTBOPEHUH UX OKUCJIOB. Ecyn B
KaueCTBe TPAaBSALIUX PACTBOPOB HUCIIOJIb3YIOTCS BELLIECTBA
C IepEMEHHOM BaJIEHTHOCTBIO, KaK HATIPUMED, MEAb WU
XeJie30, nepcysbdaThl NPOLIECC OKUCJIEHUS U PACTBOPEHHS
OKHCJIOB OCYIIECTBJISIETCS B OOHOM LMKJIe. B ntore B mpo-
M3BOZCTBE MEUATHBIX [JIAT YCTAHOBUJIOCh UCITOJIb30BaHUE
KHCJIBIX PACTBOPOB Ha OCHOBE XJIOPHOM MeH B COUETAHUH C
OpraHUYECKUMU PE3UCTAMH U ILLIEJIOYHbIE PACTBOPLI HA OCHO-
Be aMMHAYHOT'0 KOMILJIEKCA XJIOPHOM UJIM CEPHOKUCIION MeU
B COYETAHHH C MeTaJJIOPE3UCTAMH Ha OCHOBE 0J10Ba (OJIOBO,
OJIOBO-HHKEJIb, OJIOBO-CBHUHEL)* 5.

Bce cymecTBytolye npoliecchl TpaBJieHUs PUCYHKa IPo-
BOJIHUKOB INEUATHbIX [1JIAT OTHOCSTCS K U30TPOIIHBIM ITPOLIeC-
cam, T.e. OHU PACTBOPSIFOT METAJIJI BO BCEX HAITPABJIEHUSX OIU-
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2 Clyde F. Coombs Printed Circuits Handbook McGraw-Hill
Professional, 2007

3 MMevaTHble nnaTbl: CnpaBouHuk / Mop pea. K. ®. Kym63a. MNepesopn ¢
aHrn. M.: TexHocodepa, 2011

4 Jump up to: Charles A. Harper, Electronic materials and processes
handbook, McGraw-Hill, 2003

5 «The Rise of High Density Interconnect PCBs - HDI PCBs».
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Ha6nopaeTca noaTpaB 60KOBbIX CTOPOH NeYaTHOro NPOBOAHMKA NofA,
pe3nctom

HakoBo. B ripotiecce TpaBJsieHNs IIPOBOAHUKOB CXEMbI KPOME
BEpPTUKAJILHOI'O TPaBJIEHUS, T. €. TPaBJIeHU I10 [IyO1He 3a30pa,
TIPOMCXOAUT TaKXXe U TOPU30HTa/IbHOE TPaBJIEHUE, TaK Ha3bl-
BaeMbIi 60KOBOM noATpas. Beerna esaTeslbHO YMEHBILIUTD
60KOBOE NOATPAaBJIMBAHKE, UTOOBI JOOUTHCS MPSAMOYTOJIbBHOM
$opMbI ceyeHHs BLITPABJIEHHOTO MPOBOLHHUKA.

[Tpotiecce! TpaBieHUs MOTYT OBbITH IOTPY>XHBIMU U CTPYH-
HbIMH.

OCHOBHOE PEUMYILIECTBO MTOTPY>KHOT'0 TPaBJIEHUS — 3TO
paBHbBIE yCJ'IOBI/IH TpaBJICHUA OJId ABYyX CTOPOH 3aroToOBKH. ITo
BCEM 3aroTOBKe HabJIoZaeTcss OQUHAKOBBIM OOKOBOH ITO/I-
TpaB, U CKOPOCTb TPaBJIEHHUS IIPUMEPHO OAUHAKOBAS IIPU
YCJIOBMY NepeMeINBaHNs PacTBOPa UK BO3BPATHO-TIOCTY-
TaTeJIbHOTO [TepeMellleHNs 3aroTOBKU B pacTBope. Ho u rmpu
3TOM OOMEH pacTBOpa Ha NMOBEPXHOCTU 3arOTOBKU MUHU-
MaJibHBIN, a GOKOBOM NMOATPAB [10JIyyaeTcs 6OJIBILIMM, TaK KaK
TIpoLiecC TpaBJIeH!s KaK B ILIUPHHY, TaK U B ITIyOUHY UZET C
OIVMHAKOBOW CKOPOCTHI0. TaKue yCIOBUS TPABJIEHHUS TIPU U3~
TOTOBJIEHUH [TPELIM3HUOHHBIX TIEYATHBIX [JIAT HE YCTPAUBAIOT
COBpEMEHHOE IMPOU3BOACTBO M3-3a MOBIIIEHHOI0 HOKOBOTO
MOATPaBJIMBaHUS. 3aaua KOHCTPYKTOpPA U TEXHOJIOTa IIpU
MPOEKTUPOBAHUN o6opy,aosa1—m;1 AJ11 TPpaBJIEHUA MME€YaTHBIX
IJ1aT JOOUTHCA HaubOoJIbIIEN CKOPOCTU TPaBJieHHUs B INTyOH-
Hy, @ HE B CTOPOHY IT0Ji METAJIJIOPE3UCT UJIU OPraHUYEeCKUN
pe3uct (poTopesucr).

