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.llnccepmUIIonnoro Coscra K 063.56.03 ~.??~ 
K""!mnaT TeXuu4ooKux uayK, AO""'T ·/~ 11.1<. Enanomuu<ooa 

OSUIAR XAPAKTEPittCTittKA PASOTbl 

A«myan&Hocm& meM&I. <l>HJJbrpar.urn npe.ncnmJHieT co6oii 3cpcpeKTHBHLiii nyn, .noc
TH)I(eHHJI "'HCTOTbl TeXHOJIOfH"'eCKHX H pa60"'HX fa30B, ripHMeHJieMbiX B MHKp03JJeKT
p011HOH npoMbiillJJennoc:rn. Han6onee B~biMn KOMnoneHTaMH, o6ecne"'IIBaiOIII;IIMH 
Ka"!eCTBeHHYIO cpHJJbrpaJ.UIIO, npn 3TOM JIBJUIIOTCll cpHJJb1pYIOID.IIe M3TepliaJJbl H cpm:r~ 
po.nep)l(aTeJJn, rapan:rnpywm.ne 3cpcpeKTimnoe ncnoJJbJOBaiDre cpHJJbTPYIOmero Ma:repn
ana II repMeTH"'HOCTb npnMeHJieMbiX yCTpoiiCTB cpHJJbTPa.uirn- Cpe)J.H cpHJJbTPYIOmHX 
Ma:repHaJJOB, IICllOJibJYeMbiX B 3TOM npouecce, B~Oe MeCTO 3aiiHMaiOT rpeKOBbie 
MeM6paHbl (TM), Il3fOT3BJIHBaeMbie 06JIY"'eHHeM llOJJHMepHbiX llJieHOK ny"'KOM 33pll
)l(eHHbiX qac:rliU n nocne.nywm.nM XHMH"!eCKHM rpasnenneM Ma:repnana o6naCTH rpeKOB 
3Tnx "!aCTIIU .no nonyqenHJI CKBOJHbiX nop. OcnoBHbiMH OTJIH"'HTeJibHbiMH csoiiCTBaMH 
rpeKOBblX MeM6paH liBJIJIIOTCll MaJJaJI TOJIID.IIHa, BblcOKaJI CeJieKTHBHOCTb pa3)1.eJJeHIDI H 
nerKOCTb perenepaJ.UIH. 3TO o6ycnosnm3aeT HX lllllpoKoe npHMem!nile B MHKp03JieKTPo
HHKe, Me)J.IIJ.UIHe, 6IIOTeXHOJIOrliii H .npyrHX o6naCTliX TeXHHKll H napO)J.HOfO X03JIHCTBll. 
BMec:re c 3THM, IIJro:rasnHBaeMbie HbiHe npoMbiillJJeHHo TM HJ noJIH3THJJeurepecp:ra
nam (D3T<l>) II nonHKap6ona:ra (DK) HMeiOT PM orpaiiH"'eHHii no xHMmeclcoii n :rep
MII"!ecKoii CTOHKOCTH. TaK, OHH nerKO paCTBOpHMbi B KOHUellTpHpOBaiiHbiX paCTBopax 
rli)J.pOKCII)J.OB meJIO"'HbiX MeTaJIJIOB H MHHepaJJbHbiX KIICJIOT. 3TO Jarpy)J.HJleT Hx HC
ll0Jib30BaHHe B pJI)J.e npoueCCOB COBpeMeHHOHTeXHOJIOfHH, B"'aCTHOCTH, B npOH3BO)J.CT
Be IIJ)J.eJinH MHKp03JieKTPOHHKn, r.ne rpe6yeTCH npOBO)J.HTb :roHKyw O"'HCTKY. XHMif'leC
KII aKTIIBHbiX cpe.ti. KpoMe :roro, 9THOCHTeJibHO HHJKM nopiiCTOCTb rpeKOBbiX MeM6pan 
ne o6ecne"'IIBaeT )J.JIH pJI.na Ja)J.a"' neo6xo)J.HMoii npoiiJBO)J.lffeJibHOCTH npoueccos cpii
JibrpaUJrn. fl03TOMY liCCJie)J.OBaHHJI s· 06JiaCTH C03)1.aHHH BbiCOK03cpcpeKTIIBHbiX rpeKO
BblX MeM6paH Ha OCHOBe XHMII"'eCKlf H :repMH"!eCKII CTOHKHX M3TepHaJJOB liBJUIIOTCJI 
3KTYaJJbHbiMII. 8 3TOH CBJI3H B. Ka"'eCTBe HCXO)J.HOfO llOJIHMepa )J.JIJl H3fOTOBJieHIDI rpe
KOBbiX MeM6paH npiiBneKaeT BHHMaiiHe nonnnponHJJeH (DD), rJiaBHbiM o6pmoM, 6na
ro.napJI CBOeii XHMH"'eCKOH CTOIIKOCTII .. 

ijen& pa6om&I: pmpa6o:rKa MeTO)J.OB noJIY"'eHIDI nonnnponHJJeHOBbiX rpeKOBbiX 
MeM6paH )J.JIJl cplllfHIIIHOH . O"'HCTKII XHMU"'eCKII arpeCCIIBHbiX cpe.n, npHMeHJieMbiX B 
npOH3BO)J.CTBe HJ)J.eJinii MHKp03JieKTPOHHKn. 8 COOTBeTCTBHH C llOCTaBJieHHOH ueJibiD 
6Lmo neo6xo)J.HMO pemenne cne)J.Y!OmHX Ja)J.a<l: 
• II3Y"!HTb OCHOBHbie 3aKOHOMepHOCTH npouecca XuMH"!eCKOfO rpasneHIDI 06JIY"'eHHOf0 
ycKopenHLIMII nonaMII nonnnponHJJefia; • 
• onpe.nenmh omHMaJJbHbie ycnoBHJI )J.JIJl nJ6HpaTeJibnoro rpasneHIDI rpeKOB TH)I(eJILIX 

