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KAIMUAAAPHO-TTIOPHCTBIE CBC-MATEPHAADI
ANA OUABTPALUNHN (KUJIKOCTEHN U I'A30B

N.N.BOPOBUHCKAA, o-p xum. Hayk, npod.;
A.'MEP>XAHOB, akagemnk PAH, B.1L.YBAPOB, kaHA. TexH. HayK

[ns ocylecTBneH1s NpoLeccoB pa3geneHns 1 o4m-
CTKM XXMOKOCTEN N ra30B OT MUKPO- N MaKpo3arpsasHeEHUN
B XXMOKUX CUCTEMAX NMPUMEHSIIOT Takme MeToAbl, Kak ne-
peroHka u pekTudukauus, aKCTpakums 1 agcopouus.
OpaHako Hanbornee yHBepcarbHbIM 1 3Heprocbeperato-
LLIMM METOLOM Pa3ferieHNs U O4UCTKM SBNFETCS MeTop, C
NCMoNb30BaHMEM NOIyNpPoHMLAeMbIX MeMOpaH. Tak, Ha-
npuMep, Pacxof 3NeKTPOSHEPTM Ha ONPeCHEeHNe MOopC-
KoV BoAbl MEMOpPaHHbLIM MeToAoM (06paTHBIM OCMOCOM)
cocTasnseT Bcero 2 - 2,5 kBT[H/M?, B To BpeMsi Kak Ha ee
ancTunnsumio TpebyeTcs 3aTtpatuTb aHeprum B 10 - 15
pas 6onbLue.

B xvmmyeckomn n HegpTeXMMUHECKON NPOMBbILLITEHHOC-
T MeMOpaHHbIe MeTOAbI NPUMEHSIOT AN pa3ferieHns
a3e0TPOMHbIX CMECEWN, OYNCTKM U KOHLEHTPUPOBaHNS pa-
CTBOPOB, OYMCTKN U BblAENEHNS BbICOKOMOSIEKYISIPHBLIX
COeaVHEHWIN N3 pacTBOPOB, COAEPXKALLMX HU3KOMOMEKY-
NSAPHbIE KOMMOHEHTHI 1 T.M.; B BUOTEXHOMNOrMN 1 Meau-
LIMHCKOWM NPOMBILLNEHHOCTU — ANSi BblAENEHWS Y O4UCTKN
O1onorM4ecKkn akTMBHbIX BELLIECTB, BaKUVWH, (hepMeHTOB
W T.M.; B MULLIEBOM MPOMBbILLIIEHHOCTUN — At KOHLEHTPU-
poBaHWsi PPYKTOBBIX 1 OBOLLHbLIX COKOB, MOMOKa, MOJTy-
YeHWs1 BbICOKOKa4YeCTBEHHOIO caxapa, OYMCTKN BUHHO-BO-
OOYHbIX n3genui 1 T.n. LLnpoko 6apomeMbpaHHble METO-
Obl NPUMEHSOT Npy 06paboTKe BOAbI M BOOHbBIX PacTBO-
POB, O4YNCTKE CTOYHbIX BOA.

HaunbonbLuee panpocTpaHeHne nony4nnm meMmopaHbi
C @HM30TPOMHOW CTPYKTYPOW (rPaaueHTHOM MOPUCTOCTLIO),
KOTOpble MMEIOT MOBEPXHOCTHbLIN TOHKONOPUCTbIN CrOM
TonwmHom 1—100 MKkM (Ha3bIBaeMbIi aKTUBHbIM UITA Ce-
TNEKTUBHBIM), MPEACTaBNALLMIA COOON CENEKTUBHBIN ba-
pbep, Ha 3TOM Crioe pa3aensitoTCs KOMMOHEHTbI CMECU.
KpynHonopucTtbii crion TonwmHon 100 — 1000 Mkm, Ha-
XOAALMNCA Mo, aKTUBHbLIM CIOEM, SBMASIETCA MNOANOX-
KO, NOBbILLIAOLLIEN MEXAHWUYECKYHO MPOYHOCTb MeMbpa-
Hbl. AHU30TPOMHAas CTPYKTypa MemMOpaH No3BONsieT pere-
HepupoBaTb X C MOMOLLIbIO 0BPATHOIO TOKa OYULLIEHHOW
YKNMOKOCTU uUnu rasa. B 3aBncnumocTm ot npolecca punest-
POBaHUS >XUOKOCTM NMPUMEHSIIOT MEMBpaHbI C pasfnyHON
BEITMYNHON MOP CENEKTUBHOTO CIOsi, HanNpumep:

Npouecc [vameTp nop akTMBHOrO Cosi, MKM
OGpaTHbIi ocMoC 0,0001-0,001
YrnsrpadounsTpaums 0,001-0,02
Mwikpodomnsrpaumst 0,02-10

EB—

CoBpeMeHHbIe UNBTPbI 4S5 TOHKOM OUUCTKU BO3MY-
Xa 1 TEXHONOTMYECKNX ra3oB OT AUCMIEPCHBIX MUKPOMNpU-
MeceW Takke MMEKT aHU30TPOMHYHO CTPyKTypy. OaHako
015 XapaKTepUCTUKM JaHHbIX MeMbBpaH, Kpome n3mepe-
HUS BENWYMHBI NOP U X pacnpeaeneHmnst, MPUMEHSIoT
TEeCTMPOBaHWE Mo MOAESbHbIM a3PO30f1bHbLIM YacTMLaM.
O6bI4HO Npu BbIbOpEe MeMOpaH HeO6X0AMMO 3HaTb 3g)-
(PEKTUBHOCTb MOPUCTOrO MaTepurana E, ConpoTuBrneHne
ra3oBOMY MOTOKY (Mepenag AaBreHns Ha MembpaHe) Ap
B CTaHAAPTHbIX yCrnoBusax. BenuumHy Ap BbipaxatoT B
nackansix BogsHoro ctonba npu CKOPoCTM TeYeHWs ra3a
yepes MmeMbpaHy U = 1 cm/c. Npn 3TOM ka4eCcTBO NOpU-
CTOro Matepuana xapaktepmsyeT oubTPauUmMOHHbIN No-
Kasaternb y=-lgK/Ap, KOTOPbIN HE 3aBUCUT OT TONLLNHbI
MaTepuana, a onpeaensieTcs nLLb ero CTpyKTypon (K=
1— E = N/N, — k03(p(pULMEHT NPOCKOKa YacTuL, T.e. OTHO-
LLEHMe KOHLeHTpaumm Yactuy, nocrne dounstpa N 1 o N,
E=(1-NIN,)d00 %).

CnepyeTt OTMETUTB,YTO MPOM3BOAMMbIE B HACTosILLEe
BpeMS OpraHnyeckue NonMMepHble unbsTpbl UMEKT Cy-
LLIeCTBEHHbIE HEOOCTaTKN: HU3KNE MPOYHOCTb, KOPPO3U-
OHHasi CTOMKOCTb, TEPMOCTOMKOCTb, OTCYTCTBME COpOLN-
OHHbIX CBOWCTB U T.4. BONbLUMHCTBO 3TWX HEAOCTAaTKOB
OTCYTCTBYET Y OUNBTPOB M3 MOPUCTBIX KEPAMMYECKMX
MaTepuarnoB, KOTOpble MCMOMb3YKTCSH, HaNnpUMep, Koraa
npouecchbl hunbsTpaumm, pasneneHns ra3os, pasfnyHbie
3MNEKTPOXMMUNYECKME MPOLIECChI U T.M. MPOBOAATCH NPU Bbl-
COKMX TemnepaTypax 1 B arpeccuBHbIX cpegax. Opyrne
MaTepuarnbl 30ecb OkasblBalOTCs HenpurogHeiMu. Oco-
ObIM MPENMYLLIECTBOM TaKuX (OUINETPOB SBMSETCA BO3MOX-
HOCTb UX pErEHEPUPOBaHNS MyTEM TEPMOOOPaBOTKM UK
NPOMBbIBKW KMCIIOTaMuy NGO APYrMU pacTBOPUTENAMM.