CTpy#HbIN MeTO[ TpaBJieHUs ABJsieTcs Haubosee adpdek-
THBHBIM KaK IT0 CKOPOCTH TIPOLIeCCa, TaK U [10 CHIDKEHUIO
BeJINYMHbBI O0KOBOTO IToATpaB/MBaHus. CTpyHHOe TpaBJieHHe
0OBIUHO OCYILIECTBJIIETCSI B KOHBEHEPHBIX yCTAHOBKAX, B
KOTOPBIX Ha 3arO0TOBKH IT€UATHBIX I1J1aT, TIEPEMEIIAEMbIX T10
TPaHCIIOPTEPY, CBEPXY U CHU3Y MOJAI0TCS CTPYU TPaBUJIbHO-
ro pacTBopa.

PaccmoTpuM 3Tans! TpaBieHUs: pUCYHKa, JIOKAJIbHO 3a-
LIUIIEHHOI'O PE3UCTOM.

Hauasio nporecca TpassieHus (PUc @): TOBEPXHOCTh MEAU
TOKPBITA PUCYHKOM M3 3aLIUTHOr'O PE3UCTA. 3[1eCh TPaBSILAs
cpeZla OMBIBAET, TPABUT U yIaseT Te YUacTKU MeaU, KOTophle
He 3allMilleHbl pe3ucTOM. [IpoMeXXyTOoUHbIe 3Tarlbl, [T0Ka3aH-
Hble Ha PYC @ ¥ @), IEMOHCTPUPYIOT HaIbHEHILINI X0 3TOTO
TpoLiecca.



MpoponxeHne TpaBeHUSs MEAHOWN MOBEPXHOCTU U GOKOBbIX CTOPOH
(pe6ep) Nne4yaTHOro NPOBOAHUKA

Cnenytotuit aTan (puc @): MeIb 37eCh YKe ITOJTHOCThIO
yIasieHa Jio IIoBepXHOCTH 6a30Boro MaTepuasa. Ho uTo6er
YBEPEHHO rapaHTUPOBATh Pa3esieHUe CMEXXHbIX TIeUaTHBIX
TIPOBOZHUKOB, & TAK)XXe UCKJIIOUHUTh CUTYALMH, KOTa OCTaTKU
M€Y B 3230p€ JIOKAJIbHO YMEHBIIAIOT PACCTOSIHUE MEXIY T1e-
YaTHBIMH TIPOBOLHHUKAMH, TIPOLIECC TPABJIEHUS TIPOIODKAETCS.

Ecny B KauecTBe 3all[UTHOIO Pe3UCTa UCIIOJIb3YETCs
MEeTaJIJIOPE3UCT, 3a CUET KOHTAKTHOM Pa3HHULIbI B 3JIEKTPO-
XUMHYECKOM IOTeHLIMase Mey U MeTaJlJIope3ncTa (010Ba)
MeJIb yOaIsIeTCs [VIaBHBIM 06pa3oM U3-TIOJL PE3UCTA, U 3LEeCh
B HaUOOJIbIIIEH CTEeNeHH NposiBisieTcs 3bdPpeKT 6OKOBOTO
TOATpPaBa B COYETaHUU C HABUCAHHUEM METAJIJIOPEe3UCTa Ha
KPOMKax IIPOBOJHUKOB.

JL1s1 OLleHKM KauecTBa TpaBJIeHHUs UCIIOJIb3YEeTCs TaKOe
MOHATHE KaK GaKTOp TpaBJieHHs. DTOT IIapaMeTp OTPaKaeT
OTHOLIIEHHE TOJILLIHHEI IPOTPaBJIEHHOTO MEAHOTO MTPOBO-
JIHMKa K MaKCHMaJIbHOM BeJIMUHMHE HOKOBOT'O IIOATPaBa Io
onHo# cTopoHe (Puc @).

F=H/L,

rne F — dakTop TpaBneHus (umu koadduririeHT 60KOBO-
ro oA TPaBJIMBAHUS),

H — TonmuHa meu,

L — 6okoBo# noaTpas.

D dheKT 3NeKTPOXUMNUYECKOrO NoATpaBAMBaHUSA: 1 - MeTannopesncT
(onoBo), 2 - ralbBaHM4YeCKoOe HapalwmBaHue, 3 - MegHasa donbra
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Pe3uct

[anbBaHWKa

®onbra

OcHoBaHue

o

Pe3ynbTaT U30TPOMNHOro TpaBneHus Meaun. Habniopaetca 60KOBOM NoaTpas
L neyaTHoro npoBogHMKa

OO6b1uHO $aKTOp TpaBjeHUs OJ1s1 TPABUJIbHBIX MaIIMH
ctpy#Horo tuna F = 2 - 2,5.

UeM 6ouibliie GpaKTOp TpaBJieHUs], TEM MeHbllle 60KOBOM
NOATpPaB, U TeM OoJsiee TOHKHE MPOBOAHUKHA MOXHO BOCIIPO-
M3BOAMTD. 3aaya TEXHOJIOTOB — YMEHBIINTh BEJIMUKHY 60-
KOBOTI'0 IIOATPaBa MPOBOJHUKOB U 3a CUET 3TOr0 Y/IyULlIUThb
paspelalyo ClIocoOHOCTh IUTOrpadru prUCyHKa Ieyat-
HBIX IIJIAT. [1J1 3TOro Hy>XHO CO3LaTh YCJIOBUA [ ITOALep-
YKaHHU TPaBsLLMX CBOMCTB pacTBOpa «Ha rpaHu poian, T.e. B
COCTOSIHMH, KOIla pacTBOP aKTHMBEH TOJIBKO B MeCTax yAapa
CTPyH O TpaBsILIyIOCs IOBEPXHOCTh. ITH YCJIOBUS peasn-
30BaHbl B KOHCTPYKLIMH TPAaBUJIbHOM MAIWHBI, B KOTOPOH
$OpPCYHKU pacbLIAIT TPABAIIKMK PaCTBOP CTPOro IepIieH-
IVKYJIIPHO TpaBsilliel ToBepxXHOCTHU (PUc @).