HOHOB B )1.3HHOM llOJIID.tepe; 
• Ilccne.nosa:rb BJIHJIIme soJ.neiic:rBHJI opranwiecKHX paCTBopnreneii na o6JIY"'eHHbie yc
KopeHHbiMn IIOHaMII llOJIHnpOllHJJeHOBbie nJieHKH; 
• pa3pa60T3Tb cnoco6 pa:JpymeHIDI a)J.COp6J.UIOHHOf0 XpOMCO)J.ep)l(amero CJIOll Ha llO
BepXHOCTU nonnnponHJJeHOBbiX rpeKOBbiX MeM6pan, o6pmyeMoro B npouecce rpas-

nenHJI; 
• llOJiyqiiTb OllbiTHbie o6pa3Ubl llOJIHnpOllHJJeHOBbiX rpeKOBbiX MeM6paH II H3yqHTb HX 
CBOHCTBa Dpii 3KCnJiyaTaUJIU B XHMH"!eCKII arpeCCIIBHbiX cpe.nax, npHMeHJieMbiX B MHK-

p0311eKTPOHHKe; • 
• nccne.nosa:rb BJIHJIHHe soJ.neiiCTBHJI nJiaJMbi nenonHMepmywmHXcJI imos na CTpYK
:rypy H CBOHCTBa llOJIHnpOllHJJeHOBbiX rpeKOBbiX MeM6paH . 
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• Hay•IHaR HOSU3Ha pa60mbl 3aKJIIoqaeTC.II B C03,namm HC IIMeiOW:IIX auanoroB XHMH

qeCKH YCTOWIIIBbiX lpeKOBbiX MeM6paH Ha OCHOBe llOJIIIllpOUHJieHa II MOJKCT 6hiTb KpaT

KO oxapaKTepll30BaHa CJJe.nyiOru:HMII llOJJOJKeHII.IIMII: 

1. Pa3pa6oTaRa MeTO,niiKa nonyqeHII.II noniinpommenoBbiX 1peKOBbiX MeM6p~an, BKniO

qaiOW:a.H B ce6H CJJe.nyiOmne CTa,niiH: CeHCII6HJIII3al(IIIO naTeHTHbiX lpeKOB B03,lleHCT
BIIeM paCTBOpiiTenefi B o6nyqeHHbiX BbiCOKO:meprCTII'IHbiMII T.IIJKeJJbiMII IIOHaMH 00-

. JUieHKax, II361IpareJibHOe XIIMJIIIeCKOe lpaBJJeHHe lpeKOB IIOHOB BO,llllbiMII paCTBOpal\lli 

XpOMOBOfO anrii,npii,na II o6pa60TKJ B BO,llHhiX HJIII BO,llHO-ClliipTOBbiX paCTBOpax rH,n
pOKCII,nOB W:eJJOqJILIX MeTanllOB. 

2. H3yqeH DpOI.(eCC XIIMJIIIeCKOfO lpaBJJeHII.II lpeKOB T.HJKeJJbiX IIOHOB B llOJJHHpOHHJJeHe. 
Hccne,nonaHa 3aBIICIIMOCTb CKOpOCTII II ll36HpaTeJJhHOCTH lpaBJJeHIIH lpeKOB HOHOB B 

,llaHHOM. llOIDIMepe OT TeMnepaTJPbl II KOHUeHlpaUIIII XIIMJIIIeCKIIX peareHTOB B lpa
B.HW:eM paCTBOpe. IJpe,nnOJKeH OllTIIMaJlbHblll COCTaB lpaBHTeJJH, ll03BOJI.IIIOW:Hll 3Ha'III

TeJibHO yseJIJIIIllTb CKOpOCTb II H36npaTeJibHOCTb lpaBJJeHII.II lpeKOB THJKeJJbiX HOHOB B 
nonnnpommeHe. 

3. Pa3pa60TaH MeTO,ll XHMIIqecKOfO lpaBneHII.II lpeKOB BbiCOK03HepreTHqHbJX HOHOB B 

llOJIHllpOmiDeHe, BKniOqaiOmnfi ,nne CTa)lHII: 1pannenne np11 IIOBbiUieHHOll TeMneparype 

,nnH C03,llaHII.II CKB03HbiX KaHaJJOB C B03MOJKHO MeHbUIIIM ,nHaMClpOM H llOCJJe,nyiOW:ee 

lpaBJieHHeM npii IIOHIIlKeHHOll TeMIIepaTJPe ,no IIOJIY'IeHII.II IlOp 3a,llaHHOrO pa3Mepa. 
Mero.n 3aru:IIru:eH IIaTeHTOM. ' 

4. Onpe,nenen IIIIIpOKHH Kpyr opraHIIIIeCKIIX coe,niiuenHii, B03,neiiCTBHe KOTOp~>Ix npii

BO,niiT K CeHCII6HJIII3aUIIII lpeKOB T.HJKeJibiX HOHOB B llOJJHllpOIIHJieHe. Y CTaHOBJJeHO, 'ITO 

IIOCJJe.nyiOW:eH He06XO,lliiMOH CTa,lliieii npouecca XIIMJIIIeCKOH CeHCII6HJIH3aUHH HBJIH

eTC.II TepM006pa60TKa, npnMeHHeMaH C l.(eJibiO y,naneHII.II a6cop6IIpOBaiiHOfO paCTBOpH

TeJIH m MalpHUI.I . IIOJIHMepa, Bhl3hiBaiOW:ero ero. na6yxanne. ,[(nH KaJK,noii H3 CTMHH 

onpe.neneu ornHManhHhiii pelKIIM o6pa6oTKH. Mcro.n ceucn6Hnn3aunn 3aiUnru:cu na
TeHTOM. 

5. YCTaHosneuo, qTo B uenHX ynyqiiieHII.II Kaqecrna noJIHHpommenosMx 1peKOJ3biX 

MeM6paH B TexuonorJIIIecKHi1 nponecc IIX nonyqennH neo6xo,nnMo sse.nenne cra,nnn 

y,naneHII.II a,ncop6IIpOBaHHbiX B npouecce lpaBJJeHII.II Ha llOBepXHOCTH MeM6paH xpOMCO

,nepJKaJUHX COe,niiHeJIHii. IJOKa3aHO, 'ITO IICllOJib30BaHIIe pa3pa60TaHHOfO MeTO,na pa3py

IIIeHII.II· nosepxnocruoro a,ncop6UIIommro xpoMco,nepJKaru:ero cno.11 c noMOJUbiO paCT

sopos (BO,ni!biX HJIH BO,llHO-CmipTOBbiX) rii,npOKCII,nOB W:eJIO'IHbiX MeTaJJJIOB, npaKTH
qeCKH He Bbl3b1Ba.H CHIIJKeHII.II MeXami'!eCKOH npoqHOCTII MeM6paH, npHBO,nHT K llOJIHOH 

O'IHCTKe MalpHUI.I ITITTM oT npuMecn xpoMa. Mcro.n 3aru:IIIUeH naTeHTOM.~ 
6. Pa3pa60TaH MeTO,ll rii,npO<l>HJIII3aUIIII lpeKOBbiX MeM6paH Ha OCHOBe IIOJJIIIIpOllliJieHa 
II llOJIIITIIIIIeHTepe<l>TaJJaTa B JUia3Me HellOJIIIMepU3yiOru:IIXC.II fa30B, ll03BOJI.IIIOW:IIH cy
ru:ecrsemiO CHH3HTh 3Haqenne Kpaenoro yrna cMaqrmanll.ll nosepxnoCTH MeM6pan, qTo 

3Hal!liTeJJbHO ynyqiiiaeT IIX 3KCJUiyaTaiWOHHbie CBOHCTBa. 

