Ha [paBax PyKONUCHU

MenbaukoBa EkaTepuna AnekcaHapoBHA

PACIIPEJEJIEHUE CEPEBPA B IIOJIMMEPHBIX CJIOAX
KHNHO®OTOMATEPHUAJIOB U OBPABATBIBAIOLINX
PACTBOPAX IIPU ®OPMUPOBAHUHA
DOOTOI'PAOPUYECKOI'O U30BPAKEHUA

CneunansHocTh: 05.17.06- TexHonorus u nepepadoTKa MOJIUMEPOB U KOMITO3UTOB

ABTopedepat
JICCepTAIH Ha COMCKaHHUE YUICHOW CTENeHU
KaHJU/1aTa TEXHHIECKUX HAYK

Cankr-IletepOypr-2008



2

PaGota BrinonHeHa Ha kadenpe Hay4yHOU U MpUKIaTHON QoTorpadun
Cankr-IleTepOyprckoro rocyjapcTBEHHOTO YHUBEPCUTETA KUHO U TEIEBUACHUS

HayuHslii pykOBOAUTEB: 3aCIIyK€HHBIN fedarensb Hayku PO, nokrop

TEXHUYECKUX HaykK, npodeccop Penpko A.B.

OdurmanbHble ONMOHEHTHI: JOKTOp XUMHUYECKHX HayK, Ipodeccop,
Jlaypeat I'ocynapctBennoit npemuun CCCP
[Tanupo b.N.
JOKTOp TEXHUYECKHUX HayK, podeccop

Muanakauos C.C.

Benymas opranuzanusi: INocpunsmodona Poccun
3ammTa coctoutes « 13»Hoa0ps 2008r. B « » 4acoOB Ha 3aCelaHuu
nuccepraunonHoro cosera J[ 210.021.01 npu Cankrt-IlerepOyprckom

roCy/IapCTBEHHOM YHHMBEPCUTETE KUHO U TeneBuaeHus no aapecy 191119, Cankr -

[leTepOypr, yu. [IpaBasl, a.13.

C nuccepramueid MOXXHO  O3HAaKOMHUThCA B OubOmmoreke  CaHKT-

[TerepOyprckoro rocy1apcTBEHHOTO YHUBEPCUTETAa KHHO U TEICBUICHUS.

ABTOpedepat pazociaH « » 2008r.

VYueHbll cEKpeTapb

AUCCCPTAIMMOHHOT'O COBCTA I'macman K.D.




3
OBIIIASA XAPAKTEPUCTUKA PABOTbBI

AKTyalIbHOCTH  TeMbl.  @Dororpadpuyeckuid  METOJl  perucTpauuu
vHpopMaluu Ha OCHOBE TaJOreHUIOB cepedpa oOJamaeT psSIOM BaKHEUIIHNX
JOCTOMHCTB, KOTOpbIE MO3BOJISIIOT HCIIOJIb30BaTh €ro J0 CHUX IMOp HE TOJNBKO B
dbotorpadun u kuHEMaTtorpaduu, HO U B Pa3IMYHBIX OOJACTAX HAYKH W TEXHUKHU. [Iyis
MOJIy4eHHUs. (PUIBMOBBIX MaTepHallOB B KMHEMATOrpauu IIUPOKO MPUMEHSIOTCS Kak
LBETHbIE, TaK M 4YepHO-Oenble KUHO(OTOMAaTepuanbl, B KOTOPHIX B KayecTBE
CBETOUYBCTBUTEIBHOTO BEIIECTBA MPHUMEHSIOT TajoreHua cepedpa, a B KayecTBe
CBA3YIOILIETO MOJuMepa — KenaTuH. JKenaTuH 00JaaeT KOMIUIEKCOM HEOOXOAMMBIX
(U3UKO-XMMUYECKUX CBOMCTB: SIBJISETCS 3aIUTHBIM KOJUIOMIOM, MO3BOJISIOIIUM TOCTE
(bu3MUeCcKOro Co3peBaHHs CTaOWIM3UPOBATH pa3Mepbl U XUMHUYECKYI0 MPUPOIY
rajoreHuja cepedpa; oOecreunBaeT BBICOKYIO CKOPOCTh COBMEIICHHS U PAaBHOMEPHOTO
pacmpeneneHdsl  YacTHIl TajloreHujga cepebpa;  crmocoOCTBYeT — 3HAUUTEITHLHOMY
YBEJIMYEHUIO COOCTBEHHON CBETOUYBCTBUTEIBHOCTH TaJIOTEHUIOB cepedpa 3a cuer
dboTorpaduuecku aKTUBHBIX PUMECEN; U3MEHSET CTENIEHb PACTBOPUMOCTH U HaOyXaHUs
B BOJIHBIX MPOSBISIONINX, (PUKCUPYIOIIMX U T.[. PaCTBOpPax MOCPEACTBOM XHUMHYECKON
CIIMBKA MaKpOMOJIEKYJ, Ha3bIBAEMOW IyOJ€HUEM; AJTUTENBHO COXpAHSAET KOMILIEKC
CBOMCTB KHHO(OTOMATEpUaiOB, IOJBEPralOUIUXCS Pa3IUYHbIM 3HAKOIIEPEMEHHBIM
BHEILIHUM BO3JIEHCTBUSM.

KadectBo koHeuHOro u300pakeHUs, TmMojydaemMoro Ha ¢dororpaduueckom
MaTepuaie, OIpeneiseTcss Kak CcBoilcTBamMu caMmoro ¢oromMarepuana, TaKk U
TEXHOJIOTHYECKUMH  TIpOlleCCaMH  €ro  XuMHuKo-(pororpaduueckorr  0OpabOTKH.

dororpaduyeckoe n300pakeHue, MOJIyYeHHOE Ha YepHO-0eoM
CBETOYYBCTBHUTEILHOM MaTepHalie, COCTOMT U3 METaNINYECKOTo cepedpa U HeOOIbIIOTro
KOJIMYECTBA XMMHYECKH CIIUTOTO JKEJaTHUHA, a B LIBETHBIX MaTepuanax cepeOpo MHOraa
MOXKET cojiepxaTh Gororpaduyeckas GoHOTpaMMa U - B OYEHb HEOOIBIINX KOJIMYECTBaX
- nu3obpaxenue. Pacrpenenenue cepedpa B MOIUMEPHBIX CIOSX KUHO(OTOMATEPUAIOB U
B 00pabaThIBAIOIIMX PAcTBOpaX MpH GPopMUPOBAHUHN (POTOrpaduUECKOro M300pakeHUs
ABJISIETCSl aKTyaJlbHOM MpOO0JIEMOM, TOCKOJbKY pe3yibTaThl HCCIEAOBAHUNA B 3TOU
o01acTv MO3BOJAT OCYLIECTBIATh MPOLECCHl XUMHUKO-(oTOorpaguueckoir oOpabOTKH ¢
palMOHANILHBIM HMCIOJIB30BAHUEM CEpeOpOCOIEpPKALUX PACTBOPOB IMPU MHUHUMAJIbHBIX

norepsAx cepebpa. DTU CBeIEHUS MO3BOJIAT HE TOJBKO pealn30BaTh ¢ MAKCUMAaJIbHON
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3¢ (PEeKTUBHOCTHIO TIPOIIECC M3BIICUEHUS cepedpa M3 cepedpocoiepKalnx pacTBOPOB U
TEXHWYECKH W3HOMICHHBIX (WIBMOBBIX MAaTepHAIOB, HO ¥ HaJaauTh CTPOTHMA
KOJIMYECTBEHHBIN Y4eT ¥ KOHTPOIIb cepeOpocoiepKalliiuXx pacTBOPOB M MCIIOIb30BAHHBIX
MaTepUaIOB Ha MPEATNPUATHIX.

[IpoBeneHMe COOTBETCTBYIONIUX MEPOMPHUATHI B ITOM HANPABICHUH MO3BOJUT
M3bICKAaTh 3HAYMTEIbHBIC pe3epBhl cepedpa. Kpome Toro, 3HaHWE BETWMYWH COACPIKAHUS
cepebpa B kuHOGOTOMATEpHaIaX, B M300paX€HWU U B 00pabaTHIBAIOIIMX pacTBOpax
MO3BOJISIET TPOW3BOJIUTH pacyeThl BEJIWYMHBI BO3Bpara cepeOpa um pa3pabaThiBaTh
HOpPMATHBHBIE JTOKYMEHTHI JUTS TIPEANPHUATHIA OTPACIHA W TPEANPHUATHH, 3aHUMAIOITIXCS
XUMHKO-(poTorpaduyeckoil o0pabOTKON MaTepuaaoB CHEHAJbHOIO HazHauyeHus. B
CBSI3M C PACHIMPEHUEM AaCCOPTUMEHTAa KHMHOIIJICHOK HOBOTO IMOKOJICHHS W TOSBICHHEM
HOBOTO TPOSIBOYHOIO 00OpYyJOBaHMS BONpPOC BO3BpaTa cepedpa 3acilyKUBaeT
MPUCTATHHOTO BHUMAHHS U B HACTOSIIIEE BPEMS SIBIISICTCS HCKIIOYUTEIHHO aKTyalTbHBIM.