[lns1 yripaBjieHHs MTpoLieccoM HeoOXO0AUMO CO3/1aTh arl-
MEeHJUKC K OJIOKY TpaBJIEHHUs, YAAJIAIOIIMHA U3JIUILKH MeOU
13 TpaBALlero pacTBopa 10 Mepe e€ pacTBOPEHH (Hachlllle-
HUS pacTBOPa MeJIbI0).

[TorpannuHsle peXXHMbI TPaBJEHHS 00eCIeurnBaOTCa
rnoAfep>XaHueM COCTaBa PacTBOPA C IIOCTOSHHBIM COZlep-
>KaHHeM Menu MeHblile 70 I/, HO He HibXe 65 r/J1 rpu
pH = 7,8 — 8. O6bI1yHO ITpU MOALEPKAHUU TAaKOI'0 COCTaBa
MIPOUCXOOUT TMEPBOHAYAJILHOE PACTBOPEHUE MEeLH, 3aTeM
ero ObICTPBIM OCTAHOB 3a CUeT [IacCUBALIMY MeLHOM [T0BEPX-
HocTH. [Ipy 3HaUKTEIbHOM IOBBILLIEHHY OaBJieHHH Ha $op-

(DDOHTaJ'IbeIe CTpyu TpaBuTensa

doTopesnct

Menb

MNaccmBayMoHHas
nneHka

OnanekTpuk

o

CxeMa ABMXEHUS CTPYM TpaBsaLLero pactsopa B cucteme Frezer Style +
C3MAP



CyHKaX, MOLI[Has CTPYsl CBEXXero TpaBUJILHOT'O pacTBopa Io-
CTOAHHO aKTHUBHUPYET MEOHYI0 ITOBEPXHOCTH, U ITaCCHUBALIUA
MeIHOM MTOBEPXHOCTHU He ycreBaeT obpa3oBaThcs. TakuM
obpasomM, TpaBjieHUe MeaU B IIyOHHY OyZeT MPOUCXOIUTh
HeIpepbIBHO, a O0OKOBbIE IOBEPXHOCTH, He NOoABeprasich
MOIIJHOMY [aBJIEHUIO CTPYH PacTBOPa, TaCCUBUPYIOTCA U
He TpaBaTcs. TakvM 06pa3oM, IPOHUCXOUT YMeHbllIeHHe
OOKOBOT'O noATpaBJIMBaHUA, YTO INPUBOOUT K YJIYyUILIEHUIO
dakTopa TpaBeHHUs".

VYmpaBnieHne npolieccoM TpaBJieHUs B OITUChIBAEMOM CU-
CTeMe COCTOUT B XXECTKOM NoAAepXXaHUU COCTaBa pacTBopa,
pH, KoHIleHTpalLKy Meiy U TeMIlepaTypbl pacTBopa. Kpome
TOTO, AJ151 yMeHbIlIeHHsI BeJIMUNHbI 60KOBOI0 [TI0ATpaBa 110
npeunaraeMoﬁ METOOUKE HY>XHO 3HAUYUTEJIbHO YBEJIMUNUTDH
Harop CTPYyH TpaBsslllero pacTaopa.

B npotiecc npenu3MoHHOrO TpaBJIeHUS BMEIINBAETCA
ellle OOUH CyLleCTBeHHbIN GaKTOp — Ha BepxHel NoBepx-
HOCTH 3arOTOBKU 00pa3yroTCs JIYXKH, Mellarole ooMeHy
pacTtBopa. M3-3a 3TOro co3parTcs HepaBHble YCJIOBUS
TpaBJIEHUs Ha BEPXHEW U HWKHEU ITIOBEPXHOCTU 3ar0TOBKHU
r1aThl. CHHU3Y 3aroTOBKH TPaBUJIBHBIM PACTBOP ITOCTOSTHHO
06HOBJIIETCS 3a CUeT IPaBUTALMH, OH JIETKO OTHessAeTC S
OT NOBEPXHOCTH U NajlaeT BHU3. A Ha BepxHel [10BepX-
HOCTH 3aroTOBKH I1J1aThl HEM30EXHO cobMpaeTcs JIyXka U,
yeM BBIIIIe pacxo/i TPaBUJILHOI'O pacTBOpPa, TeM OoJiblile ee
cobupaeTcs B LieHTpe 3aroToBku. Ha Kpasx pacTsop 6yneT
HaKaIllJIMBaTbhCd B MEHbIIIEH CTENeHU, U 3[eCh YCJI0BUA AJIA
obMeHa pacTBopa 6yayT Jiyullle. B 1ieHTpe 3aroToBKU 06-
MeH pacTBoOpa 3aTpyLHEH, a 00pa3ymollascs Jiy>ka pacTBopa
CO3JlaeT yCJIOBHUSA U30TPOIIHOCTH Ipoliecca TpaBJIeHUs, T.e.
OynyT Hen36eXXHO CO3/laHbl YCJIOBHS JIs1 YCUJIEHHOTO OOKO-
BOr'o rnnoATpaBJIMBaHHUSA.