7. Ilpe,nnoJKen cnoco6 Mo.nn<l>IIKaUHn C'fPYKTYPbl TM n nna3Me, no3BOJJHIOW:HH nony
.'laTh aCIIMMClpiiiiHbie lpeKOBhie MeM6paHbl C llOBbiiiieHHOH y,neJJbHOH npOH3BO,llHTCJib
HOCTbiO. 

8.' lhyqeHbi OCHOBHbie 3KCIIJiyaTaJWOHHbie CBOHCTBa llOJIHnpommeHOBbiX lpeKOBbiX 
MeM6pan. IloKa3ano, qTo napaMClpbl MeM6paR (.nnaMClp rrop, rrponuuaeMOCTb) 11 ux 

MeXaHJIIIeCKIIe CBOHCTBa npaKTJIIIeCKH He II3Mell.IIIOTCH npu 3KCIInyaTaUIIH B KOHUeJIT
pnpOBaiiHbiX paCTBopax MIIHepaJJbHbiX KHCJIOT II rn,npOKCH,llOB W:eJJO'IHbiX MeTaJJJIOB. 
3-fo II03BOJIHCT HCllOJib30BaTb 00TM M.ll O'IHCTKH TeXHOJIOfii'IeCKIIX cpe,n, npnMeHH
eMbiX B MIIKp03JJeK1pOHIIKe. 
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npaKmU'IeCKaR 3Ha'IUMOCfflb pa6ombl. Co3,nan HOBbiH Bllll XIIMH'IeCKH YCTOH'IHBO

ro <l>HJJblpYIOlllero MaTepHana/MH <l>HHHLIIIIOH O'IHCTKH TeXHOJIOrH'IeCKHX cpe,n, IIpHMe

HHeMbiX B MI1Kp01JJeK1pOIIIIKe. 
Pa3pa6oTaua MeTo,nnKa nony'lemm nommpommenoBhiX 1peKOBhiX · MeM6paH, nmso

n»JO!IlaH 3Ha'mTeJibHO yny'ILIIHTb ux C'fPYKTYPHhie u <l>n311KO-XHMH'IeCKHe csoliCTsa: 

llOJIY'ICIIIIbie MeM6paHbl xapaKTepH3YIOTCH BbiCOKOH O,llHOpO,nHOCTbiO pa3MCpOB nop llO 
BeJIII'IIIIIe, 3Ha1!11TeJibHOlt MeXaHII'IeCKOlt HpO'IHOCTbiO II llOBbiLIJeHHOH TCpMOCTa6IIJib-. 

HOCTbiO. MeTO,lliiKa Ime,npeHa Ha y'laCTKe OllbiTHOfO npOH3BO,llCTBa B Jla6opaTOpHH 

HJlepHbiX pcaKUIIlt 06bC1UIHCJIIIOfO ltllcTHlyra HJlepHbiX IICCJiellOBalllllt. . 

Pa3pa6oTall cnoco6 MOJUI<l>nKaumi C'fPYKTYPhi n nosepxuoCTn lpeKOBbiX MeM6pau s 
HJia3Me, ll03BOJIHI0llllllt llOJiy'laTb aCHMMC1pH1IIIble 11JeKOBbie MCM6paHbl C llOBblllleH

HOlt yJleJJbHOH npoH3BOJliiTeJihHOCTbiO. 11cnoJib30Bamie MeM6pa11 nono611oro nma npn

nonnT K 3Ha'IIITCJibHOMY llOBbiLIJeHII!O npOH3BOJliiTeJibiiOCTII npOUCCCOB <l>IIJiblpaUllll. 

Aemop ebtHocum Ha 3a~umy: 
I. HonhiH sun XIIMII'IeCKH yCToli'IIIBOro <Pnni,Tpywmcro MaTepnana. 

2. MCTOJlHKY ll3fOTOBJieiiHH llOJIIIIIpOIUIJICIIOBbiX lpeKOBbiX MeM6paii. 
3. OnniMaJJbHbiH coCTaB 1pamimero pacrnopa nnH II36upaTeJibiiOro Xll\lli1IecKoro.Tpan

JICHHH lpCKOB THJKCJlbiX HOHOB B IIOJillllpOIUIJieHe. 
4. MCTO)l XHMH11eCKOf0 TpanneHHH TpeKOB THJKeJJbiX 1101108 B fiOJillllpOniiJlelle. IlpOilO-

)lHMbiH B l{Be CTa)lliH. 
5. MCTO)l CeJICH6HJII13aUHII JiaTeHTIIbiX 11JeKOB THJKCJibiX IIOHOB B IIO!IliiipOilliJ1CHe B03-

)~eHCTBHCM opraiiH'IeCKHX COe~HHeHllii_ pacrnOpHIOIUIIX ero Hll'lKOMOJlCK)'!lHpHbiC 1'01\10-

JIOfH. 
6. Cnoco6 pa3pymeHHH a)lcop6uHoHnoro xpoMconepJKamcro cJJOH 11a IIonepxHocTn no

JIHnponnneiiOBbiX lpeKOBbiX MeM6pall, o6pa3yeMOfO B npm~ecce lpaBJieHIIH. nyreM Il0'3-

l{eHCTBHH BO)lllbiX HJIH BOJliiO-CHHpTOBbiX paCTBOpOil nllJpOKCIIJlOB lllCJIO'IIIbiX MCTllil

JIOB. 
7. Cnoco6 ru;~po<PnnH3aUHII nonepxHoCTH lpCKOBbiX MCM6pan n nna3Me IIenomiMepn-

3YJOlllHXCH fa30B. 
8. Crroco6 rrony'IeiiHH aciiMMClpii'IllhiX lpCKOBhiX MCM6pau. 

Anpo6ai(uR pa6ombt. OciiOBIIhie pe3yJJhTaThi u oTJleJihllhie no.rwJKeHIIH ;uicccprm{Hn 

noKna~hiBaJJHCb Ha "17th' International Conference on NuClear Track in Solids" (Duhna. 

Russia, 24-28 August,, 1994), PoccuticKoli K(m<Pepcuumi no MeM6paiiaM 1i MeM6paii

HbiM TCXHOJIOrHHM "MEMIJPAHbl-95" (MoCKBa, 3-6 0KTH6pH 1995), "12th Interna

tional Congress of Chemical and Process Engineering CHISA'96" (Praha. Czech Repub

lic, 25-30 August, 1996), "First European Congress on Chemical Engineering ECCE-I" 

(Florence, Italy, 4-7 May 1997), "VI International School-Seminar on Heavy Ions Phy-

sics" (Dubna, Russia, 22-27 September, 1997). · 

ny6nuKaquu u eKilaiJ aemopa. MaTepnan ~nccepTaunu II'JJJOJKen n 6 cTarhHX n na

Y'IIIhix JKYpiiaJJaX, B 2-X JlOKna,llax B C60pH11KaX MaTepHaJJOB KOIH~epellllllii. B 2-X 11pe1I
pHIITax 0115111, B 5 rry6miKaUHHX B c6opHHKaX T}JYllOB Jl51P 0115111 '13 1993-1996 IT. 

no pe-Jy.JibTaTaMJliiCCCpTaUIIH llOJIY'ICHO 4 naTeHTa. . 