B HacTosLLEee Bpems LUMPOKO NPpUMEHSIETCA camopac-
MPOCTPaHSAOLLIMIACS BbICOKOTEMMNEPATYPHbIN cHTE3 (CBC)
HeopraHM4YeCcKnx BeLLEeCTB, KOTOPbIN YCMELIHO KOHKYpU-
pyeT C TpagnLMOHHBIMM NEYHBIMM METO4AMM MPY co3aa-
HUW NPOrPECCUBHON SHeprocbeperatowlen n 6e3oTxoa-
HOW TEXHOMOMMM MNOSTyYEHUs KepaMuKn, B TOM Yncrie no-
PUCTOR.

M3BecTHO, UTO ocyLlecTBneHne npoueccos CBC npu
OaBMNeHNN HpKe aTMOCHEPHOTO NO3BOMSET MONY4YUTL NO-
pYCTble MaTepuarbl Ha OCHOBE TyronsiaBKUX COEANHEHWIA.
Ha nprmepe rasoknHeTnyeckom mogenm 6biro nokasaHo,
4YTO NopucTasi CTPYKTypa, Hanpumep B cuctemax Ti—C,
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Puc. 1. UsmeHeHue memMnepamypbl WUXMmbI 8 pexxume
menoeo2o e3pbiea (0ns TiC)

Ti—2B, oGpasyeTcs B BOJIHE rOPEHNSA MyTEM BCMEHUBA-
HWSI XKMAKOro KOMMOHEHTa (MeTarna) NPUMECHbIM ra3o-
BblgeneHnem. OgHako MexaHu3M perynmpoBaHns nopu-
ctocTn CBC-maTepurarnos B LUMPOKUX Npedenax HegocTa-
TOYHO M3y4eH. Kpome Toro, He 6bin nccnegoBaH npouecc
nonyyeHnsi Matepurarna c rpagMeHTHON MOPUCTOCTBLHO.

Tak KaKk rmaBHbIM Anst UILTPOB ABMAETCA Hannune
CKBO3HbIX MOp (T.€. OTCYTCTBME 3aKPbITOM MOPUCTOCTN),
aBTopaM Nokasanoch LienecoobpasHbiM MPOBOANTL CUH-
Te3 NopUCTOro Matepvara He MeTo4OM NMOCIIONHOIO ro-
PeHMs, a B pexx1MMe TEMNIOBOro B3pbiBa (B 06beme obpas-
La), T.e. NCXOOHYHO LUMXTY BHELLUHMM HarpeBoM A40BoAU-
N oo TeMnepaTtypbl CaMOBOCMIaMEHEHWS, MOCIE Yero
NMPOVCXOAMIO CaMOMPON3BOSIbHOE FMOPEHNE LUNXThI MO
obbemy.

Ha puc. 1 npencraBneH Takom pexxum 4515t CUCTEMbI
Ti—C.

CTpyKTypy nosyyeHHbIx 06pasLoB nccrnegoBanu Ha
n3romax 1 metannorpaguieckmnx wWmdax ¢ NTOMOLLbIO
PacTpPOBOro 3reKTPOHHOro Mukpockona JOLE-733, xumu-
YecKuii cocTaB 00pasLIOB KOHTPONMPOBanM Ha nNpubope
Superprobe-733. ®a30BbIi aHaNn3 NPOBOAWIN Ha Ou-
dpakTomeTpe JPOH-3Mm, MexaHn4eckune cBONCTBa 0bpas-
LIOB ONpeaensnm Ha yH1BepcanbHOM AvHaMmomeTpe chup-
Mbl «MHCTPOH» (AHMKMS). MOpPUCTOCTL OLIEHMBAM METO-
[OOM rMgpoCTaTM4ECKOro B3BELLMBAHWS, IPaHyIALMIO UC-
XOAHbIX MOPOLLUKOB KOHTponupoBanu Ha npubope
Analisette-22.