Taxkyum 06pa3om, IPoLieCChl TPaBJiIeH!s Ha BEpXHEN U
HIWKHEN [T0BEPXHOCTAX 3arOTOBKY CHUJIbHO OTJINYAIOTCH.
Yewm Gosibliie [1JI011a7Ib 3aTOTOBKY, TEM CUJIbHEe OyAeT Ipo-
ABJIATBHCS 9Ta pa3HULIA.

[ns1 ycTpaHeHUs JaHHOrO HeraTUBHOro agdekTa 1
AOCTHXXEHNS PaBHOMEPHOCTH TPaBJIEHHS UCIIOJIb3YETCs
BaKyyMHBIH OTCOC TPaBUJIbHOI'O pacTBOpPa C BEPXHEH I10-
BEPXHOCTHU 3arOTOBKU. BakyyMHbIe OTCOCHI BCTPanBalOTCA
B [IPUBOZHbIE POJIMKU Ha KOHBelMepe 1 Ha3bIBalOTCS THAPO-
JWHaMHUYeCKHMMH. 3a CUeT 3TUX BaKyyMHBIX OTCOCOB 3aCTOM
TPaBUJILHOI'O pacTBOpPa MOJIHOCTBIO yJla/IseTCs], @ HOBblE
ropuuu U3 GopCcyHOK KaxkIbli pa3 ObIOT 10 0OHaKEHHOM
[IOBEPXHOCTH 3arOTOBKHU. TakuM 06pa3oM co3zaroTcs abco-
JIIOTHO OJWHAKOBbIE CKOPOCTH TPaBJIEHUS KaK CHU3Y, TaK U
CBEPXY 3arOTOBKHU.

[ToBbllIeHHBIM HANIOP CTPYH LOCTUrAETCS 3a CUET IPU-
MeHeHMs MOILIHbIX HacocoB (5 KBT) u yMeHbllleHUs pac-
CTOSIHUSA OT POPCYHKHU 10 ITOBEPXHOCTH ILJIaThl. B pe3ysib-
TaTe SHEePrus U JaBJjieHHe CTPyHU TPaBUJIbHOIO pacTBopa
B KOHTAaKTe C [IOBEPXHOCTbIO 3arOTOBKHU [1€YaTHOMH I1JIaThI
yBesmMurBaeTca. [Ipu npoBeieHNWH MPOEKTHLIX paboT Ha

6 MepBenes A.M. MNeuaTHble nnaTtbl. Mpouecchl TPaBNEHUA PUCYHKa//
TexHONOrnm B 3NIEKTPOHHOM NPOMbILWIeHHOCTU. 2013. N2 8
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CrieliajbHOM UCHBITATEeIbHOM CTeH/le Obl/I0 BbIOpaHO OIl-
THUMaJIbHOE pPacCTOsiHUE OT GOPCYHKHU 10 MeHOM MOBEPX-
HOCTH C YYETOM yTJIa pacrblieH!s GOPCYHKU TaK, UTOOBI
coceIHUEe CTPyH nepeceKauch He 6osiee uem Ha 15-20 %.
VYBenMueHMe MOILIHOCTU HACOCOB, YBeJINUeHHe OaBJIeHUs
NoZ,a4yy pacTBOpPa INPHU OTHOCUTEJIBHO MaJiol akTUBHOCTH
TPaBUJILHOI'O pacTBopa («Ha rpaHu ¢oJsia») Mo3BOJIUIIN J0-
CTUT'HYTb HOpMaﬂbHOﬁ CKOPOCTH TpaBJIEHUA U IIOOABUTH
6OKOBOH MMOATPAB.

VYnpaBsnieHue cocTaBoM pacTBopa obecrieurBaeTCs MpU-
MeHeHHeM HOBOM cucTeMbl pereHepauuu. [Ipuniunmn paboTsl
9TOM CUCTEMbI OCHOBAaH Ha OpPraHUYecKOM 3KCTPaKLKUK Melx
13 MeJIHO-aMMHavyHOIro KOMILJIeKca C [IOMOILbI0 OpraHuye-
CKOI'0 3KCTpareHTa, KOTOPBIH [10C/Ie paspylleHUs MeIHO-
aMMHa4YHOTr'0 KOMILJIEKCa HaChIIlaeTCa MOHaMu Menu. Jlna
3TOr0 NIPUMEHSETCS 3KCTPAreHT, CEPUMHO BBIILYyCKaeMbli
ILJIs1 IPOMBILLLIEHHOM fo6brun Menu. OH SIBJISIETCST KPYITHO-
TOHHaXXHBIM IIPOLYKTOM, ¥ €r0 CTOMMOCTb He CUJIbHO CKa-
3bIBaeTCs Ha cebeCTOMMOCTH Ipoliecca pereHepanuu Meau.