CmpyKmypa U 06beMpa60fflbl. ,[(IICCCpTaUIIH COCrlliiT In nne;tellliH, IIIeCTII man II 

3aKnlO'IeiiHH, li3JIOJKCHa Ha 118 CTpallllli3X MaiiiiiiiOilliCIIOI'O TeKCTa, BKJII01IaeT 48 p11-_ 

CYHKOB, 25 Ta6JIIIU II CIIIICOK JIIITCparypbl 113 160 IlaiiMeiiOBallliii. • : · 
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OCHOBHOE COP,EP)f(AHJ.1E PA60Tb/ 

Bo eeeaeHUU o60CHOBaHa ai<TYa.JihHOCTh If ccpopMyJmposaua ue11h .llHCcepTaUHOII
HOH pa6oThi. YKaJaHa npaKTHqecKIDI 3HaqHMOCTh 11 HayqHIDI HOBH3Ha no11yqeHHhiX pe

'3Y11hTaTOB. 0pHBe.lleHhl OCHOBHhie 110110)[(eHmi, BhiHOCHMhie Ha 3auuny. 

nepeaR znaea .lllfCCeJYfaUifll IIOCBJilUeHa aHa.JIH3Y cymecTBYIOilllfX npe.llCTaB11eHHH 
~0 MeXaHH3Max B03.lleHCTBH~ H311yqeHH~ C BhiCOKOH :meprHeH Ha n011HMephl II paCCMOT
peHIIIO cpH3HKO-XHMifqecKux 3aKOHOMepHoCTeii npouecca TPaB11eHu~ TPCKOB HOHOB. 
PaccMOTPeHhi li3BeCTHhie MeTO.llhi cencu6HmnauHH 11aTeHTHhix TPeKoB s no11HMepax. 
06cy)[(JlaiOTC~ cnoco6hi MO.llHcpuKauuu CTPYKTYPhi u nosepxHoCTu II011HMepHhiX MaTe-

puanos. .J 

Bo emopou znaee npHBe.lleHhi xapaKTepuCTHKu ucno11h3yeMhix MaTepHanos, onH
caHhi npuMeH~eMhie JKCnepHMeHTa.Jlhllhie MeTO.lllfKll. 

06beKTaMH HCC11e.llOBaHHH C11Y)[(If111f nommp011ll11eHOBhie 1111eHKU "Torayjan" TllnOB 
T2372 11 T2400 npOH3BO.llCTBa cpHpMhi "Toray" (5lnoHH~) c HOMHHa.JihHOH T0111l1HHOH 
I 0:0 ll I 0.2 MKM COOTBeTCTBeHHO. no .llaHHhiM H3rOTOBHTe11~ 1111eHKH HMeiOT .llByxoc
HYIO opHeHTaUHIO u coCTO~T H3 InoTaKTHqecKoro nom1Mepa. 0110THOCTh MaTepHana 
llJieHOK COCTaB11~eT OK0110 0.92 r/cM3, qTO COOTBeTCTByeT 80%-HOH CTel1eHH KpUCTa.JI-
11IfqiiOCTll. lhMepeHUe J11eKTPOHHhiX cneKTPOB OIITH4eCKOrO rror11SrneH~ o6pa3UOB 110-
Ka3a.JIO, 4TO o6a TUna llJieHOK CO.llep)[(aT cpeHOJihHhiH aHTHOKCU.llaHT "lrganox 1010". 
Co.llep)[(aHue aHTHOKCU.llaHTa B llJieHKe Tuna T2372 coCTaB11~eT 0.5%, B 1111e11Ke THna 

T2400 - O.I %. 

06beKTaMu ucc11e.llOBaHuii B JKcnepuMeHTax 110 MO.llHtPHKauuu CTPYKTYPhi u no
sepxHOCTH rpeKOBhiX MeM6paH B 1111a3Me C11Y)[(HJill 11011HJTHJieHTepecpTa.JiaTHhie MeM6-
paHhl U n011Hnp011HJieHOBhie MeM6paHhl, ll3fOTOB11eHHhie COfJiaCHO pa3pa60TaHHOMY Me
TO.lly. 

0611y4eHUe 11011H11p011U11eHOBhiX n11eHOK ycKopeHHhiMI1 110HaMH 11pOBO.lli111U B Ba
KyyMe Ha UliKJIOTPOHax Y-300, Y-400 Jla6opaTopuu ~.llepHhiX peaKUUH liM. r.H. <l>11e
posa 06be.llHHeHHOrO 1111CTHT)'Ta ~.llepHhiX 11CC11e.llOBaHI1H. J1CII011h30Ba.JII1 nyqKI1 l!OHOB 

KpUIITOHa 11 KCeHOHa c JHeprueii -I M::~B/HyK110H. noc11e 0611yqeHI1~ o6pa3Uhl xpa1111-
1111 Ha B03.llyxe np11 06hi411hiX YC110BI1~X. 06pa60TKY MeM6paH B 1111a3Me npOBO.lll11111 
Ha 1111a3MOXUMI1qeCKOH yCTaHOBKe POCCIIHCKOfO rocy.llapCTBeHHOrO TeXH0110rl1qeCKOfO 
ynHsepcHTeTa HM. K.3. L{I1011KOBCKoro, ocymeCTB11~101lleii B4-pa3p~.ll Ha qaCToTe 

I3.56 Mru. 06pa3Uhi MeM6paH pa3MepaMI1 IOxiO cM noMernanl1 Ha n11oCKI1H J11eKrpO.ll 
(KaTO.ll). B03.lleiiCTBI110 n11a3Mhi HO.llBepranl1 O.llHY CTopony MeM6pan. B KaqeCTse n11a3-
Moo6paJyiomero raJa 11CII011h30Ba.JIU B03.llYX U CMeCh a30Ta C KI1C110pO.llOM B pa311llqiiOM 
COOTHOilleHI111 . .[{11~ npoBe.lleHH~ p~.lla 3KC11ep11Mei!TOB np11Mell~1111 TaK)[(e CMeCh a30Ta 11 
UliKJIOreKCilHa B COOTHOrneHI111 3:1. TiapaMerphl pa3p~.lla (.llaB11eHUe raJa, MOiliHOCTh 
pa3p~.lla) 11 .ll1111Te11hHOCTh B03.lleiiCTBH~ saph11pOBa.JII1. 