O0bexkT mccaenoBanus. CoBpeMeHHble KHHOGOTOMAaTepHalbl Ha OCHOBE
rajioreHuga cepedpa u cepedpocoaepKaliue pacTBOPBI, UCIOIb3YEeMble MPH XHUMHUKO-
dotorpaduueckoit 00pabOTKe MX Ha KMHOCTYIUSAX, KHHOKOMHPOBAJIBHBIX (pabpuKkax, B
(dhoTo1a00paTOPUAX U KUHOIA00PATOPHSIX.

Ilpeamer wuccaenoBanusi. TeopeTuueckne W METOJIUYECKHE  MPOOIEMBI
NOBBIIICHAS A((EKTUBHOCTH H PETYJIMPOBAaHUS TIpoIllecca IMOMydeHUS KOHEYHOTO
n300pa’keHUs] BBICOKOTO KauecTBa C MPUMEHEHHEM COBPEMEHHBIX TEXHOJIOTHYECKHX
MPOIIECCOB XUMUKO-(hoTorpaduueckoit 00paboTKkH KHUHOPOTOMATEPHUATIOB.

Heabro quccepraunMoOHHOM padoThI ABJISETCS:

- ompejesieHWE COOTHOUIEHUS KojJudecTBa cepeOpa B MOJIMMEPHBIX  CIOSX
KMHO(OTOMATEepUaIoB U B 00pabaThIBAIOLIMX pacTBOpax Mpu (GOpMHUPOBAHUU KOHEYHOIO
dboTorpaduueckoro N300paKkeHUS;

- yMeHblIeHHEe Oe3BO3BpaTHBIX NOTEeph cepedpa mpu XUMHKO-(poTorpaduyeckoit
00paboTKe raioreHcepeOPAHBIX KHHOPOTOMATEPHUAIIOB;

- pa3paboTka TEXHOJIOTUYECKUX rapameTpoB nporecca perenepanuu
cepedpocoaepKaIIuX PacTBOPOB C IEJIbI0 MOBBIMICHHUS €ro 3((HEKTUBHOCTU C yUE€TOM
COOTHOIICHUSI KOJHMYeCTBa cepebpa B (¢doToMaTepuanse HW B PEreHEPUPOBAHHBIX

cepeOpocoIepIKaIInX pacTBopax.
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MeTtoa0/10ru4ecKkoii 0CHOBOI JMCCEPTALIMOHHON padOTHI, MOCTaBICHHBIX B HEM
poOJIEM SIBUIIMCH HAYYHBIC TPYABl POCCHICKHUX U 3apYOEKHBIX CIICIUATMCTOB B 0071acTH
OpraHW3allid W  YIPaBICHHUS TEXHOJIOTMYECKUMH TporeccaMu  (HOPMUPOBAHUS
¢doTorpaduueckoro n300pa>keHus: Ha COBPEMEHHBIX KHHO(POTOMaTEpHUaax.

Metoabl uccienoBanusi. Bo BpeMsi TpOBEACHHUS HWCCIEIOBAHUS TPUMEHSIIHCH
METOJIl TEOPETHYECKOTO aHaM3a, MPOTHO3HPOBAHMS, CHCTEMHOTO MOIX0/Aa, METOIBI
CpaBHEHWH, OSKCIIEPUMEHTAJIbHBIE AHATUTHUECKHE METOABl aHanu3a. B muccepranuu
WCTIOIh30BaHbl PE3YJIbTAThHI UCCICIOBAHUN U TIPAKTUIECKOH IEATEIBHOCTH aBTOPA.

Hayunasi HoBu3na. Ha ocHOBaHMH CHCTEMHOTO TOAXOJa K aHAIN3y pPaOOTHI
TEXHOJIOTUYECKUX YYacTKOB JiabopaTopuil XHUMHUKO-(oTorpadguueckoir oOpaboOTKu
KUHOTUICHOK TPEII0KEHBI:

- TPUHLOUIB  yCTAHOBJICHUS  KOJWUYECTBEHHBIX TEXHOJOTHUECKUX  KOPPEISIHN
BO3MO>KHOT'O U3BJICUCHUS cepedpa;

- croco0 ympaBJjeHHUs MPOLIECCOM H3BJIEUEHUs cepedpa u3 (PUKCUPYIOIIUX PAcTBOPOB
Mpu ToMyYeHUu Qotorpaduueckoro M300pa)xKeHUs, OTIUYAIONIUNCA COTJIaCOBAaHHBIM
YYeTOM BCEX 3HAUYAIINX TEXHOJOTUIECKUX ACTIEKTOB ¥ X H3MEHEHUN BO BPEMEHH.

IIpakTnyeckasi 3HaYMMoOCTh  padoOTBl  3aKiO4aeTcss B pa3paboTke
TEXHOJIOTHYECKIX PEKOMEHAINH, MO3BOIIIOMUX dPPEKTUBHO IPOBOIUTH KAK XUMHUKO-
dbotorpaduueckyro 00pabOTKy, TaK U MPOIECC IEKTPOIN3a (PUKCUPYIOUTUX PACTBOPOB C
MUHUMaJTbHBIMA ~ TIOTEPSAMHU  cepedpa Ha  TMPOMBINUICHHBIX  KHHOMPEATPHUATHIX
(KUHOCTYIMSIX, KWHOKOMMPOBaJbHBIX (abpukax, B @QoromadopaTopusix) © B
KMHO1a00paTOpUsIX, UCIOJIb3YIOIIUX TaJoreHcepeOpsiHbIe MaTepUabl.

[TonyueHnHble B JucCCepTallMOHHOW paboOTe NaHHBIE O COJAEpKaHUU cepedpa B
MOJIMMEPHBIX ~ CJIOSIX KUHO(OTOMATEPHAIOB, HN300paKeHUU u 00pabaThIBAIOIINX
pactBopax 1mpu  (GOopMHpPOBaHHH  (POTOrpaPUUYECKOr0 HM300pKEHHUS  MO3BOJIHIIN
pa3zpaboTaTh HOpPMBI y4eTa U BO3Bpara cepebpa Ipu MOIy4dyeHUH (oTorpaduueckoro
n300pakeHusT Ha KHHOpOTOMATEepHalaX, MPU YTUIN3AIMH TEXHUYECKA H3HOIICHHBIX
(GUIBMOBBIX MaTE€pHaIOB, KOTOpPhIE BHEAPEHBI HA TPEANPUATHSIX KHHEMaTorpaduu
Poccuiickoit @enepanuu.

Pe3ysbTaThl, BBIHOCHMBIE Ha 3amUTy. [IpoBeneHHBIE B IUCCEPTAIIMOHHOU
paboTe TeopeTHdecKne W SKCIEPUMEHTAIBHBIC HCCIICIOBaHMS TO3BOJIIN BBEIHECTH Ha

34Ty CICAYIOIMNUC OCHOBHBIC ITOJIOXKCHUA
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- JJaHHBIE MO COJAEPKAHUIO cepedpa B COBPEMEHHBIX KHMHOGOTOMAaTepHaliax pa3inyHOTO
Ha3Ha4YeHUS U B (pororpaduueckoM n300paKeHUH MpH ero GOpMHUPOBAHUH B MPOIECCE
XUMHKO-(poTorpapuyeckoil 00padboTKu;
- METO/Ibl YIIpaBJIeHHs MPOLECCOM XUMHUKO-poTorpaduueckoit 00pabOTKH KHHOIUIEHOK B
COBPEMEHHBIX MPOSABOYHBIX KOMIUIEKCaX C YYE€TOM CHHUKEHHUS IPOLEeHTa 0e3BO3BPATHBIX
oTeph cepedpa;
- KOHCTPYKTHBHBIE pEUICHUS IIOCTPOEHHUS IIpoliecca pereHepanuu (QUKCUPYIOMUX
pPacTBOPOB METO/IOM 3JIEKTPOJIN3A.