BHauvane nccrnegosanu MexaHnam BIIMAHUSA Havarb-
HOM nopmcTocTu I LIMXTbI Ha MOPUCTOCTL MaTtepuarna,
Mony4eHHOro B npouecce cuHtesall .
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M3 onpeneneHna nopucToCcTM MOXHO HalTN CBA3b
Mexay NOPUCTOCTLIO xoaHoro obpasua I1 1 nopucTo-
CTbt0 06pa3ua, NoMy4YeHHOro Nocne CMHTe3a:

II=I1+1-II )o+9d,
K o o
max

mec:(oxinax_po

Ma MpY XMMUYECKO peakummn (py — TeopeTuyeckas

ypz‘ax — V3MEeHeHMe yaernsHoro oobe-

MOTHOCTb CYHTE3MPOBAHHOTO NPOAYKTA; py'™ —MaKcy-
MarsibHasi NOTHOCTb, 40 KOTOPOW MOXXHO CrpeccoBaThb UC-

SKPI

XOAHYH WNXTY); & = (p‘o
MOPVICTOCTY B peayriTaTe paspbIXSoLLEro AeCTBmS npu-
MECHbIX ra30B, CrieKaHUsi, TEPMUYECKOrO PaCLLMPEHUS 1

—-p, )/pf(“"“ — N3MEHeHVe

IKPIT

8. (Po
He4Horo npoaykTa). MNapameTtp o ans 6o CBC-cncte-

— 3KCrnepnmeHTaribHoe 3Ha4eHne NioTHOCTU KO-

Mbl MOXXHO pacc4y1UTaTb TeopeTn4eCKn, MOCKOJ1bKY PLnax -

3TO CNpaBOYHAS BENUUMHA, A P — NErko BbIYUCIUTD,

3Has cocTaB UCXOAHOW WnXTbl. Ecnn BenuymHa o noso-
XWUTEmMbHA, 3HAYUT, UBMEHeHWe yaenbHOro oobema npu
CYHTE3e 9TUX CoOeaNHEHNI NMPUBOAUT K YBENUYEHMIO MO-
PUCTOCTM NPOAYKTa MO CPABHEHMIO C MOPUCTOCTHIO UC-
XO[HOW 3aroTOBKU.

MopucTtbim CBC-06pa3uam, KoTopble paccMaTpuBa-
nuncb B 3TON paboTe, cooTBeTCTBYET crny4dan o = 0. Pea-
nun3oBatb ero anga cuctemsl Ti—C, Ti—2B, SiC yganocb
akcnepuMeHTansHo. CneayeTt NOAYEPKHYTb, YTO Tpebo-
BaHue & = 0 — 3TO 1 TexHonorMyeckas 3agava, Tak Kak
ecnn 6 > 0, To MeTpuyeckme pasmepbl obpasua nocre
CYHTE3a yBENMYMBatOTCS, Y MOSTOMY TPYAHO M3BIeKaTb
0ob6paseL 13 npecc-popmbl, e NPOBOANIICS CUHTES, MpU
0 < 0 — yMeHbLLUaeTCsl MOPUCTOCTb MaTepmana.

Ha puc. 2 npeacrasneHa 3aBMCMMOCTb NOPUCTOCTU
CUHTE3MPOBaHHbIX 06pa3LoB OT UCXOOHOW MOPUCTOCTU.
Kak BnaHO 13 pucyHka, MakcumarsbHasi MOpUCTOCTb CUH-
TE3UPOBaHHbIX 00Pa3LIOB AOCTUTAETCS NPU HACBIMHOM
NAOTHOCTM UCXOAHOM WnXThI. CnegyeT nog4epkHyTh, YTO
B AaHHbIX UccnegoBaHmax angd cuctembl Ti—C MCnonb3o-
Banu nopotuok Ti mapku INMTC co cpegHen BENUYNHOM
yactuy, 5 - 10 mkMm. MNopoLLKn cmelLmBanu B LLAPOBOW
menbHuLe ¢ wapamm n3 Al,O, B TeyeHre 1 4aca. MNpose-
[OEHHbIE N3MePEHNs NoKasarnu, YTo BeNuymMHa nop nony-
YeHHbIX obpasuoB coctaensna 0,1 - 0,8 Mkm, T.e. Obin
nony4yeH maTtepuar, NPUroaHbIn Kak CeneKkTUBHbIN Crown
MeMOBpaH, MPUMEHSIEMbIX MPY MUKPOOMITBETPALINNA.