l1ccne.llOBall11e npouecca TPaB11eHH~ o6pa3UOB TID-n11ei!OK npOBO.llll11ll B pa&mopax, 
CO.llep)[(aWHX COe.lli1HeHI1~ llleCTHBa.JieHTHOfO XpOMa. 0pO.ll011hHyiO CKOpOCTh rpaB11eHI1~ 
rpeKoB Yt mMep~mi KOH.llYKTOMerp11qecKHM MeTO.llOM no speMeHI1 o6pa30BaHH~ CKB03-
HhiX nop. CKopOCTh rpaB11eH~ Heo6nyqeHHOro nOJIHMepa vb oueHI1Ba.Jlll 110 yMellhllle-
111110 T0111l1.11Hhi o6pa3ua 111111 110 yMeHhllleHIIIO ero Macchi. Cpe.lliiiOIO pa.ll11a.JihHyiO cKo
pOCTh TPasneHI1~ v. , a TaK)[(e .ll11aMerp nop Ha nosepxHOCTI1 MeM6pau onpe.llen~nl1 c 
110MOill.h10 311eKrpOHHOfO MI1KpOCKOI1a JSM-840 (J£QL). <l>opMy nop MeM6paH HCCJie
.llOBa.JIH MC:O.llOM MeTa.JIJII1qecKI1X pell1II1K, B KaqeCTBe MaTep11ana pell1IHK 11CIIOJih30Ba.Jlll 
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Me.llh. fa3011p01111UaeMOCTh MeM6paH (nOTOK B03.ll)'Xa, npome)UIIHii '1epe3 MeM6paii)') 
113Mep~11H npH 3a.llaiiHOM nepena.lle .llaB11e~, 113. BeJIII4HHhi I(Oropoii pacc'll!Thma.JIH 
::~cpcpeKTUBHhiH .llHaMerp nop. TiorpeiiiHOCTh npu onpe.llenemrn ::~cpcpeKnrimoro .u;naMcrpa 
nop He npeshirnana 3%. Pacnpe.llenenne nop no pa3MepaM II cpe.rurnii pa3Mep nop oue- , 
HHBa.JIH Ha 11p116ope "Coulter Parameter IF' (Coulter Electronics Ltd). B rrocne.dHeM 
c11yqae n01iyqanH nilcpopMaumo o .u;naMerpe B uau6onee )'3KOM ceq:emrn KaHa.JIOB rrop, 
110rpelliHOCTh 113MepeHHH COCTaB~a He 6011ee 2%. J13MeHeHHe TOJIIIU1Hhl liJieHOK II 
MeM6paH perucrpnpoBa.JII1 C IIOMOII(hiO 311eKrpOHHOfO H3MepiiTe11~ TOJIIIUIHhl "Te3a Mo
dyJib11 (norpelliHOCTh li3MepeHUii ± 0.1 MKM). KpaeBOll )'TOll CMa'IIIB~ BO.llOll orrpe.n;e-
11~1111 rOHHOMerpi!4eCKIIM MeTO.llOM, 3aKJIIOqaiOrneroc~ B rrpoeKTIIpOBaHUH HaHeCeHHOll 
Ha 11CC11e.llyeMyiO nosepXHOCTh KaiiJIII BO.llhl Ha 3KpaH II II3Mepemrn ee Pa.llliYCa II Bhl
COThl no npoeKUHH Kalllln. MexaHI!4eCK)'IO rrpoqHOCTh MeM6pau orrpe.n;e~II no rrepe
na.lly .n;aBJieH~, np11 KOTOpOM o6pa3eU, IIOMerneHHhlll B .n;epiKaTeJih C Kp)'TllhlM OTBepC
TI1eM I CM2, pa3pymaeTC~. YcromHBOCTb nn TPeKOBhiX MeM6paH K OKIICJieHIIIO xapaK
TepH30Ba.Jll1 H3MeHeHHeM liX MeXaHH'IeCKOH-npO'IHOCTII npii B03.lleHCTBilli CBeTa II Tell-
11a. TipHMeCh xpoMa B OTITM onpe.lle~H pa3pymeHHeM rrosepxaoCTHoro xpoMco.n;ep
:JKamero CliO~ o6pa60TK0ll 30%-HhiM BO.llHhiM paCTBOpOM IIepOKCll.lla BO,II;Opo.n;a IIpii 
KHJffiqeHIIH If noc11e.ll)'IOIUIIM cneKrpOcpOTOMerpH4eCKIIM H3MepeHHeM KOHUenrpaUHH 
meCTIIBaneHTimro xpoMa B o6paJosasmeMc~ paCTBope. l1crrollh30Ba.Jlll crreKrpocporo
Merp "Specord M-40" (Carl Zeiss Jena). l13MeHemlll B rrosepXHOCTHOM cnoe MeM6pau 
H3)'4a.JIH c noMOmi>IO MeTo.n;a MHTIBO (MnoroKparnoro napymeHHoro rronnoro BayT
peHHero OTPa:JKeH~) HK-crreKrpOCKOIIIfii. B Ka'leCTBe 311eMeHTa MHTIBO HCII011h30-

Ba.JII1 npmMy II3 Ge c ymoM 45° II '111CJIOM OTPa:JKemill 24 II rrpmMy KRS-5 c yrnoM 55° 
H qifC1IOM OTPa:JKeHIIii 14. l1cn011h30Ba.JIH cneKTPOtPOTOMerp "Specord M-80" (Carl 
Zeiss Jena). TipoHHUaeMOCTh MeM6pau .llAA BO.llhi II3Meprurn Ha CTaH.llapnmii cpiUibJpa
unmmoii yCTaHOBKe cPM0-2 npn 3a.llaHHOM rrepena.lle .n;asne~ Ha o6paJuax llllOrna
.llhiO 254 MM2 (Hcnollh30Ba.JIII rrpe.n;sapHTeJILHO O'IHineHHyiO cp1111LTPauHeii q:epe3 TM 
.lli1CT111111llp0BaHHylO BO.ll)'). 

8 mpem~:>eu znaee rrpHBe.llellhi pe3ynLTaThi nccne.n;os~ rrpouecca XIIMmecKoro 
TPaBlle~ TPeKOB BhiCOK03HepreTII4HhiX HOHOB B nonmipoillilleHe. l13yqeHo BJIINHHe 
ycnosnii TPaBlle~ (reMrreparyphi, speMeHH, KOHUenrpaUHH peareHTOB TPaB~ero 
paCTBOpa) Ha CBOllCTBa II3rOTaBJIHBaeMhiX MeM6paH. J13JIO:JKeHa MeTO.llliKa pa3pa60TaH

HOf0 npouecca rpasne~ rpeKOB IIOHOB B IIOJiilllpOillilleHe. 