JInunblii Bkaag aBropa. Hacrosimas pabota BblnosiHeHa HA Kadeape HaydyHOU u
npukiaanoit pororpaduu Cankr-IlerepOyprckoro yHuBepcuTeTa KUHO U TEJICBUICHUS B
COOTBETCTBUHU C IJIJAHOM HAay4YHO-HCCIIEIOBATEIbCKUX paboT Kadenpsl mo temam Ne205,
Nel78, Nel5.03.03, 15.03.04, Ne1744-01-15/68, Nel2-06-82. Bce BKIIIOYEHHBIE B
JMICCepTallMI0 JaHHbIE IOJYYEHBl JIMYHO aBTOPOM WM IPU €ro HEMOCPeICTBEHHOM
y4acTUU. ABTOPOM OCYILIECTBJIEHO OOOCHOBaHUE BbIOOpA MCCIEAOBAHUS U MPOBEACHBI
AKCIIEpUMEHTANIbHbIE HcciaeaoBanus. [IpoBeeH aHanmu3 M MHTEpHpeTanus MOoJIy4YeHHBIX
pe3ynbratoB. CopMyIupoBaHbl OCHOBHBIE BBIBOJIBI U IOJIOKEHHS, BBIHOCUMBIE Ha
3aIUTY.

Anpodauusi padorbl. Marepuaibl AWCCEPTALMU JIOKJIAJIBIBAINCh HA HAyYHBIX
ceMUHapax Kadeapbl HayuyHOU U npukiaaHon ¢ororpaduu B nepuoa 1985-2007 rr. u Ha
HayuyHO-TexHu4eckux KoHgpepenuusx JIMKM u kunoopranumzauuit B 1981 r., 1984 r.,
1986 r. Pe3ynbTarhl auccepTallMOHHON pabOThl UCHONB3YIOTCS MPU YTEHUU JIEKLIUNA U B
7a00paTOPHBIX  MpaKTUKyMax 1o aucuuiuimHaM  «OcHOBBI  ¢oTorpaduyecKux
MIPOLIECCOBY, «Xumuko-pororpapuyeckas o0OpaboTka CBETOYYBCTBHUTEIBHBIX
MaTepHuanoBy, « TexHomorus o0paboTku KuHOpoTOMaTepHanoBy». OCHOBHBIE pe3yIbTaThl
IMCCEpTAllMOHHOW palbOThl HAILIM TNPUMEHEHHE B pa3paboTKax pPYKOBOISAIIMX
TexHuueckux wmatepuanoB 19-80-80, 19-80-88, B pa3zpaboTke yHHMBEpCAJIbHBIX
MPOSBOYHBIX MAIIMH JUIsI XUMHUKO-poTorpaguueckod o0pabOTKM MEIUIUHCKUX
MaTepuasoB. TexXHOJNOTHYEeCKWe PpEeKOMEHJAluu, pa3paboTaHHbIE  COUCKATENIEM,
peanmnzoBanbl B ['ochunemodonne PO, OOO «Jlenunrpaackas kuHopabpuka» U B
MEIUIMHCKUX IIEHTpaX TMpU TOJYyYEHUH U300paKeHus Ha PEHTT€HOBCKHX

dboToMarepuaax.
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O0bem u cTpykTypa padorsl. [uccepranys COCTOMT U3 BBEACHUS, IATH IJIaB C
BBIBOJIAMHM 10 KaXJOH UX HHUX, 3aKIoueHuss U Oubnmorpaduueckoro cmmcka
WCIIOJIb30BAHHOM JIUTEPATyphl U COAEPKUT 172 CTp. MAIIMHONIMCHOIO TEKCTA, BKIIOYAET
22 pucyHka, 41 tabnuiy u 6ubauorpapuyeckuil CIMCOK KCIOJIb30BAaHHOW JIUTEPATyphl

n3 101 HaumMeHOBaHMA.

KPATKOE COAEPKAHUE PABOTbI

Bo BBegeHnu 000CHOBaHa aKTyaJbHOCTb TE€MBI JHCCEepTallid, cPopMyIupoBaHa
neiab M 3aJauyd HCCIEJOBAHMM, J1aHa OIEHKAa HOBU3HBI M MPAKTUYECKOW IIEHHOCTHU
MOJIYYEHHBIX PE3YJIbTATOB

B nepBoii riaBe nmpoBeleH aHAIM3 JIUTEPATYPHBIX UCTOYHUKOB, MOCBSIICHHBIX
BOIIPOCaM, CBSI3aHHBIM C NOTpeldiieHneM cepebpa B kuHemarorpaduu, gororpadpuu u B
pa3IUYHBIX O0JacCTIX HAYKH W TEXHUKH, C €ro BO3BpaTOM U3 00pabaThIBAIOIINX
pPacTBOPOB U TEXHUYECKU W3HOUIEHHBIX (PMIBMOBBIX MATEPUATIOB.

B nepBoii yactu riaBbl MPUBOAATCS CBEACHUS 110 MUPOBBIM IOCTaBKaM cepelpa,
N00bIY€ €r0 OCHOBHBIMU CTpPAaHAMU-NPOU3BOJUTEISIMU U TMOTPEOICHUIO Pa3TUYHBIMU
o0nacTsIMM TIPOMBIIUIEGHHOCTH Ha OCHOBe craTtuctuueckux gaHHbix CPM  Group.
bnarogaps cBOMM yHHKaJbHBIM CBOMCTBaM, cepeOpo SBISETCS YpPEe3BBIYAMHO Ba)KHBIM U,
BO MHOTHX CJIyyasx, IOKa HEU3MEHHBIM MPOMBIIUICHHBIM CBHIpbeM. B cTpykType
MHPOBOTO CIpoca Ha cepedpo POTOMHIYCTPHS 3aHUMAET OJHO U3 BEAYLIUX MECT, TIOUYTH
30% mpuxomutcsa Ha 3Ty chepy HeATeTbHOCTH, HECMOTPsS Ha HEKOTOPOE CHHUKCHUE
CIpoca B CBSI3U C pacUIMpeHHeM pblHKa IudpoBoil dotorpaguu. CUCTEMbl XUMHUKO-
dbotorpaduueckoit 0OpabOTKH (UILMOBBIX MaTEPHUATIOB SBISIOTCS HWCTOYHUKOM ISt
pereHeparuu cepedpa, 4To MOXKET CITOCOOCTBOBATh SKOHOMUHU cepedpa B MUpE.

Bo BTOpoil uWacTu mnepBOM TIJIaBbl PACCMATPHUBAIOTCA Ppa3IMYHbIE CIIOCOOBI
pereHepanuu cepedpa U3 cepedpocoepKalliXx pPACTBOPOB, HCIOJB3YIOIIUXCS B
mpoiieccax XUMUKO-(poTorpadguieckomn o0paboTku MTOJTMMEPHBIX CJIOEB
KMHO(OTOMATEPHAJIOB, a TaKXKe M3 TEXHUYECKH H3HOIICHHBIX MaTepuajoB U OTXO/OB
KMHOIUIEHOK. Oco0oe MECTO B JJaHHOM 4acTU OTBOJUTCS 3JEKTPOJIUTHUYECKOMY METOAY
u3BJIeUEHUsl cepedpa U3 (UKCHPYIOUIMX PACTBOPOB KaK IIMPOKO NPUMEHSIEMOMY B
naboparopusix M 1LexaXx oOpabOTKM KHUHOIUIEHKM Ha TNPEINpHUITHSIX OTPACIIH.

PaccMOoTpeHbl Kak TeOpeTHdYecKHEe OCHOBBI IIpoliecca dJEKTposin3a U (aKTOpHl,
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BIUsIONME Ha ero 3¢G(EeKTUBHOCTh, TaK M ammaparypHoe odopmiIeHHE Tpoliecca.
[IpoBenen ananu3 pabOTHI ANEKTPOIUIHBIX BAHH PA3IMYHBIX THIIOB, SKCILTYyaTHPYEMBIX
Ha KUHOMPEANPHUIATHAX OTpacid. JlaH KpUTHYECKHH aHalIW3 METOAaM pereHepamuu
cepebpa U3 cepedpocoAepKaluX MPOMBIBHBIX BOJ. YTO KacaeTcs yTUIU3AINHN
TEXHUYECKH M3HOIICHHBIX CEpedpOCOoepKAINX MAaTEPHAIOB, TO B HACTOSIIEE BPEMs HET
MOJIHOTO MpeacTaBieHus: 00 3 PEeKTUBHOCTH KaxX10TO U3 MeTo0B. He nckitoueHo, 4yTo
IUTS pa3TUYHBIX BUJOB HWCIOJIB30BAaHHBIX MOJMMEPHBIX MaTEPHATIOB MOTYT OKa3aThCs
eJIeCO00pa3HBIMH pa3HbIe METO B U3BIICUCHUS U3 HUX cepedpa.