Kak ykasbiBanocbk, BenmMyMHa nop nogsioxkm Memo-
paH B 10 — 100 pas 6onblue BENMYMHbBI MOP CENEKTUBHOMO
Cnosi, NO3TOMY ANSA YBENTMYEHUS MOP B CMHTE3MPOBaH-
HOM MaTepuare B UICXOOHYH LUMXTY BBOAWIN HEMMaBs-
LMIACSt MOHOGOPAKLIMIOHHBIN KOMIMOHEHT C GONbLLON BENU-
4YnHom 3epHa 100 - 500 MKMm.
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Puc. 2. 3asucumocms nopucmocmu CBC-u3denuii om
nopucmocmu 3a20moeokK

OueHka BeNnnYmMHbI MOp METOAOM CEKYLLMX NMOBEPX-
HOCTeW nokasara, 4To Benm4ymHa nop obpasua, CUHTe3M-
POBaHHOIO M3 LUNXThI, FAe YacTuubl rpaduta Obiv pas-
mMepom 220 - 250 Mkm, Ha 1 - 2 nopsigka Gornblue, Yem
BEnn4YnHa nop obpasLa, CUHTE3NPOBAHHOTO U3 LUNXThI, B
KOTOpoW pa3mep YacTtuu rpadomta coctaensn 3 - 10 Mkm.
BenunumHa yactuy Ti B 060mx criyyasix Gbina oguHakoBa:
10 - 15 mMKm.

Ha puc. 3 npeacraeneHo pacnpegeneHve nop no ob-
pasuy un3 TiC, nony4eHHOMY 13 LUNXTbI, A€ Benu4mHa

[TopucTocTb NCXOIHBIX 3aTOTOBOK HO, %

Ad)
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0,000 /
0,01 0,1 1,0 10 100 d, MmxMm
Puc. 3. QuipgpepeHyuanbHasa yHKyus pacrnpedeneHus
8esluduHbl Mop no obpasuyy Kepamu4yeckoz2o ¢usibmpo-
anemeHma ¢ oOHopodHol cmpykmypol u3 TiC (cpedHul

pasmep rnop, MKM; rno obbemy — 16,73, no nosepxHocmu —
15,4; ycpeOHeHHbIlU pa3mep nop (4V/A), mkm — 16,2)

30
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yactuu rpadouta coctaensna 220 - 250 mkm. N3vepeHnust
npoBoaunm Ha nopomeTpe Autopore-9220V2.03. Kak Bua-
HO M3 PUCYHKa, BENNYMHA MOp MO 06pasLy NpaKTU4ecKku
oauHakoBa 1 coctasnsina 15,40 - 16,73 mkm. Takum 00-
pa3oM, Bbin nonyyeH Matepuvan, yaoBneTBOPSAOLLMN Tpe-
BoBaHVAM, MPeabABNAEMbIM K NOAMNOXKKE MEMOPaHBbI.

[nsa nonyyeHnsa membpaHbl C aHU3O0TPOMHOW CTPYKTY-
pow (rpagueHTHOM MOPUCTOCTBHO) B rpadduTOBOM Npecc-
hbopme BHa4ane HaHOCUNM TOHKOAMCMEPCHbIN CIOW LUNX-
Toin3 Ti=10-15mkm 1 C =10 - 15 MKM, 3aTEM Ha 3TOT
CINOW HaHOCKIM KpynHoaucnepcHbin crion n3 C = 220 -
250 mkm 1 Ti =10 - 15 mkm. padomutoByto npecc-gopmy
nomMeLlany B BakyyMHyt0 Medb, 1 TeMnepaTtypy LUNXThbI
[0BOOMIN A0 TeMepaTypbl CaMOBOCTNIIaMEHEHNS, fanee
NPONCXOAMITO CAMOMNPOU3BOSIbHOE FOPEHNE LUMXTHI.