B pasnpHelIIeM NPOXMCXOOUT paspylleHHe HACHIIEHHOIO
Me[bl0 3KCTpareHTa pacTBOPOM CEPHOM KUCJIOTHL B aTOM
Tpoliecce UOHbI MeaU I1epPeXONAT B PACTBOP CEPHOM KUCJIOTHI.
[To mepe HaxkomIEHUS MeU B pacTBOPE 3JIEKTPOJIUT I10JIBEP-
raeTcs 3JIEKTPOXUMHUECKON pereHepalyy, Ifie Melb B BUe
0co00 YMCTOM MeaU BbICaXXMBAETCs Ha KaToJlax. DKCTPaKLUI
Me[iy U3 paboyero TpaBUJIBHOTO pacTBOpa U CTaus U3BJie-
JeHUs MeJlM U3 3KCTpaKTa pasfesieHsl. [loaTomy mporecc
3JIEKTPOXHMUYECKOI0 BOCCTAHOBJIEHHNS MeU HUKaK He
BJIMSIET Ha CKOPOCTD TpaBJieHUs. [IprMeHeHNe crielyaibHbIX
BBICOKOTOYHbIX JaTYHKOB M3MepeHHs IIJIOTHOCTH pacTBopa
TpaBJIeHs [103BOJIIET C TOYHOCTHIO 2 I/ J1 mofaepXUBaTh
collep>XaHue Mely B TPaBUJIbHOM pacTBOpe.

OmnuceiBaeMbI MpoLieCC pereHepanyy 3HaUUTENBHO OT-
JIM4aeTcsd OT TPaAULIMOHHBIX ITPOLIECCOB, MPHYMEHAEMBIX IIPU
MIPOM3BOCTBE NeUaTHBIX IJIaT. B TpaAuliOHHOM IIpoliecce
pereHepanus MeJiy IPOUCXOIUT ITOPLIMOHHO B rajibBaHU-
yeCcKOM BaHHe. DTOT IIPOolLiecC CTYNeHYaThbIH, OH He MOXeT
6bITh HenpepbIBHBIM. [leproanyeckuii 0T60OpP TPaBUIBHOIO
pacTBopa /19 pereHepalyy U JobaBJieHHe CBEXEro pacTBo-
pa MeHSIOT KOHIIEHTpAalUIo Mey B TPaBUJIbHOM MallllHE, a
3HAUUT MEHSeTCs aKTUBHOCTh pPacTBOpa B XOZe TPaBJIEHUS.
UTOoOBI BEIPOBHSATH IIpoliecc, HEOOXOOUMO UCIIONIb30BaTh LO-
TIOJTHUTENbHble OydepHble eMKOCTH Ha BXOZE U BbIXOZE pe-
reHepupyemMmoro pactsopa. Ho mpumeHeHHe Takoro rnpuema
BeZeT K OTCYTCTBHIO YCJIOBHUH yIIPaBJIsIeMOCTH IIPOLIECCOM
TpaBJIeHUS, YOOPOXXaHHI0 060pyAOBaHUsA U HeynobcTBaM B
9KCILTyaTallH.

['naBHOE JOCTOMHCTBO ONKCHIBAEMOTr0 KOMILJIEKCa IIpe-
LIM3MOHHOI'0 TPaBJIeHUs — YIIPaBJIsIEMOCTh IIPOLIECCOM U
MIPOCTOTA 3KCILIyaTaluu. 3aIycK IIPoLIeCCOB TPaBJIeHUS U
pereHepanuy MPOUCXOANUT C OOHOM KHOIIKU. Bce pexxumbl
yCTaHaBJMBAIOTCS aBToMaTtudecku. OnepaTopy 4o Havasa
paboThl HEOOXOAKUMO TOJIBKO BBECTH B UHTEepQEC MalllMHbI
TOJILLIMHY BBITPaBJIMBAEMOrO MeTaJljla. YCTaHOBKa aBTOMa-
THUYECKU BBICTABUT OIITHMAaJIbHble PEXUMBI [IJ14 [10JTyUeHUs
MIPeLIM3MOHHOI0 PHUCYHKA.
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YcTaHOBKa NpeunsnoHHoro TpaeneHus tuna Frezer Style

[Tpu paboTe yCTaHOBKU KaXKbli KBaZpaTHBIA MeTpP
[1eYaTHOM IJIaThl YHOCUT OKoJsio 200 MJI pacTBOpa U MeHSeT
ero pH. B mpensaraemoii cucteMe KOppeKLKs TPaBUJIbHOTO
pacTBopa AJ1g noagepXXaHusa pH npoucxogut aBToMaTHhue-
CKY BOJIHBIM PacTBOPOM aMMMaKa HelloCpPeZCTBEHHO IIpU
TpaBjieHuu. [a3006pas3Hbiil aMMUaK He UCIOJIb3yeTCs, T.K.
ABJIIETCS B3PbIBOONIACHBIM ra3oM. Jlj1g peloTBpalleHUs
yHOCa HCIapsoLerocss aMMHUaKa yCTaHOBKa TPaBJIeHUs
HMeEET repMETUYHYH0 KOHCTPYKIIHIO. BreITSDKHAast BEHTU-
JIALMA [IOJKJIIOUeHa Uepe3 aBTOMaTUYeCKUH KJlarnaH A1
aBTOMAaTHUYEeCKOro noanaepxxanus pH.

B nponiecce paboTh! yCTaHOBKU NIPEyCMOTPEHO He
TOJIBKO yIpaBJieHHe COCTaBOM TPaBUJILHOI'O pacTBOpa, HO U
pereHepalusi aMMHavyHON ITPOMBIBKU. B rporiecce ammuyau-
HOM ITPOMBIBKH IIPOMCXOIUT HAKOILJIEHUE MeJIM B PAaCTBOPE,
Y OH MOXET IIPeBPATUTHCSA B TPABUJIbHBIN pacTBOp. UYTOObI
MPeOTBPATUTDb 3TOT 3QPEKT comepkaHre MeIU B aMMHaU-
HOM IIPOMBIBKE NOJepXXuBaeTcs He 6osiee 6 /.