B cBs131 ¢ pacmupennemM accopTuMeHTa KHHO()OTOMATepHaIoB HOBOTO TTOKOJICHHS
W TIOSBJICHHMEM HOBOTO TMPOSBOYHOTO OOOpYyJAOBaHHUS BOMPOC BO3BpaTa cepedpa
3aCIyKHBaeT MPHUCTAIHLHOTO BHUMAaHUS, MPUYEM OIpEACIICHHE COAep)KaHus cepedpa B
MOJINMEPHBIX CJIOSI KUHOQOTOMATEpUaoB M B 00padaThIBAIOIIMUX pacTBOpax IpH
dbopMuUpOBaHNH H300paKCHUs TO3BOJSET pa3pabaThiBaTh HOPMATHBHBIE TOKYMEHTHI,
perIaMeHTUPYIOIINE BO3BpaT cepedpa Ha KHHOTIPEATIPHITHSIX.

Bo BToOpoii riaBe npHUBEACHO ONUCAaHUE pa3pabOTaHHBIX B JAHUCCEpPTALUU
METOJMK, KOTOPBIE TIIO3BOJIIIOT TPOBOJUTH O0OCJTEIOBAaHUE CHCTEM HCIIOJIb30BaHUS
cepebpocoaepKalIuX pacTBOPOB Ha KUHOMPEIANPHUSATHUSIX OTPACIH, ONPEACIATh MOTEpU
cepebpa mpu monydeHuUH (ororpaduueckoro u300pakKeHUST B TMOJUMEPHBIX CIIOSX
KMHO(OTOMATEepHaNoB, MOTEpU cepedpa B Mpoliecce pereHepanuu cepedpocoaepramnx
PacTBOPOB U YTUJIM3AIMHA TEXHUYECKH H3HOIICHHBIX (PMIIBMOBBIX MaTEpPHAIIOB.

Pesynbratel  oOcreoBaHuS KUHONPEONPUATANH  KHHEMarorpapuu  HalLIH
OTpakeHHe IpPU pa3paboTKe PYKOBOIANINX TeXHUYECKUX MarepuanoB 19-80-80 u 19-80-
88  «®Dukcupyrolmue pacTBOpbl U cepebpocojepikaimias — MNpPOMBIBHas  BOJA.
TexHonornueckuii periaMeHT MpPOLECCOB OCakIeHUs cepedpa U pereHepanuu
(GUKCUPYIOIIMX  pacTBOPOB», KOTOPBIA 70  HACTOSIIETO BPEMEHU  SIBISIETCS
oOIIeNTPU3HAHHBIM.

B nmaHHOW TnaBe NPUBOAATCS pacyeThl yKa3aHHBIX BEJIMYMH HAa OCHOBaHHH
AKCIIEPUMEHTAILHBIX JaHHBIX, MOJTYYCHHBIX Ha PAJE TPEANPUATHI, TPOU3BOIIIMINX KaK
XUMHKO-poTorpaduyeckyto 00paboTKy KHHO(POTOMATEepHaloB, TaK M  HM3BJICUYCHUE
cepebpa u3 cepedpocoiepKalmnx 0TX0I0B.

B cBs3M Cc TmosBIEHHWEM Ha MHPOBOM DPBIHKE HOBBIX COBPEMEHHBIX

kuHo(oTOMaTepuanoB  Beayuux  3apyoexnsix  ¢upm  Kodak, Fuji, Agfa,
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YHUGUIMPOBAHHBIX MPOIIECCOB XUMUKO-(oTorpadguueckoit 0opadotku anst Hux ECP-2E,
ECP-2D, ECN-2, D-96, D-97, mnosiBUIOCH M HOBOE BBICOKOIIPOU3BOIUTEIBHOE
MPOSBOYHOE 000PYIOBAaHUE C MaJIbIM YUCIOM 0aKOB B (PMKCAKHBIX cUCTEMax (OT OJHOTO
no tpex). Tak, Hampumep, nposiBouHble MamuHbl «Photomec» (Anrmus), «Filmlaby»
(ABctpanus), «Filmline» (CIIA), «Debrie» (®panius), KoTopble B MOCiIeIHEE BpeMs
HIMPOKO BHEJIPHUIIUCH B IleXa 00pabOTKH KUHOCTYIUN M B KUHOJIAOOpaTOPUH, COJEpKaT
1o 0JIHOMY (UKCa)XHOMY Oaky. BriepBbie IpOBOIMIIOCH OIpeieeHUE BEIMYMHBI TIOTEPh
cepebpa B yKa3aHHBIX MPOSBOYHBIX Komruiekcax B 2005 romy Ha ['ochunmbmodonme
Poccun.

B nanHoi1 rmaBe npuBeaeHbI SKCIIEPUMEHTaNIbHbIE JaHHbIe (puc.1-5) mo cpeanemy
collep’kaHuI0 cepebpa B COBpPEMEHHBIX KHHO(OTOMaTepuanax, B H300pakeHUH U
oOpabaThIBalONIUX pacTBOpax mpu (GopMUpoBaHUHU (HOTOrpaduuecKoro HU300paKeHUSI.
CornacHo npuBEACHHBIM JaHHBIM, KUHO(OTOMAaTepuassl coiepxaT B uzoopaxenun 0,5 -
40% cepebpa OT HMCXOJHOTO KOJUYECTBA, COJAEPIKAIIETOCS B AIMYJBbCHOHHBIX CIIOSX
4epHO-0enbIx KuHopoTromarepuaioB. 60-99,5% cepebpa, HaXOASIIETOCS B MOJTUMEPHBIX

AMYJIbCUOHHBIX CIIOSIX KHHO(OTOMATepUasoB, NepeXosaT B 00pabaThIBaIOLIUE PaCTBOPHI.
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Puc.5. YepHo-Genble droTomartepumars cneumanbsHoro HasHavyeHns

B Tperbeil riaBe paccMaTpHUBAIOTCA  YCJIOBUS IPOBEACHHUS  IIpolecca
¢bukcupoBaHuss KUHO(OTOMATEpUAJIOB C MHUHHUMAJIBHBIMH TOTEpSMU cepebpa Uit
MOJIy4eHUS U300paKEHNUsI BHICOKOTO KayecTBa.

Pexum  ¢QuxcupoBaHus cudMTaeTCs TMOJHBIM, €CIM  MPOAOKUTEIHHOCTD
(buKcUpOBaHUS TPEBBIIIAET B JIBa pa3a BpPEMs OCBETJICHHUS SMYJIbCUOHHOTO CJOS U

nporecc (UKCUPOBAHUS 3aKaHUYMBACTCS B CBEXeM (UKCaxe, TO €CTh IpPUMEHEHa
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MPOTUBOTOYHAsI (PUKCaKHAsI crucTeMa. BHeapeHne BRICOKOCKOPOCTHBIX MajorabapuTHBIX
MPOSIBOYHBIX MAIllWH, (PUKCAKHBIE CHCTEMBI KOTOPHIX BKIIOYAIOT MAJO€ YUCIO OaKOB,
CO3IIaCT JIOTIOTHUTEIBHBIE TPYIHOCTH B PAIIMOHAIBHOM HCIIOJIB30BaHUN (DUKCUPYIOIIIX
pacTBOpoB. BakHeiimieil xapakTepuUCTUKOW I000N (PHUKCaKHON CHUCTEMBI SIBJISIETCA
BeJIMUMHA TOTeph cepebpa. B maHHOW TiaBe paccMOTpeHbI (DaKTOPHI, BIHSAIONIME Ha
BEJIMUMHY TIOTEPh cepedpa M Ha TEXHOJIOTUIECKHE XapPAKTEPUCTHKH (HPUKCAXKHBIX CHCTEM
C pasnuuHbIM 4uciIoM OakoB. JlaHHbie TaOm.l TOKa3BIBAIOT, KaK HW3MEHSIOTCS
YCTaHOBUBIIMECS KOHIIGHTpalMu cepedpa B cuUcTeMe (UKCHPOBAHUS IIBETHOMN
HETaTUBHOW KHWHOIUIEHKM OT KOHIIGHTpalmuu cepeOpa B pEereHEpUPOBAHHOM
(GUKCHPYIOIIEM pPacTBOpE, CKOPOCTH IMOJAaYH €ro B CHUCTEMy W KHHETHKH Mpolecca
(buKcUpoBaHUSL.