Ha puc. 4, a npencraBneHa MMKPOCTPYKTypa obpasLa
C rpagneHTHorn nnotHocTbio 13 Ti—C, Ha puc. 4,6 — n3
ALO,.

BenuuuHbl K, E, Ap n y nonyyYeHHbIX 06pa3uoB MeM-
OpaH onpeaensinm Ha yCTaHOBKe, CXeMa KOTOPOW npea-
cTaBreHa Ha puc. 5. B pesynbTarte uccneaoBaHuii 6binm
nony4veHbl 3HavyeHus E = 99,9 %; Ap = 441 TMa; y= 0,03
O51s KepaMmmyeckoro gounstpa Ha ocHoBe TiC, a ong ke-
pamMuyeckoro MembpaHHoro punbTpa Ha ocHose TiC —
E =99,9999 %; K = 1,0200% Ap = 931 Na; y = 0,06,
T.e. 3Ha4YeHUs1, NPEBOCXOASLLIME aHaNOrMYHble As Kepa-
MUYECKMX MeEMBpaH 3apyoeXxHoro npomnssoacTea (Tadn.1).
OT0 CBA3aHO € TeM, YTO B MpoLecce ropeHns Yepes pa-
30rPETYHO LUMXTY OUMBTPYHOTCS OCTaTOYHbIE MPUMECHbIE

CeneKTUBHBIN B
cIIon
OcHoBa
a
CeneKTUBHBIN
cIIon
OcHoBa
6 PGl S S

Puc. 4. Mukpocmpykmypbl 06pa3yoe ¢ 2padueHmHol
nopucmocmero: a— u3 TiC; 6 — u3 Al,O,
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Puc. 5. Cxema akcnepumeHmarsnbHoOU ycmaHoeku: 1 —
"abconromHbit” unbmp; 2 u 3 — eeHepamopbl aspo30-
J11 Xriopucmoeao Hampusi u dubymungmanama; 4 — my-
maHoobpasosamenb "TO-52"; 5 — gpunbmp ¢ uccredye-
MbIM ¢hunbmpyrouuMm Mmamepuanom;, 6 — oughghy3uoHHas
bamapes; 7 — dughghepeHyuansHbIt MaHomemp; 8 — yrib-
mpamukpockonuyeckasi kroeema, 9 — nasep; 10 — gpomo-
memp aspo3ons

rasbl, Mpy 3TOM MOPbI PaCLUMPSAIOTCS, pa3gBuras pearu-
PYHOLLLYHO XKMAKOCTHYHO Maccy. [a3bl HAXOASAT HAUMEHb-
Liee CONpOTMBIIEHNE, ABUrasiCb NEPNEHONKYNAPHO K
dounberpyroLLen MOBEPXHOCTN 00pasLI0oB, 06pasytoT Nopsbl,
KOTOpbIE BbICTPaMBaOTCS B LIEMOYKU, TEM CaMbIM YMEHb-
Las KoahULMEHT U3BUNUCTOCTU. B ntore npu oguHa-

MCMAH

KOBOW MNOPUCTOCTU, BENUYMHE NOP U Nepenage Aasne-
HUSA Ha membpaHe yBennuMBaeTCsl pacxod rasa nunm
XNOKoCcTn Yepesd MemOpaHy, NOnyyYyeHHY MeToooM
CBC.

B Tabn. 2 npuBeaeHbl xapaktepuctukn CBC-unsrpos,
MOMyYEeHHbIX MO AaHHOW TEXHOMOTUM.