Pe3y11LTaThi Hccne.llOB~ rpasne~ TPeKOB B rrollillipOillillene paCTBopaMn pa3-
11li4Horo coCTasa npe.n;CTasneHhi s Tat5n. 1. AHann3 ::JKciiepiiMeHTa.JihHhiX .llaHIIhiX rrp1I
BO.llHT K cne.n;yiOmeMy 3aKJIIO'IeHIIIO. Hau6onee rrepcrreKTHBHhiM .llAA rpasne~ rpeKoB 
B TITI mAAeTC~ o6pa6oTKa B paCTBopax, co.n;epiKaiUHX coe.llliHe~ mecnmaneHTHoro 
xpoMa (ra6n.1, No 1-3). 06pa60TKa B oKHCJIIITellhHhiX cMecHX, co.n;epiKaiUHX coe.llliHe
~ ceMHBa.JieHTHoro MapraiiUa (No 4, 5), Bhi3Lmacr IIHTeHCHBnoe TPaBneHHe rrosepx

HOCTHOro CJIO~ IIOJiilllpOillilleHa, H36rrparellhHOrO TPaBJie~ IIOp IIpli 3TOM He IIpOHC
XO,II;HT. BaphHpOBaHIIe COOTHOille~ pearrrpyiOinliX KOMIIOHeHTOB B .llaHHhiX paCTBOpax 

He rrpHBO.llHT K rronoiKUTellhHhiM pe3yllhTaTaM - m6rrpaTellhHoro TPaBlle~ TPeKoB He 
Ha6niO.n;acrc~. Tipii rpasnemrn B BO.llHhiX paCTBopax rrepoKCH.lla so.n;opo,II;a H202; xnop
HOBaroii KHCITOThi HCI03 n rrepcynhcpaTil aMMO~ (NH4)zS20s (ra6n.l, No 6-8) Ha6-
JIIO.llaeTc~ 3Ha'IHTeJihHOe OKIICJieHHe IIOllillipOillilleHa, 'ITO BblpaiKaeTC~ B CHHiKeHIIH Me
XaHH'IeCKOll rrpo'IHOCTIIlllleHKII. Tpasne~ rrop B 3TOM cnyqae TaK:JKe H~·rrpoiiCXO.llHT. 
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TAii.JilliJ,A 1. TpaBJICHHe nommpommeHa "Torayfan" T2372 TOJIII.II1HOi11 0.0 MKM B pa3!1ll'I

HhiX cpe~ax; llJICHKa 06JIY'ICHa HOHaMH KCCHOHa (nJJOTHOCTb nop I0
8 

CM-
2
) 

CoCTaB TJ)aBHII~ero TeMrreparypa BpeMJI TonmHHa rrocne 3$cjleKTHBHbiH 

No paCTBopa TpaBJJeHHJI rpasneHHJI o6pa6onm .UHaMeTp nop 

(
0 C) (MHH) (MKM) (MKM) 

PacTBop H2S04 c 

p = 1.44 r/cM
3 

+ 50 r/n K2Cr201 

2 PaCTBop H2S04 c 

p = 1.30 r/cM3 

+ 250 r/n Cr03 

3 Bo.UHLiii pacTBop 

Cr03, 1000 r/n 

4 PacTBop H 2S04 c 

p = 1.83 r/cM
3 

+ 25 r/n KMn04 

5 PacTBop H3P04 c 

p = 1.69 r/cM
3 

+ 20 r/n KMn04 

6 H202 (p = 1.1 I r/cM
3
) 

7 HCI03 (p = 1.08 r/cM
3
) 

8 CNH4)2S20s, 20% 

60 

80 

80 

90 

60 

80 

20 

30 

25 

30 

60 

50 

85 

0,5 r-----------. 
"$. 
~· 0,4 

~ 
1§ 0,3 

~ I 0,2 

fr 
"1: 8 0,1 

~ 
0 10 15 20 25 30 

BpeM>I, MHH 

120 

70 

10 

,J 6 
30 

10 

" 

180 

150 

150 

120 

90 

120 

60 

$ "$. 
" . 

100 

i3 ~ 90 
ill <1) 

~ ~ 
" 0. ~ g 80 
~ 0. 

0 ~ !a Ol j i 70 

9.6 

9.6 

9.7 

9.7 

9.8 

9.8 

8.0 

8.2 

8.4 
8.5 
10~ 

10 

10 

0.10 

0.10 

0.15 

0.15 

0.30 

0.25 

TIOphl HC 

o6HapyJKeHbi 

Tiophl He 

06Hap)'lKeHbl 

Tiopbl He 

OfiHap)'lKeHbl 

TiopLl He 

06Hap)'lKeHbl 

TiopLI He 

06Hap)'lKCHbl 

60L-~L-~L-~L-~L-~L-~ 

0 10 15 20 25 30 

BpeMll, He.LI.eJill 

P11c. I. P11c. 2. 

Puc. 1. l13MeHCHliC co.uepJKaHHJI aHTHOKCH.UaHTa B rrpouecce rpasneHHJI nn-rrneHKII T2372 (/)II 

T2400 (2) B paCTBope XpoMOBOro aHnUpH.Ua C KOHUeHTpaUHei1 1000 r/JI, TCMrreparypa TpaBJJeHHJI 

80°C. IlrreHKH OfiJIY'ICHhl IIOHaMH KCeHOHa (nJJOTHOCTb IIOp 10
8 

CM-
2
). 

Pnc. 2. 0rHOCHTCJJbHOe yMeHLlliCHne .uaaneHHJI paJpyllleHHJI TITITM, nony'leHHbiX Ha ocHose 

IDieHKH_T2372 (/)II T2400 (2) npn CTapeH1111 B eCT.":CTBCHHbiX YCJIOBIIJIX Ha CBC"I)'. 
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lhy'ICHHC npouecca rpaBJJCHllll llOJIHilpOmlliCHa IIOJBOJJliJJO BhlllBHTh CJJC.llYJOUlHC 

3aKOHOMCpHOCTif. flpH rpaBJJCIIHH flfl~IIJJCHKH B paCTBOpax liiCCTHBaJJCHTHOro XpOMa 

Ha6JUO.UaeTCll 113!\ICHCIIHC ee nonepXHOCTHhiX CBOHCTB: KpaCBOii yroJJ CMa'IHBaHHll YMC

HhlllaeTCll OT 98 .UO 65°, npH'IHHOH 'ICro llBJillCTCll OKHCJJCHHC IIOBCpXHOCTll IIOJJIIMCpa II 

o6pmonaHne nonllpHhiX rpynn. Ha CHllThiX MeTO.UOM MHflBO HK-cneKTPax nporpan

JJCIIHhiX o6pa3UOB o6Hapy1KCHhl IIOJJOChl IIOfJJOlllCHilll I7I5 H 3460 CM-
1
• KOTOpblC MOryT 

6h1Th OTHCCCHhl K BaJJCHTHhll\1 KOJJC6alllllll\l Kap60Hllllhllh!X II fH.llpOKCHJihHhiX rpynn .. 