VYBenuueHne CKOPOCTH MOoJaud (PUKCUPYIOMIETO PacTBOpPa B MAIIUHY TO3BOJISET
CHU3WTH CPEIHIOI0 KOHIIEHTpaIuioo cepedpa B cucreme (Tabn.l). Bmecre ¢ stum
YMEHBIIIAIOTCS U moTepu cepedbpa. KonueHtpamus cepedpa B GUKCHUPYIOIIEM PacTBOPE
MocJelHero 0aka C POCTOM CKOPOCTH TPOTHBOTOKA ITOCTETICHHO CHIDKACTCS W, TPH
HEKOTOPOM 3HAYCHUH, CTAHOBUTCS paBHOM KOHIIEHTPAIIMU cepedpa B pereHepUpOBAHHOM
pactBope. HaumHast ¢ 3TOr0 3HaUCHMS, AajbHEHIIee yBEINICHHE CKOPOCTH IPOTHBOTOKA
y)Ke He U3MEHSET U HEe COKpaIllaeT YHOC cepedpa B MPOMBIBHYIO BOIY C MIOBEPXHOCTHOM
Binaroi. Tem He MeHee, OHO TNPUBOAUT K CHIDKEHUIO KOHIIGHTpaluu cepedpa B
(UKCUPYIOIIMX pPAcTBOpaX MPEANISCTBYIOMIMX OakoB, YTO B CBOK O4Yepelb,
CIOCOOCTBYET JIyYIIEeMY BBIMBIBAHHIO CEPEOPSIHBIX COJEH W3 IMYJIbCHOHHOTO CIIOSI U
MOJKET YMEHbINATh KOJIUYECTBO cepedpa, YHOCHMOTO H3 (PHKCa)KHOW CHUCTEMBI BHYTPH
MOJTUMEPHOTO CJIOSl TUICHKH, |, CIIEJJOBATEIIbHO, K YBEIMUYCHHUIO COXPAHSIEMOCTH
doTorpaduueckoro u300pakeHUs. VYBEIMUEHHE CKOPOCTH Mojauyd (UKCHPYIOIIETO
pacTBOopa B CHUCTeMy B OOJBIIMHCTBE CIIy4aeB yMEHBIIACT TMepemnaj KOHICHTPAIHiA
cepebpa MEXy MIepBBIM U MOCIEAHAM OakaMu. 3HAYUTEIHHOE CHIDKEHUE KOHIICHTPAIUN
cepebpa B TIEpBOM Oake SIBISETCS HEAOMYCTUMBIM, T.K. TPUBOAUT K YXYIIICHHUIO
mpolecca EeKTPOIH3a.

OnTrManbHON CIIEIYyEeT CYMTAaTh TaKylH CKOPOCTh IMPOTHUBOTOKA, MPHU KOTOPOMH
KOHIICHTpalus cepedpa B GUKCHPYIOIIEM pacTBope MociieHero 0aka OyaeT paBHa (WIu
J0CTaTOYHO OJIM3Ka) KOHIEHTpalluu cepedpa B pereHepupoBaHHOM pacTBope. [IpumepHo

ONTUMAJIBLHOM SIBIISIETCSI CKOPOCTh MOJa4 (PUKCUPYIOIIETO PacTBOPA B PEKUME 2.
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Tabmuma 1
Pacnipenenenne kontenTpaiuii cepedpa B (PUKCaXXHOM crucTeMe
No Cko- | Konmen- No KonnenTpamus cepedpa, Cucrema Cucrema u3
pe- | pocThb Tpanus Oaka, r/n u3 4-x 3-x
KHU- | IpOTH- | cepelpa B B 0aKoB 0aKoB
Ma | BOTO- | pEreHepu- | KOTO- 1 2 3 4 Kep | Ki/K | Kop Ki/K;
Ka, POBaHHOM | pPOM O6ak | Gak | Oak | Oak 4
/1000 | pactBOpe, | 3aKaH-
M /1 YHBa-
eTcs
OCBeT-
JICHHUE
1 2 3 4 5 6 7 8 9 10 11 12
1 40 0,7 2 5,6 | 4,0 1,4 | 09 [3,0] 62 | 3,7 4,0
2 80 0,7 2 32 122109 | 07 |1,8] 46 | 2,1 3,6
3 155 0,7 2 2,0 14108 | 0,7 |1,2] 29 | 14 2,5
4 80 0,7 1 3,2 1,0 | 0,7 | 0,7 | 1,4] 46 | 1,6 4,6
5 40 0,2 2 52 135109 | 03 [25]17,0]| 3,2 5,6
6 80 0,2 2 2,7 1,7 1 04 | 02 | 1,3] 13,5 1.6 6,7
7 155 0,2 2 L5109 0202 1]07] 7,5 |09 7,5
8 80 0,2 1 27 1 05 1 02 | 02 |09 13,5 ] 1.1 13,5

Cnenyer ormetutb, yto gomyctumbie PTM 19-80-88 konuenTpauuu cepedbpa B
pereHepupoBaHHbIX Pukcupyronmx pactsopax 0,7-0,8 r/n ciumikom Benuku. [Ipu Takmx
KOHIEHTPALMIX KaXJas ThICSYa METPOB IJIEHKH YHOCHT M3 IMOCJIETHETr0 (PUKCaKHOTO
0aka B MPOMBIBHYIO BOJIY OKOJIO YEThIPEX rpaMM cepedpa, UTO COCTaBIsieT MpuMepHO 2%
M0 OTHOUIEHUIO K COJAEpXaHUI0 cepedpa B MOJUMEPHOM ciioe MaTepuana. Haumydiume
ycioBUs (PUKCHPOBAHUS U HAUMEHBIINE OTEpU cepedpa B cUCTEMax MOKET 00eCIeunTh
MOHIKEHUE KOHIIGHTpAllMu cepedpa B PEreHepUpOBAHHOM (PUKCUPYIOIIEM pPacTBOpe
(pexumsl 5-8) U cOKpalleHle BPEMEHHU OCBETIICHHSI KHHOIIEHKH (pekuMbl 2 U 4, 6 u 8).

Harnganno BUAHO, YTO Mepexo]] OT UCIHOJb30BaHUS YeThlpexOauHOM (UKCaKHOM
CUCTEMBI K CHUCTEME, COCTOAIIEH W3 Tpex 0akoB, MPU COXPAHEHUH TEX K€ PEKUMOB,
3aMETHO yXyAUIaeT YCI0BHUs (UKCUPOBAHUS U IPUBOJUT K YBEIMUEHHUIO MOTEPH cepedpa.
Jl1st Toro 4ToOBI KOHIIEHTpAIUIO cepedpa B (PUKCUPYIOIIEM PacTBOpPE MOciIenHero O6aka
Tpex0auHON CHCTEMBI TIOJIEPKUBATH TaKOU ke, Kakoi OHa OblIa MpU JAHHOM PEXHME B
pacTBOpeE MOCJIeTHEr0 0aKa YeThlpeXx0auyHON CUCTEMbI, HEOOXOAUMO YBEIHUUTh CKOPOCTh
M0/IaYyl CBEXKEro pacTBOpa B MAIIMHY.

[loBceMecTHOE BHEApPEHHUE COBPEMEHHBIX IPOSBOYHBIX YCTPOHCTB C MajbIM
YHUCIIOM (PUKCAXKHBIX OAKOB MOKET MPHUBECTU K YBEIWYEHUIO MOTEph cepedpa. Pupmbi-

M3TOTOBUTENM PEKOMEHIYIOT NOJJEPKMBATh KOHIIEHTPALMIO cepedpa B pacTBOpE
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¢ukcaxnoro Oaka mo 1,0 r/m 3a cyer BCTPOGHHOTO B cHUCTeMy (UKCHUPOBAHUS
DIIEKTPOJM3Epa, B KOTOPOM pEreHepHpyeTcs 4dacTh cepedpa, IOCTYMAIOMIeTo U3
KrHOTUIEHKH. CIlieyeT OTMETHTh, YTO W TMpPH TAaKUX KOHIEHTpAIMsIX cepedpa Kaxkmas
THICS/Ya METPOB KHUHOIUICHKHM YHOCHT B MPOMBIBHYIO BOAYy OT 2 10 6% cepebpa 1o
OTHOIIIEHUIO K COJIEP)KAHUIO €T0 B IMYJIBCHOHHOM CJIO€, YTO MPH OTCYTCTBUU cOOpa ITOU
BOJBI TIPUBEAET K YBEIMUYCHUIO TIOTEpPh cepedpa W TOMaJaHuio cepebpa B
MIPOMBIIIIEHHBIE CTOKH.