Ha ocHoBe Mony4YeHHbIX Kepammny4ecknx MeMBpaHHbIX
OUNLTPOB ObINM N3rOTOBIEHLI MEMOPaHHbIE ObITOBbLIE YCT-
pOVICTBa 1 NPOBeAEHbI CEPTUDMKALIMOHHBIE UCTbITAHNS
Mo OYNCTKe NUTbeBOW BoAbl. CoaepkaHne XMMNYECKNX
3MNeMeHTOB B BOAHbIX Npobax onpeaensny Macc-CnekT-
panbHbiM (Plasma Quard, UG, AHrmns) 1 aTOMHO-3MUC-
cnonHbIM (ICAR-61, Thermo Jagrrall Ash, CLLUA) meTo-
hamu aHanusa. Pe3ynbTatel aHanu3a npeacraBneHbl B
Tabn. 3.

CopepkaHve B MUTLEBOM BOAE OPraHNYeCKNUX cCoeam-
HEHWIA: NETYYMX rarioreHopraHN4eckUx CoeanHeHun, de-
HOIT0B, XITOPPEHOITOB, MONMMLIMKITMHYECKNX apOMaTUHECKMX
YrneBogopoaoB, NECTULMAOB (a30T-, hocdop-, Xnopco-
aepxaLimx), MosIMxIiopnpoBaHHbIX brdeHnnoB, a Takke
CyMMapHOro pacTBOPEHHOrO yriiepoaa, onpeaensnm ¢
NMOMOLLbH0 ra30BOW XpomMaTtorpadnm ¢ nrasMeHHO-NOHU-
3aUNOHHBIM JETEKTOPOM, (POTOMETPUM C aLETUNALIETOHO-
BbIM peakT1BOM, ra3oBow xpomMaTorpadun (Head Space)
C AETEKTOPOM 3NIEKTPOHHOIO 3axBaTa, BbICOKO3(hheKTMB-

Tabnvua 1
CpasHumersnbHbIe XapakKmepucmuKu Kepamu4yecKux MeMbpaHHbIX ¢husibmpoe
ons hunbmpauuu xudkocmeli u 2a308
Pa3paboTtumnku
Mokasatenu Millipore, Sartorius, Seitz, Whatmen, MUCMAH,
CLWA PPl PPl AHrnua Poccus
Pasmvep nop, MKm 0,22 0,45 0,2 0,19 0,1
K 5010° 5010° 10° 5010° 10°
Ap, MNa 1568 980 1225 1803 980
y 0,033 0,053 0,048 0,029 0,06
Tabnvua 2
Xapakmepucmuku CBC-¢hunbmpoe
Moka3aTenu 3Suavenne
nokasarenew
MopwcTocTb, % = 60
TemnepaTypa akcrnnyaTaumm, “C 1o 1000
ShdhekTMBHOCTL hrnbTPaLMM AUCMEPCHBIX MUKpONpUMecer ¢ paamepoM YacTul, 6onee 0,01 mkm, % 00 99,9999
[MpounssoanTensHOCTL ynbTpaduneTpaLumn BoAbl Npu nepenaze AasnexHud Ha dovnbTpe 0,1 MMa, n/em’™ 0o 10
[MpounsBoanTensHOCTL yrbTpadunbTpaLmm ra3oB Npy nepenage AaBneHns Ha punstpe 2 kla, n/cM’® no 40
[MpoyHoCcTb Ha n3rmMb, Mlla >05
[eomeTpuyeckne pasmepbl 00pa3LoB, MM:
- INCKW: anameTp no 200
- UMnUHApbI, TpyObl, CTakaHsbl: anameTtp no 40
anvHa no 1000
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Tabnvua 3

CodepxaHue UOHO8 MsXKeslbIX Memaisisioe 8 UCX00Hol eode U rocJie ¢hunbmpayuu

Mpepen KoHueHTpauma xummyeckoro anemMeHTa B BOAONPOBOAHON NUTLEBOM
Xumnyeckum obHapyxeHus BoAe, MKr/n
3neMeHT crnekTpomeTpa, BOAONPOBOAHAas nocne c¢unbTpa U3 nocne cunbTpa U3
mrk/n (DL) nuTbeBasi Boaga TiC (CBC) Al203 (TpPaAULMOHHBbIE)