KpoMC TOro, Ha6JIIO.UaeTCll yMCHhliiCHHO HHTCHCIIBIIOCTH IIOJIOC II68 H 998 CM.
1
,;CBll-

3allllhiX c KpnCTanlllJ'ICCKoii ljlmoii nonnMepa. 'ITO YKaJhiBaeT Ha al\10pljl113aumo nonn

Mepa npH rpaBJJCHHII. Ilo.uo6HhiX HJMcuennii He o6napyJKHBaeTcll Ha HK-cneKTPax. Ja

nHcaHHhiX o6hi'IHhiM cnoco6oM. JTO CBII.lleTCJJhCTBYeT o6 o6pmonamm napyllle!moro 

CJJOll B TOHKOM IIOBCpXHOCTIIOJ\1 CJIOC MCM6pan. flpH naphnponallllll yCJJOBHii rpaBJJCHIIll 

rny6mm nonepxnoCTHoro cJJOll H3MCHlleTCll. B npouecce rpannennll. KpoMc Toro. · na6-

mo.uaercll pacxo.uonmme anTHOKCH.UanTa.(pHc. I). npH'ICM yMeHbliiCHIIC ero co.uepJKa

HHll B IJJJCHKax 060HX TIInOB 11p011CXO.lli!T C 11pH6JJH3liTCJihll0 paBHhll\111 CKOpOCTllMH: 
~ . 

5 ·I 0 · % Amn. CymeCTneuHoe pmnn'lne KoHuenrpaunH aHTHOKcn.uaHTa n ncxo.UHhiX 

IIOJ11111p011HJJCHOBhlX IIJJCHKax OllpC.UCJJlleT pa3JJH'IHYIO YCTOll'IIIBOl..'Th IlflTM. IIOJJY'ICII

llh!X ua 11x ocuone. TaK TM, nony'leHHhiC na ocHone nneHKn T2372. xapaKTepmyioTCll 

60JlhliiCH YCTOH'IIIBOCThiO K OKHCJJCHHIO 110 cpaBHCHHIO C MCM6paHaMII, IIOJJY'ICHHhll\111 

na OCHOBC IIJICIIKH T2400 (puc. 2). fl,1CHKa nma T2372 B TrOii CBll3H BhlrD.lliiO OTJJII

qaeTCll 11 MOIKeT fihiTh HCIIOJih30BaHa .llJill 113rDTOBJJCIIIIll IIOJJIIIIpOIIIIJJCJIOBhiX rpCKOBbiX 

l\ICM6paH. 
06pa30BaHHC HapyliiCIIHOfO IIOBCpXHOCTHOro CJJOll li YMCIIhliiCIIIIC KOHUCHrpaUIIII 

aHTHOKCII.llaiiTa n npouecce rpanneHIIll CKaJhmaercll ua ciioiiCTnax McM6pan. B Ta6n.2 

npiiBC.UCHhl napaMerphi nommponn.(ICHOBhiX TM. nony'leHHhiX rpanJICHIICM n · pa<.,'TBO

pax liiCCTHBaJJCHTIIOfO XpOMa pa3JJH'IH0f0 COCTaBa. BpcMll rpaBJICHIIll B KaJK)lOJ\1 ")KCilC

pHMCHTC Bh16paHO TaKHM, 'IT06hl OliO llpHBO.llliJIO K o6pa30BaHIIIO MCM6pa11 C .UIIaMCT

pOM,IIOp Ha IIOBCpXHOCTII 0.30 MKM. MOIKHO BH.lleTh, 'ITO COKpalllCHIIC BpCMCHII rpaBJIC

HIIll" (3a C'leT YBCJIH'ICHIIll ero CKOpOCTll) Bhl3h!BaeT IIOBhlliiCHliC MCXaHII'ICCKOii npoq

IIOCTH MCM6pa11, npH'IliiiOH 11Cf0 llBJilleTCll YMCHhliiCHHC TOJilllliHhl IIOBCpXHOCTIIOfO Ha

pyliiCHHOro CJIOll. YMCHhliiCHHC BpCMCIIH rpaBJJCHHll BC)leT TaKJKC K MCHhliiCMY pacxo.ay 

aHTHOKCH.UaHTa, 'ITO o6ycJJOBJIHBaeT IIOBhllllCIIHC YCTOH'IHBOCTII MCM6pan K OKIICJICIIIIK) 

(pHC. 3 a, 6). 
OueHKa cKopoCTn 11 m6HpareJJhHOfl"H rpannennll rpeKOB .llllll uccncJlOBallllhiX rpa

BlllllHX paCTBOpOB lllCCTHBaJJCHTHOro xpmta (Ta6JJ. 3) npHBO.lliiT K CJICJlYIOIIUIM pC3YJih

TaTaM. YMCHhliiCIUIC KOHUCHrpaUHit CCpHOH KHCJIOThl II 11Cil0Jih30BaiiiiC XpOl\IOBOrO an

nt.Upii.Ua (Cr03), o6na.uaiOlllCrD 60JJhliiCH paCTBOpiiMOCThiO 110 cpanHCIIIIIO C fillxpoMa

TOM KaJJIIll (K2Cr20 7), 1103BOJilleT IIOBhiCIITh KOHUCHrpaUliiO liiCCTIIIlaJICIITIIOrll XpOMa B 

paCTnope, 'ITO np11no.unT K ynemt'lemuo In6npaTeJihHOCTll rpaBJICllllll TpcKon. Pacrnop 

No 3 o6na.uaer Han6oJihmeii n36HpaTeJJhHOCThiO rpaBJICHIIll. ,llocmruy-roc "Jna•Jcnnc 

V1 /Vb = 285 B CJJy'laC IIOHOB KCCHOHa o6CCilC111IBaCT ljlopM11ponaHIIC UIIJJIIIIJlPII'ICCKIIX 

KaHanOB .UHaMerpOM 0.3 MKM. 06 :lTOl\1 CBII.lleTCllhCTBYeT COBilll,llCIIIIC ;111aMcrpOB HOp 

:lljlljleKTHBHOro 11 Ha uonepxHOCTH MCM6paHhl (Ta6JJ. 2. No 3). flpiiMCIICIIIIC TpamnCJill 

.uam10r0 cocrana llOJBOJJlleT, KpOMC TOro, 11CilOJJh30BaTh )]Jill OOJIY'ICIIIIll IIY'IKII IIOIIOB C 

MCHhliiCH llTOMHOii Maccoii. TaK, 1136HpaTCJJhHOCTh rpaBJICllllll Jlllll IIOIIOB Kpmmma 