W3 mpuBeNeHHBIX BBINIE JAHHBIX CIEAYET, YTO BO3MOXXHOCTH CHW)KCHHUS TOTEPh
cepebpa B MPOSBOYHBIX MAalIWHAX, UMEIOIIUX MaJlo€ KOJWYECTBO (UKCAKHBIX OaKoB,
BechbMa orpaHmdeHbl. OHH CBOJATCS K BBIOOPY ONTHMAIBHON CKOPOCTH TOJAaud
(GUKCUPYIOIIETO pacTBOpa B TMPOSBOYHBIE MAIIUHBI, MAaKCHMaJbHO BO3MOKHOMY
CHIDKEHUIO KOHIICHTpAIHiA cepedpa B pereHepUpPOBAHHBIX (PHUKCHPYIOMIUX PacTBOpax U K
W3MEHEHHWIO KMHETUKH Tpoliecca (UKCHPOBAHHUS TaKUM 00pa3oM, YTOOBI OCBETIICHHE
TJIEHKU 3aKaHUYMBAJIOCh B IEPBOM Oake (PUKCa)KHOM CHCTEMBI.

O6mme  moTepu  cepedpa B CHCTEME  KpPYroBOro  HCIOJIb30BaHUS
cepebpocoaepKalIuX pacTBOPOB COTIIACHO MOJTYYCHHBIM aBTOPOM JKCIIEPUMEHTAITBHBIM
JAHHBIM JOBOJILHO BBICOKHE U COCTaBIAIOT OT 13 1o 17% asis 4epHO-0enbIX KUHOIIIIEHOK
u ot 15 no 18% - s UBETHBIX KHUHOIUICHOK (BKJIIOYAsl MOTEPH NpPU pereHepanuu
¢bukcupyromux pactBopon 2-3%).

B nmaHHOW TnaBe mNpUBEICHBI OSKCIEPUMEHTAIBHBIE MAaHHBIE O COJCPKAHHUH
cepebpa, HAXOJIMIETOCS B OSMYJBCHOHHBIX CJOSX COBPEMEHHBIX KHHOIUICHOK TIpH
pa3nUyHBIX BpeMeHax ¢ukcupoBaHus. [lomydeHHBIE pe3ynbTaThl HWMEIOT BaKHOE
TEXHOJIOTHYECKOE 3HaueHHe s d(PPEeKTUBHOTO MPOBEICHUS Tpollecca Mpu pa3padoTKe
COBPEMEHHBIX MPOSBOYHBIX KOMIUIEKCOB C MaJIbIM YUCIIOM (PUKCAXHBIX 0aKkoB (puc.6-9).

BHyTpr 5SMyIIbCHOHHBIX CIIOEB KHHOIUIGHOK TIIOCIIE 3aBEpIIEHHS Ipolecca
(buKCUpOBaHUSL OCTaeTCsl JOBOJIBHO OOJbIIOE KOJIU4ecTBO cepedbpa - or 4 mo 16%
(puc.6-9). C opHOM CTOPOHBI, B DSMYJIbCHOHHOM CJIO€ HAaXOJATCA pPacCTBOPUMbIE
cepeOpsHOTHOCYIb(aTHBIE KOMIUIEKChI, 00pa30BaBIIMECs B Mpoliecce PUKCUPOBAHMS, a
C JPYTo# - 3TO MOTYT OBITH TIOBEPXHOCTHBIC YACTHUIIBI TaJOUIHOTO cepedpa, BHICOKO -

OHEPICTUYCCKU CBA3AHHBIC C (I)YHKIII/IOHaJ'H)HI)IMI/I rpymnmnamMu XeJaThuHa.
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Puc.7. CopgepxaHune cepebpa B aMybCUOHHBIX CIOSX YepHO-0enbIx
HeraTMBHbIX KMHOMMEHOK
—e—HK-2LU —a— ORWO UN-74 —a—A-2LU —e— KODAK 5222

OTO SBJICHHME MOXXHO Ha3BaTh BBICOKOH CTEMEHBIO AaMMPETUPOBAHHOCTH
MOBEPXHOCTH YacTHI] rajioreHujia cepedpa. bes paspyiienus 3Toro anmpera mpouecchl ¢
raJioreHu7oM cepedpa mpoxoaar HedhpekTuBHO, oHU TUDPY3HOHHO KOHTPOITUPYIOTCS
TOHYAWIIUMHU TUICHKAMU JKEJIaTHMHA, TMOKPBIBAIOIIMMHU O3TH YaCTHIBl. OJTO MOXKET
OOBSACHUTH BBICOKYIO BEIMYHMHY O€3BO3BpATHBIX MOTEPh cepedpa Mmpu (POopMHPOBAHUHI

n300pakeHusi B Ipoliecce XUMHUKO-poTorpaduueckoit oOpaboTku KUHOIIEHOK. Jlist
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kuHorieHok M3-3,UN-74, Vision2 500T npoaoiKuTeIbsHOCTh mpoliecca GUKCUPOBAHUS

H€O6XOI[I/IMO YBCIIMYHUBATH 10 TpOfIHOFO BpPEMCHU OCBCTIICHHA.
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Puc. 8.ConepxxaHue cepebpa B 3MybCUOHHBIX COAX YepHO-GenbIxX
KOHTPATUMHbIX KMHOMIEHOK
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Puc.9.CogepxaHue cepebpa B 9MyNbCUOHHOM CJl0€ LIBETHOW
HeratmBHoWM kmHonneHkn Kodak Vision 2 500T

CopepxaHne cepebpa B crioe, %

o

B nmaHHOW T7aBe TPUBEICHBI OKCIIEPUMEHTAIbHBIC JaHHBIE 10 COCTaBY
cepebpocoaepKalIiux pacTBOPOB, MPUMEHSIEMBIX Ui IOJNyYeHUs HW300pakeHus Ha
PCHTTEHOBCKMX MaTepwajaX B OTICIICHUW JIy4eBOW JHATHOCTUKH TOPOICKOTO
TyoepkynesHoro naucnancepa Cankrt-IlerepOypra. IlomydeHHble pe3ynbTaThl HaIUIA
OTpaOKEHUE B TEXHOJOTHUYECKUX PEKOMEHIAIMIX MEIUIIMHCKUM YUYPEKACHUSAM TI0
palMoOHAILHOMY — TIPOBEICHUIO  Tporecca (UKCHPOBaHUS H  TpH  pa3paboOTKe

YHUBCPCAJIBHBIX IPOABOYHBIX MAIIWH JJIA ITOJTYYCHUA PpCHTICHOIPpaAaMM.
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B  d4erBeproii rjaBe  paccMaTpUBAETCd  BO3MOXHOCTb  IOBBILICHUS
3¢(dEeKTUBHOCTH TIpollecca pereHepanuu  (UKCHPYIOIIHUX PacTBOPOB C  LEJbIO
YMEHBIIEHUS] OCTATOYHOM KOHILIEHTpaluu cepedpa B HUX. OTa KOHIIEHTpauus B
3HAUUTENbHOW Mepe ompenensieTr 3()PEeKTUBHOCT, pPabOThl (UKCAKHOW CHUCTEMBI,
0COOEHHO C MaJIbIM YHCIIOM 0AKOB B COBPEMEHHBIX MTPOSBOYHBIX KOMILIEKCAX.

CkopocTb U3BJICYEHUS cepebpa u3 (buKcUpyOMMX pacTBOpPOB
ANEKTPOIUTUYECKUM METOJOM MPAKTUYECKU HE 3aBUCHUT OT M3MEHEHMs TEeMIIepaTyphl B
uaTepBane 20-30°C U CyLIECTBEHHO MOBBIMIACTCS C POCTOM Temmeparypsl 10 40-50°C

(puc.10).
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Puc. 10. BnvaHue Temnepatypbl Ha NpoLECC 3MeKTponumsa B
ycrnoBusax KKo

—e—20°C, 30°C —e—40°C —e—50°C

B wunrepBane konueHtpauuii cepebpa B pactBope 2,5-1,0 1/, moBbllieHHE
TemmepaTypbl (ukcupyomero pactBopa 10 40°C cokpamaeT MpOIOKUTENBHOCTD
mpoIiecca JIEKTPOJIn3a MpUMepHO B 2 paza (puc.10).