Fe 10 99,9 DI DI

Mn 2,0 47 8,15 14,72

Ba 0,1 28,12 4,93 27,8

U 0,07 0,77 0,418 0,72

Zr 0,8 0,122 DI 0,121

Al 10 52,66 11,3 50,12

Zn 5 312,5 45,3 120,8

Li 0,06 2,92 2,51 2,83

B 0,3 4,8 3,8 3,9

Na 40 8006 7820 8025

Mg 50 13708 13128 12962

S 100 8396 7722 8006

Ca 150 87960 60392 79762

Co 0,17 0,192 0,116 0,183

C 1,62 3,31 0,34 3,11

Hg 04 DI DI DI

P 0,3 0,62 0,11 0,56

Tabnvua4

CodepxaHue op2aHu4eckux coeduHeHuli 8 ucx00HOU 800e u nocre hunbmpayuu

KoHueHTpaLusi opraHM4ecKkoro coeguHeHus
OpraHun4yeckoe coeguHeHue B BOAONPOBOAHOM BoAe, Mr/n
HOpMaTuB Ao dunbTpa nocne ¢unbtpa U3 TiC (CBC)

ALEeTOoH 0,3 16,2 3,9
"MOpOXmMHOH 0,2 0,2 0,2
A, atpasuH 0,5 1,6 0,04
MA; cumasunH OTCYT. 1,5 0,04
MX; 2,4- ouxnopdeHoKCUyKCycHas KucnoTa OTCyT. 4,2 0,02
Tonyon 0,5 0,18 0,05
X; ambpomxnopmeTaH 0,03 0,5 0,0002
X; TeTpaxyiopMmeTaH 0,006 0,04 0,0001
X; TpuxnopmeTaH 0,06 4 0,02
X®; neHTaxnopdeHon 0,01 1,31 0,05

HOW >XMOKOCTHOM XpomMaTorpadmm ¢ AMoaHO-MaTpUHECKNM
0EeTEKTOPOM, BbICOKOIh(EKTUBHOM KNOKOCTHOM XPOMO-
Torpachmu ¢ pryopeCLEHTHBIM 1 AVOOHO-MaTPUYHbIM Ae-
TEeKTopoM. Pe3ynbraThbl MccrieaoBaHns NpeacTaBieHHbl B
Tabn4.

ViccnepoBaHus nokasanu, YTo NoSTyHYeHHble Kepamu-
Yyeckme punsTpbl:
0 wuMeloT aHoOMarnbHO HU3KUK GOOH MO BHECEHMIO MOr1e-
KyNSIpHbIX 3arpsi3HEHNN;
O ahdeKkTMBHO OUMLLAIOT NMUTHEBYIO BOAY OT MNOBbLILLEH-
HOrO coAepXKaHnsa XMMmMYeckux anemeHTos — Fe, Mn, Ba,
Ce,Zn,Unpgp,;
[0 yMEHbLLAKT XEeCTKOCTb ncxogHom Boapl Ao 30%;
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[0 B HECKONbKO pa3 yMEHbLLAT B MMTLEBON BOAE CO-
OepKaHne pacTBOPEHHOIO CyMMapHOro yrinesogopoaa,
a TaKke TakMx CoOeQUHEHNI, Kak aLeToH, aTpasuH, cume-
3WH, 2,4-0nx51opdeHOKCUYKCYCHas KUCIoTa, Toryorl, de-
HOM, ANBPOMXIIOPMETaH, TETPaxXIIopMETaH, TPUXITOPMETaH,
neHToxsiopdeHon n ap.

YaenbHbI pacxod BoAbl Npu nepenage AaBneHus Ha
dunisTpe 0,1 MMa coctasnsn 2 - 10 n/cm?™.

YaenbHbI pacxop rasa npy nepenage AasneHns Ha
duniTpe 2 kMa coctaenan 40 n/cm®[.

MHorokpaTHas pereHepaumst ULTPINIEMEHTOB OCY-
LLiecTBNSIETCA OBpaTHBIM UMMYIBECHBIM NMOTOKOM OYMLLIEH-
HOW BOAbI! UI BbICOKOTEMMNEPATYPHBIM OTXKMUIOM.
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