Ponnku KoHBelepa ¢ BCTPOEHHbIMU 3/IeMeHTaMn BaKyyMHOIo oTcoca

pactBopa

||
YcTaHOBKa pereHepauuu TpaBUIbHOro pacTBopa Tuna
«COMAP»

Tak Kak CKOPOCTh TpaBJIeHUs [TOAePXXUBAETCs BCerna
MTOCTOSTHHOM, MOXXHO ITPUMEHSATH aBTOMaTUUYECKUE 10Ty 3-
YHKH-PA3rPy34yMKHY, T. €. YIIPABJIEHHE MIPOLIECCOM TPaBJIEHHUS
MIPOUCXOAUT TIPAKTHUUYECKH Oe3 yyacTus IepcoHala.

Takrm 06pasoMm CIIPOeKTHPOBaHa U IMpeLJiaraeTcsl CEpUs
YCTAHOBOK aHH30TPOITHOI'O TPaBJIeHUs PHUCYHKA I1eUaTHbIX
IJIAT C aKTHBHPOBAHHOM BePTUKAJIbHOM COCTABJISAIOIIEH,
Ha3BaHHO Frezer Style (pvc @). OHU 06eCrIeunBarOT I10JI-
HYIO yIIPaBJIIEMOCTb [IPOLIECCOM, IPOCTOTY OOC/TY>KUBaHUS
Y UMEIOT OPUTHMHAaJIbHBIN JU3akH. DKCIIyaTalus B yCJIo-
BUSIX peaJIbHOT'O IPOM3BOACTBA IoKa3asa, uto Frezer Style
WJieaJIbHO IIOAXONUT [IJIS TPaBJIEHU Y3KUX 3a30p0oB U $op-
MHpPOBaHUs [IPOBOJIHHKOB ¢ MUHUMAJIbHBIM pa3MepoM U J10-
IyCKOM IO IMpuHe. [IpuMmeHeHe THHAMUYECKOH CUCTEMBI
KOHTPOJIS1 ¥ TTOAEP)KaHUs IVIOTHOCTH U COCTaBa pacTBopa
TpaBJIEHUS B KOMILJIEKTE C S3KCTPAKLIMOHHOM CUCTEMOM U3-
BJIEUEHUS U3JIUIITHEN MeU U3 COCTaBa MeIHOAMMHUAYHOTO
TPaBUJIBHOTO pacTBopa, Ha3BaHHOH « COMAP» (puc @), ro-
3BOJIIIOT LOCTUYb MUHUMAJIBHOTO OOKOBOI'0 MOATPAaBa IIPO-
BOJHUKOB ITPH COXpPaHEHNH IIPOU3BOIUTEBHOCTH JIMHUHY 32
CUeT yBeJIMUEeHHS BEPTHUKaJIbHON COCTaBJIAILEH 06paboT-
KU IIpY TTOTPAHUYHBIX PEXUMaX TPaBJIeHUS.

KoHcTpyKIius fUHaMHUYEeCKUX PKUMHBIX BajIOB C
BaKyyMHBIM OTCOCOM PacTBOpa JaeT BO3MOXHOCTb ObICTPO
yOaJISITh TPABUJIbHBIN PaCTBOP («IYXKHU») C [TOBEPXHOCTH
ob6pabaThiBaeMoit 3aroToBkH (Puc @), obecreuriBas TeM ca-
MBIM JIyUIlIKe pe3ysIbTaThl IIPY GOJIbIION TOIIUHE GOJIBIU
(daxTop TpaBseHus 1o 5).

VmpaBsienue ycraHoskoi cepun Frezer Style ocyiecT-
BJy1seT PLC-KOHTpOJIIEP C CEHCOPHBIM 3KpaHOM, Ha KOTO-
POM BBIIIOJIHAIOTCS BCE HACTPOMKH, HAIIPUMeED, BbICTABJISET-
Cs1 TOJIIMHA MeTHOHM POJIBTU U OTCJIEXXHUBAETCS COCTOSIHUE
BCEX 3JIEMEHTOB YCTaHOBKH M PEXUMOB TpaBJieHHUs. BriBoz
YCTaHOBKU Ha paboyuuii peXXuM ITPOU3BOIUTCS aBTOMATH-
yeckd. Bce nmoak/roueHus — Boza AJ1s1 TPOMBIBKH, BOZA IJIst
OXJIaXXIeHUs], CJIUB IIPOMBIBHBIX BOZ, CJIUB pacTBOpa — OCy-
IIECTBJIAIOTCS B ONHOM 30He NOCTYyIa.

st yno6cTBa ¥ TEXHOJIOTMYHOCTH UCITOJIb30BAHNUS B
ycTaHoBKax cepuu Frezer Style npenycmMoTpeHsI:



D eKT INEKTPOXUMUYECKOTO NOATPABANBAHMUSA: 1 - MeTannopesnct
(onoBo), 2 - rabBaHUYECKOe HapallumBaHue, 3 - MegHas dosbra

HesaBucumas peryivpoBKa LaBJieHus 0 psifam Gop-
cyHOK (prc @ Q).

[IpenoTBpaliieHre Pa3BOPOTOB 3aTOTOBOK: I10JIO-
)KEHHe Ha BbIXOJHOM KOHBelepe COOTBETCTBYET
BXOJIHOMY.

dopcyHKHU ¢ 6alloHEeTHBIM KpelJieHHeM, obecreyn-
BaroIye ObICTPOTY UX OEeMOHTaXa/MOHTaXa IpU
npodunakTuyeckux pabortax. KosnekTopsl 06Cyxu-
BatoTcs 6e3 pa3bopa yCTaHOBKHU.