[IpucyTcTBHE )XenaThuHA B pereHepUPYyEMOM PacTBOpPE B OOJIbIIEH CTENIEHU BIUSIET
Ha Mpolecc IeKTpon3a Guxkcupyrommx pactsopoB ¢ pH=4,3, uem ¢ pH=6,7. KauecTBo
MOJIy4aeMOro Ha KaToJe cepebpa 3aBUCUT OT KOHLEHTpAalMM JKeJaThHa B

pereHepupyeMoM pactBope (Tabdm.2).

Tabmuma 2
[TapameTpsI mporiecca JEeKTPon3a (PUKCHPYIOMUX PACTBOPOB C PA3IIUIHBIM COJICPIKAHUEM
KeJlaTuHa
Conepxanue Brixon cepebpa mmo Toxy, % KonnuecTBo cepebpa B ocanke, %
KenaTuHa, r/1 pH=4,3 pH=6,7 pH=4,3 pH=6,7
1 2 3 4 5
0 84 78 90,0 91,8
0,01 62 78 96,9 97,9
0,1 62 76 95,8 94,6
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Pe3ynbTaThl 9KCIIEpUMEHTA MO3BOJISIIOT PEKOMEHA0BATH IIeXaM 00paOOTKH IJIEHKU
KMHOCTYIMA WU KWUHOJIA0OpaTOpUsM JUId YJY4YIIEHUs KadyecTBa 3JIEKTPOJIUTUYECKOTO
cepeOpa BBOAWUTH KelnaTuH B konumdectBe He Oosee 0,001 r/m, T.x. B mpouecce
(UKCUpPOBaHUS YaCTh JKEJATHHA U3 SMYJIBCHOHHOTO CJIOSI IJICHKU MEPEXOIUT B PacTBOP,
UYL Ha pETeHepanuio.

B pesynbTaTe wuccnenoBaHus YCTaHOBJIEHO, YTO MAaKCHUMallbHas CKOPOCTh
W3BJICUCHUS cepedpa U HauOoJIbIlIee 3HAUYCHHE BBIXOJa cepebpa Mo TOKYy HabIrogaeTcs
IpU 3JEeKTpoiu3e ¢ukcupyromero pactsopa ¢ pH=6,0, mpuuem 5Ta 3aBUCHUMOCTH
COXpaHsieTCsl MPU BCEX MCCIIEyEMbIX IJIOTHOCTAX TOKa (puc.11).

CrnenyeTr OTMETHTb, UTO B PsiJi€ CIy4aeB, MPU KOHLEHTpALHIX cepedpa B pacTBOpe
2,25-1,85 1/n BbIXOABI cepeOpa 1o Toky npeBbimaroT 100%. DTo 00bACHIETCS TEM, 4TO
Hapsily € DJEKTPOJIUTHYECKHMM BOCCTAaHOBJIEHMEM cepedpa Ha KaToje HAET M YHCTO
XUMHYECKOE €ro BOCCTAHOBJIEHUE, KOTOPOE MHUIMUPYETCS HAJIMYHUEM DIIEKTPUYECKOTO
nosisi. CornacHo [8] OCHOBHBIM XMMHYECKHMM BOCCTAHOBHTENIEM cepeldpa B Ipoliecce

QJICKTPOJIN3a ABJIACTCA TUTUOHUT.

1,2
14

0,8 7 /k\‘
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0,4 ./.\_\.\.

q, /v

0,2 h ’/\ ® ®
0 T T T T T 1
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Puc.11. BnnaHue pH dwkcupytoLwero pactesopa Ha
NPOU3BOAUTENBHOCTL 3MIEKTPONN3HON BaHHbI

2 2 2
—e—B=0,10 A/nm —a—B=0,19 A/am —— B=0,30 A/gm

OKcrepuMEHTaJbHble JaHHbIE O BIMSHUM HEKOTOPBIX KOHCTPYKTHUBHBIX
OCOOCHHOCTEM AJIEKTPOJIM3HBIX BaHH C BpallalOMIMMHCS KaToJaMU Ha IIpoLecc
ANEKTPOJIMTUYECKOTO U3BJICUEHHs cepebpa U3 (PUKCUPYIOUIUX PacTBOPOB MOKA3bIBAIOT,

49TO CKOPOCTH JJICKTPOJIH3a TEM BBIIIC, YEM OoJbIIIe pacCToOAHUE MCEXKAY INTaCTUHAMHU
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(puc.12) u BblIE CTENEHb MEPEKPBITUS KATOAHBIX IUJIACTMH aHOIHBIMH (puc.l13).
MaxkcumanbHasi CKOPOCTh M3BJICUEHUs cepedpa HaOIogaeTcs Mpu COOTHOLICHUH
IIouae aHona u karoja paBHoM 1,2:1. 9To 00CTOATENBCTBO HEOOXOUMO YUUTHIBATh

pu pa3paboTke HOBBIX KOHCTPYKLIHN AEKTPOJIU3HBIX YCTaHOBOK.

w
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KoHueHTpauusi cepebpa, r/n
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o o
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Bpems, MmuH
Puc.12. UsBneveHune cepebpa u3 dmKcupytoLLero pactsopa npu
pasnMyHbIX PAaCCTOAHMAX MeXAy 3feKkTpogamu
——20 MM —a— 50 Mm —&— 90 MM

N
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Bpewms, muH
Pwnc.13. BnusaHne nnow,agy aHoga Ha npouecc 3rekTponmaa
—e— AHOAHbIE NMACTVHbI YBENMYEHHOro pa3Mepa (No AaHHbIM NepBON Cepun OnbIToB

KoHueHTpauusi cepebpa, r/n
o A LN O W
|

—=— AHOAHbIE MMACTUHBI YMEHbLUEHHOro pasmepa (I'IO AaHHbIM BTOpOI;I cepun onbIToB

B pnanHOW rnaBe NpUBEAEHBI HSKCHEPUMEHTAIBHBIE JAHHBIE MO W3BJICYEHUIO
cepebpa 13 (GUKCUPYIOIIMX PACTBOPOB, MPUMEHSEMBIX ISl XUMHKO-(oTOorpaduueckoit

00paboTKu  KHHO(POTOMATEPHAJIOB  CICIUMAIBLHOTO  Ha3HAYeHUS B  OOJBHHUIIAX,
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MOJIMKIIMHUKAX, TUnorpadusx, 3aBOACKMX J1a0opaTopusx, KOTOpbIE COJepKaT
JOCTaTOYHO OO0JIbIIIOE KOJIMYECTBO cepedpa U UMEIOT Pa3IMUHbIM XUMHUYECKUN COCTAB.

[Tony4yeHHble pe3yabTaThl MO3BOJWIA  MPEUIOKUTh  PALMOHAIBHBIA  PEXKUM
mpouecca 3JEeKTpoin3a MOAOOHBIX (UKCHUPYIOIIUX PAacTBOPOB U MOBBICUTH cOOp
BTOPUYHOTO cepedpa Ha MpeaArpUsITHH.

B raaBe 5 paccMmarpuBarOTCs TEXHOJOTMYECKHME OCOOEHHOCTH yueTa M BO3BpaTa
cepeOpa B yCIOBUSAX NMPOU3BOACTBA. DKCIEPUMEHTANIbHbIE NaHHbIE, MPEICTaBICHHbIC B
NpeabIAyIINX TJlaBax AUCCEpTallM, HCIOJIb30BAHbI ISl pa3pabOTKU HOPM BO3BpaTa
cepebpa mpu XuMHuKo-poTorpadhudeckoim 00paboTKe KUHOIIJICHOK ISl IIEXOB 00paboTKH
TIeHKU KuHocTyui, ['ocpunbmodonga Poccun, OI1 HUK®U u Bcex mpoMBIIIIEHHBIX
MpeAnpUATUH, UCTIOIB3YIOUIUX KHHO(POTOMAaTEpUaIbl.

B Tabnuue 3 mpuBeAeHbl KCIEpUMEHTAJIbHBIE JAHHBIE 1O BEJIMYMHAM IOTEPh
cepebpa kKak B mporecce XuMuko-ororpadudeckoir 00paboTku KMHO(POTOMATEPHATIOB,

TaK U B IIPOLECCC YTUIN3AIIUU MAaTCPUAJIOB.

Tabnuua 3
Benuunnbl 6€3B03BpaTHBIX IOTEPD cepedpa
[Tpornecc Benrunaa roteps cepebpa , %

1 2
Pereneparus pactBopoB mpu oo6padboTKe:
YEpHO-0ENIBIX MaTEPHATIOB 2
LBETHBIX MaTE€pPUAJIOB 3
Xumuko-gororpapuyeckas oOpadoTKa:
(B TpakTe MpOsSIBOYHOIO KOMILIEKCA)
- IIBETHBIE ITIO3UTHUBHBIC KHNHOIIJICHKN 12,0
- [IBETHEIE HETaTUBHLIC 15,0
- YepHO-0€eJIble O3UTUBHBIE 11,5
- YepHO-0eJIble HEraTUBHbIE 15,0
- YepHO-0€eJIble KOHTPATUITHBIE 14,0
- IBETHBIE KOHTPATUITHBIC 15,0
- HeraTUBHbIE (POHOTPaMMHBIE 11,0
- MIO3UTUBHBIE (POHOTPAMMHbIE 13,0
Xumuko-gororpapuyeckas oOpadoTKa:
(OTOIIIEHOK PYYHBIM CIIOCOOOM 15,0
(dhoToOymar pyqHbIM CII0COO0OM 12,0
KUHOIUICHOK B IPOSBOYHON ammapaType Ha
npennpusaTusax «kpad By 17,3
OTtbenuBaHue WIN CMBIB 3MYJIbCUU 3,75
Coxuranue 8,0

*_ 10 OTHOLICHHIO K COACPIKAHUTIO cepera B HEOKCIIOHMPOBAHHOM MaT€puajic
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OcHoBHBbIE pPe3yJIbTaThl padoThI:

1. VYcraHnoBieHo, dUYTO coOJepkaHHEe cepedbpa B M300paKEHUU Pa3IUUYHBIX
COBPEMEHHBIX CBETOUYBCTBUTEIBHBIX KMHO(pOTOMaTepuanoB koineodnerca ot 0,5 1o
40 1/1000 M, uro coctaBuser 0,5-40% oOT ucxogHOro KojJudecTBa cepedpa B
aMynbCcHOHHOM  cioe. Octampubie  60-99,5%  cepebOpa, Haxopgsmierocs B
OMYJIBCHOHHBIX CJIOAX KHHO(OTOMATepHuajoB, MEPEeXOJsIT B 0OpabaThIBaroIIne
pacTBOpBl. DTH JaHHBIC MO3BOJIIOT MPOU3BOJUTH TEXHOJOTHUYECKHE PACUETH BCEX
00pabaThIBAIONIMX CHUCTEM MPOSBOYHBIX MAIIUH W ONPEICTSATh HOPMATHUBHBIC
BEJIMYMHEI BO3BparTa cepedpa.

2. Pa3zpaboraHbl METONMKHM OOCIEOBaHUS CHUCTEM cepebdpocoaepKalux
pPacTBOPOB Ha KHHONPEINPHUATUSIX OTPACIH; OHU MO3BOJWIA ONPEICITUTh BETHUNHBI
0€3BO3BpaTHBIX TMOTEPh cepebpa Tpu XuUMHUKO-(hoTorpaduueckoit oOpaboTke
KHHO(POTOMATEPHATIOB, B TPOIIECCE PEreHEepaIlui cepedpocoaepKalIuX pacTBOPOB H
NpHU W3BJICYCHUU cepedpa M3 TEXHWYECKH W3HOIICHHBIX (PHIBMOBBIX MaTEpUAIIOB.
be3Bo3BpaTHBIC TOTEPH COCTABIISIOT:

- Ipu XUMHKO-(oTorpadpudeckoit oopadorke 11-17,3%;
- B TIpOIIeCcCE pereHepaluu cepedpocoaepKaiux pacTBOpoB 2-3%:;
- IpY YTWJIN3ALUHA TEXHUYECKH U3HOLIEHHBIX (PUIBMOBBIX MaTepuanoB 3,75-8%.

3. IlpoTuBOTOUYHBIE CHCTEMBI (PUKCHpPOBAHHS OOYCIOBIMBAIOT COKpPAIICHHUE
KOJIMYECTBA cepedpa, TepseMoro B Ipoliecce XUMUKO-poTorpaduyeckoii 00paboTKu
KAHOTUIEHOK. Pa3paboTaHbl TEXHOJIOTHYECKHE PEKOMEHIAINHN C LEIbI0 YIyUIICHUS
pexxnMa (PMKCHPOBAHUS M COKpAIICHHUsS MOTeph cepedpa B MPOSBOYHBIX MAalIMHAX C
MaJIBIM 4YHCIOM OakoB. YCTaHOBIEHO, YTO B AIMYJIbCHOHHBIX CIIOSIX KHHOIUICHOK
octaetcs 110 4-16% cepebpa, CBA3aHHOTO JKEIATUHOM, YTO OOBSICHSIET CTOJIb BBICOKHE
BEJIMYMHBI IOTEPH cepedpa B Mpolecce NX XUMHUKO-(poTorpaduyeckoit 06paboTKu.

4. OOcnenoBaHue cHCTEM cepeOpocoAepKalluX pacTBOPOB TMPU  XUMHUKO-
dboTorpaduueckoit 00paboTKe PEHTIEHOBCKUX dhoTomaTepuanon B
CTHECIMATM3UPOBAHHBIX MEAYUYPEKACHUSIX TO3BOJIMIO PEKOMEHIIOBATh IOBTOPHOE
npuMeHeHHe  (HUKCHPYIONMIET0  pacTBOpa  TIOCJIe  W3BIEYEHUs  cepedpa U
«IOYKPEIUICHHs» €ro M0 HMCXOTHOTO COCTaBa, a TaKXKe IMPOHU3BOIUTH KOHTPOIH

KOHIICHTpAIMH cepedpa B cepedpocoiepKaliiux pacTBopax.
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5. UccnenoBanue BAUSHUS TEMIEPATyphl (PUKCHPYIONIETO pacTBOpa B IPoIIecce
BJIEKTPOJM3a II03BOJIWIO YCTAaHOBUTh, UTO IOBBIICHUE €€ 0 40°C NPUBOJUT K
COKpAILEHUIO TpOoIecca pereHepanuu Mmo4TH B JBa pasa, Ipyu 3TOM 3HAYEHHE BbIXOJa
cepebpa 1o ToKy B cpeaHeM yBenununBaercs Ha 30-40%.

CKopocTh U MPOJOIKUTENBHOCTh 3JIEKTPOJIN3a, a TaKKe BBIXOJ cepedpa 1Mo TOKY
M KauyecTBO OcCaJka B OOJbIlIel CTENEHU 3aBUCAT OT KOHIEHTpAlMM >KeJaTHHa B
¢ukcupyromux pacrsopax ¢ pH=4,3, yem B pukcupyromux pactsopax ¢ pH=6,7.

[Ipouecc »sraexTponmsa mnporekaeT »3ddekruBHee mpu pH dukcupyromero
pactBopa okoio 6,0. YcTaHOBIEHO, YTO KOHUEHTpauus cepedpa, Mpu KOTOpOH
HACTYyMaeT TMpOLEeCC «OCEpHEHUs» (UKCUPYIONIMX pPacTBOPOB, BO3pPACTaeT C
yBenuueHueM pH U miIoTHOCTH TOKa Ha KaToJe.

O¢ddexTuBHOCTH Tpolecca 3JIEKTPOJIM3a 3aBUCUT OT CTENEHH SKPaHUPOBAHUS
KaTOJOB AJIEKTPOJIM3Epa aHOAHBIMU IUIACTUHAMH, YTO HEOOXOJWMO YUYHUTHIBATH MPHU
KOHCTPYHUPOBAHUH HOBBIX TUIIOB JIEKTPOIU3HBIX BaHH.

6. Pe3ynmprarel  HMCCIIEIOBAaHMI,  BBIIOJIHEHHBIX  aBTOPOM B paMKax
IMCCEPTAllMOHHONW pabOThl, MOCIYKWJIM OCHOBOM JUIs pa3pabOTKHM U BHEIPEHUS
HOPMAaTHBHBIX JIOKYMEHTOB, PETJIaMEHTHPYIOLIUX BO3BpaT cepedpa Ha MpeAnpUsSTUIX

kuHemaTtorpaduu Poccuiickoit @eneparuu B nepuos ¢ 1976 mo 2005 rr.
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