Cucrema DAaTYMKOB AJIs1 U3MEPEHUS TJIoMany 06-
pabaTriBaeMOI 3aTOTOBKU U YIIPABJIEHUS PEXHUMOM
SKOHOMMUHU BOZBI ¥ 3JIEKTPOSIHEPTHUH.

Bo3MoXxHOCTh 06pabOTKM TOHKUX 3aTOTOBOK U 3a-
rOTOBOK MaJioro pa3Mepa 6j1aronapsi KOHCTPYKLIUU
KOHBelepa: POJIMKY Ha CMEXXHBIX BaJjlaX B3aUMHO
CMEILIEHEBI, UTO ITO3BOJIAET obecreuynuTs MUHUMAaJIbHO
BO3MOYXHOE PACCTOSIHHE MEeXy BaJlaMHU.
ABTOMaTHUECKasi CUCTEMa KOHTPOJIS ¥ IO AEPKaHHS
pH. ABTOMaTHYecKasi cCUCTeMa JO3UPOBAHHUS KOPPEKTH-
PYIOLLIErO pacTBoOpa.

Cucrtema nognep)xaHys TeMIIEPATypbl B pabounx
Kamepax.

Hacochb! MoBBIITIEHHOM MOIIHOCTH B KOMILJIEKTE CO II1e-
JIEBBIMU U CIelMa/IbHBIMK OpCyHKaMH, obecrieurBa-
ollIMe HaruboJiee MOAXOIAIIYIO 11 JAHHOTO IIpoliecca
CTpYIO pacTBopa.

JIBotiHbIE PO3payHbIe KPBILIKK U3 MUHEPAJIBHOTO
CTEKJIa C JaTUYNKOM OTKPBITHA.

MHorocTyneHyaTas cucreMa GpuibTpaLyy, obecrie-
UMBAOIIAS YUCTOTY POPCYHOK B IPOLIECCE IKCILTya-
TallUU U CIIOCOOCTBYIOIIas paBHOMEPHOCTH Ipoliecca
TpaBJIEHHS.

Bce 6aku cHabXeHbl CUCTEMOM KOHTPOJISI YPOBHS pac-
TBOpA, CBA3aHHOM C CUCTEMOH yIIpaBJieH!s, AJ1d 0be-
CIieueHus1 HaeXXHoM paboThl HacocoB. Bce 6aku MeroT
OKHa JiJ151 BU3yaJIbHOr'O KOHTPOJIS1 YPOBHS PacTBOpA.
ABTOMaTHUECKas CHCTeMa YIIpaBJIeHUs KJIallaHOM
BBITSDKKU Y CCTEMa YJIaBJIMBaHUS [APOB [1J1s1 yMeHbI1Ie-
HUYsI YHOCA aMMHaKa B BBITSDKHYIO BEHTUJISLIHIO.
Mogymnb ropsyen CyLiKu.
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CxeMa paboTbl ycTaHOBKU COMAP

Ycranoska COMAP obecnieuriBaeT pereHepalyio pac-
TBOpa MeJHO-aMMHUAYHOI'O TPaBJIEHUS MeYaTHbIX [J1aT U
aMMHaYHOM ITPOMbIBKH. CHCTeMa COCTOUT U3 IBYX OCHOB-

HBIX

MOZyJIel: 3KCTPAKLMOHHOTO U 3JieKTpoJsin3Horo. Cxema

paboThI yCTaHOBKM NpuBeLeHa Ha PUc @@.

Ycranoeska COMAP npenHasHaueHa 11

[TonnepxaHus MOCTOSIHCTBA COCTaBa MeAHO-aMMUau-
HOT'O TPaBUJIbHOI'O PaCTBOPA.

ABTOMaTHUECKOM pereHepaly ¢ u3BJiedeHueM Me-
TaJIJINYeCKOM MeJY U3 TPaBUJIbHOI'O pacTBOPa.
ABTOMaTHUeCKON pereHepalnyy C U3BJeUYeHUsI MeU
Y3 pacTBOpa aMMHAYHOW ITPOMBIBKHU.
HemnupoBaHus KosebaHUM KOHIIEHTpaLUU Mequ
[IPYU UMITYJIbCHOM 3arpysKe TPaBUJIbHOM MalllMHbI

¢ GOJIBILIMM KOJTMYECTBOM CTPAaBJIMBA€MON MeIH B
KOPOTKUH NTPOMEXYTOK BPEMEHH.
CrnienuanmM3npoBaHHOM pereHepaluu MeIHO-aMMHUay-
HBIX TPaBUJIbHBIX PACTBOPOB C BblZi€JIEHUEM UHMCTOMN
MeTaJIJIMueCKON MeIU B PerMOHaJ/IbHBIX LIEHTPaxX.

[IpenmyiuecTtsa:
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= [locTosHHOE MoAfep)XaHe cOCTaBa TPAaBUJIBHOIO

pacTBopa ¢ BbICOKOM TOYHOCTLIO.

= OTcyTcTBHE OTXOLOB TPaBUJIbHOTO pacTBoOpa U

aMMHUaYHOM MIPOMBIBKH.

= TlpemoTBpallleHue nonazaHug HOHOB MeJH B IIPO-

MbIBHbIE BOJBL.
= He TpebytoTcsa cneruanibHble 106aBKU B TPaBUJIb-
HBIH PacTBOD.

= Oco6o uucTas Mezp, ITosiyyaeMasi B pe3yJibTaTe

skcTpakuuu (99,99 %).

OKCTpaKILMOHHBIA 6JI0K 0OecreunBaeT 3KCTPAKLIHIO
MeIU U3 TPaBUJIBHOI'O pacTBOpa U aMMUAYHON NTPOMBIB-
KU C [IOCJIEAYIOLIYM I1ePeBOAOM MeLU U3 OpraHnyecKon
$a3bl B BOOHBIN PaCTBOP CEPHOM KHUCJIOTHI. DJIEKTPOJIU3-
HbIN GJIOK — 3JIEKTPOBbIAEJIEHHE MeTaJJINueCKON Meau
13 CEpPHOKUCJIOTO 3JIEKTPOJIUTA.

OKCTpaKIMOHHbBIE arnrapaThl BKJIIOUATCS B TEXHOJIO-
TAYEeCKYy0 CXeMy 10 IIPUHLUIY «IlepeTpaKLUun», pas-
paboTaHHOM U onmpoboBaHHOM paHee B PXTY uwm. [I. U.
MeHzeneeBa. DTOT IPUHLIUI NTOJIpa3yMeBaeT TPaHCIOPT
HOHOB MeJU M3 OJJHOTO BOAHOT'O pacTBOpa B IPOCTpPaH-
CTBEHHO-OTZEJIEHHBIH OT HEro Apyrol BOOHBIM pacTBOP,
C He CMELIUBAIIIKMMCI C HUMU OpraHUYeCKUM 3KCTpa-
reHTOM (CBOOGOZHOM Xunkot memb6paHo). [Ipu aTom, B
OTJIMUHME OT KJIACCUUECKON XUIKOCTHON SKCTPaKLUH,
opraHuueckas ¢asa He SIBJISETCS HAKOIIHUTEJIEM HOHOB
Me[H, a BBICTYIIAeT JIMILb B POJIU [IEPEHOCYHKA, U3-
BJIEKAs MOHBI U3 ONHOM BOAHOU da3bl U OTHABAS UX B
APYTyro.

[Tpu 11€/10UHOM TpaBJIEHUU 3arOTOBOK IMeUaTHBIX
ILJIaT y TEXHOJIOIOB BO3HUKAET BOIIPOC: a Kak Xe xJjop?
OH Benp OyzneT BblenaThess? OHAKO 3TOTO He ciydaeT-
cs B CUJIy cBOeobOpa3HoOro XMMH3Ma IPOoLieCcCoB TpasJe-
HUA U pereHepaliu, KOTOpble IPOUCXOAAT B yCTAaHOBKAX
Frezer Style u COMAP. Kak nokasaHo B cTtaTbe «[Ipe-

LIM3UOHHOE TPaBJIEHHE TIEUATHBIX TIJIaT»’, XJIOP BbIIEISITHCS HE
OyZleT, OH HaXOJIUTCS BCETZA B CBSI3aHHOM COCTOSHHU.

W3 prBeieHHbIX JaHHBIX 10 MeXaHW3My pereHeparyy cie-
IIyeT, UTO SKCTPAKLIMOHHO-3JIEKTPOXUMUUECKAs CXeMa HECMO-
Tpsl HA MHOTOCTaAUHHOCTD Npoliecca 00ecreurBaeT OJHYI0
pereHepalyio TpaBUJIbHOIO pacTBOpA.

KcriprTaHus oKa3aly MUHUMAJIbHYI0 BEJIMYKHY 10 TpaBa
TIpYU TPaBJIEHUH PUCYHKa [eYaTHbIX 1T Ha KoMiiekce Frezer
Style u COMAP (F = 5) 1o cpaBHeHMO ¢ aHaJIOTMYHBIM 060pY-
JIOBaHMeEM, TpeijlaraeMbIM PhIHKOM. DKCILTyaTalsi KOMILIEKCA
MOATBEPAMIIA €T0 TEXHUUECKHE XapaKTePUCTHKU:

= [Ipou3BoAXTENBHOCTD 110 MeZIU: 10 2 KI'/Jac.

= TouHOCTb NOAZEP)KaHUsI KOHLIEHTPAlH MeAY B PaCTBO-

pe TpaBnieHus:: £ 2 /1.

TouHocTh NopaepxaHus 3HaveHus pH pacteopa:  0,1.
TouHOCTb IOAIEPXXKaHUs TEMITEPATYPLI B TPABUJIBHON
MalHe o oosemy: * 1 °C.

OnbITHas 3KCIUTyaTalHs CHCTEMbI IpeIjH-
3HOHHOTI'O TPaBJIEHHS PHCYHKAa NMPOBOAHH-
KOB IIeYaTHBIX IJIaT B peaJIbHOM IIPOH3BOM-
CTBe NOoKa3aJia MOJIHYI0 COCTOSATEJIbHOCTD
NpeAJIO>KEHHBIX HAEeH [J1d pa3spad0oTKH
CHCTEeMbI, 00eCIIeUHBAIOILEeH yJTydIlIeHHbIA
daxTop TpaBsieHHA, pereHepalHI0 MeOH H
II0JTHOE aBTOMAaTH4YeCKOe yNnpaBJIEHHE IIpo-
I[eCCOM.
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