COCTaBJilleT I65 (Ta6JJ. 3. No 4), 'ITO MOIKeT CliYJKIITh OCIIOBOii )lJlll npOMhllllJICIIIIOI"ll Jn-

roTOBJJCHitll flflTM. . • . 
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TA!i.!IHII.A 2. TpaBJieHHe nn T2372 B pacTBopax, CO]lepiKall\HX coe]lHIIeHHJI wecTHBaJieHT-
II Oro xpo~m; nJieHKa 06Jiy'leHa HOHaMH KCeHOHa (nJIOTHOCTb nop J 0~ CM-2) 

BpeMJJ ,llHaMeTp nop 3cjlcjleKTHBHbiH Pa3pywmowee 
No Cocms TPaBJJwero TPasneHHJI Ha IIOBCpXHOCTH .UHaMCTP nop ]laBJICHHC 

paCTBOpa npH 80°C MCM6paHbl (MKM) ( 105 na) 
{MHH2 (MKM) 

Pacmop H2SO~ c 
p= L44 r/cM3 

+ 50 r/n K2Cr207 70 0_30 0.10 0.95 

2 PacTBOp H2S0~ c 
p = 1.30 r/cM

3 _,J 

+ 250 r/n Cr03 15 0.30 0.25 1.90 

3 BoJIHblil pacTsop 
Cr03, 1000 r/n 10 0.30 0.30 2.40 

4. 80JIHbiH paCTBOp 
Cr03, 1000 r/n 4 0.30 0.30 2.85 

·MeM6paua No -1 npH 80°C 6blna npoTPaBneua JIO JlHaMeTPa nop 0.10 MKM, JaTeM - .uo 0.30 MKM 
TPaBJJeHHeM rrpH 20°C. 

~ 

3,5 3,5 

c 3,0 c 3,0 4 

0 ~-0 

-. 2,5 --: 2,5 
0: "' :s: :s: 
:I: :I: 3 2,0 3 2,0 
;-, ;-, 

. c. c. 
- ~ I,5 ~1.5 

c. c. 

" " ~ I,O ~ I,O 
" " .-: .-: 
" " ~0,5 ~ 0,5 

0 'i (() 15 20 25 30 0 5 I 0 I 5 20 25 30 35 

BpeMH, He.uenH BpeMH, •me 

a 6 
Puc.- 3: HJMeHeHHe MexaHH'IecKoil rrpo'IHOCTH ITnTM, nony'leHHbiX rpasneHHeM B pa3llH'IHbiX 
CPe.UaX (HyMepai.IHJI KpHBbiX COOTBCTCTByeT HyMepai.II-IH MeM6paH B Ta6Jl. 2), npH CTapemm B ec
TeCTBeHHbiX ycnOBHJIX ua caery (a) H ua soJ.uyxe rrpn 140°C (6). 

l1'3 npe.I(CTaBJieHHbiX Ha pnc. 3 ,I(aHHbiX BH.I(HO, qTO ,I(a:lKe npn HCIIOJib30BaHHH BO,I(HO

ro pacrsopa xpoMosoro aurn.npn.na o6pa3yiOTCJI MeM6paHhi ne.noCTaToqno ycroifqnshie 

K OKHCJieHHIO. 8bi'3BaHO 3TO TeM, qTO speMJI 1paBJieHHJI, He06XO.I(HMOe ,I(JIJI HX H3fOTOB
JieHHJI, BCe :lKe BeJIIIKO. )],Jill ynyqiiieHJij{ 3KCliJ1yaTaiiHOHHbiX xapaKTepHCTHK MeM6paH 

uaMn npe.I(JIO:lKeHa Mero.nnKa .nsyxcra,nniinoro TJlaBJieHJij{ (f1aTeHT P<l> No 2056151, 
6.11. No 8, 1996). Ha nepsoii cra,nnn KpaTKOBpeMeHHhiM 1pasnenneM npn noBhiiiieHHOii 
TeMneparype B o6nyqeHHOH liJieHKe C0'3.I(aBaJIH CKB03Hbie KaHaJibl C MaJlbiM ,I(UaMe1pOM 
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nop (Ta6JI. 2, No 4). Ha BTOpOH CTil,lllJH 1paBJieHlleM npn KOMHaTHOH TeMIIeparype B 
MeM6paHe liOJiy<IaJIII liOpbl 31l,llaHHOfO pa3Mepa. J1CliOJib30BaiDie ,I(aHHOH MeTO.zull<II II03-

BOJIHJIO norry'lnTh MeM6panhi, npaKTilqecKH He ycrynruolll,lie no npoqnoCTH II3BeCTHhlM 
f13T<l> 1peKOBbiM MeM6paHaM n ycrofiqiiBbie K Oh.'II.crremno (pnc. 3, KpiiBhie 4). IloJIII

nponnrreHOBhie MeM6paHhi, noJiy<IeHHbie B ::niiX ycrroBIDIX, xapaKTepli3yiOTCj{ TaiOKe no
BhiiiieHHoii ycroifqnsoCThiO B pj{.ne XIIMnqecKH aKTIIBHbiX cpe.n. TaK, B03.nei1crnne KOH
ueHTJlnposaHHhiX paCTBOpOB MHHeparrbHbiX KIICJIOT II rii.I(pOKCII,I(a Ha1p1Ij{ B -reqemre 

30 CYTOK npn KOMHaTHOH TeMIIeparype, KaK IIOKa3biBaJOT JKCIIepHMeHTaJibHbie ,I(aHHbie, 
npaKTnqecKn ne H3MeHj{eT TaKIIX xapaKTepnCTHK MeM6pan, KaK ra3onpommaeMOCTb, 

npoqHOCTb Ha pa3pb1B. 

T Ali.JIIIIJ.A 3. l--136HpaTeJlbiiOCTb TpasneHHJI rpeKOB HOIIOB B f1II T2372 npH 80°C; nneHKa 
06Jly'leHa HOHaMH KCeHOHa (No J-3), KpHnTOHa (No 4) 

CKopoCTh TPaB- IlpoJIOJlhHaJJ l-h6HparenhHOCTb 

No Cocms TPaBJJmero neHHJI'!!erroape)K- cKopocTb TPaaneHHJI 

pacTsopa 

Pacmop H2S04 c p = 1.44 r/cM
3 

+50 r/n K 2Cr207 

2 PacTaop H2S04 c p = 1.30 r/cM
3 

+ 250 r/n Cr03 

3 Bo.UHhiii pacTsop Cr03, 1000 rln 

]leHuoro Mare- rpaaneHHll ~KOB, 

pHana, vb ~KOB, Vt Vt/Vb 
oo·2 MKMIMHH) (MKMIMHH) 

0.2 

1.2 

1.5 

0.085 

1.45 

4.25 

40 

120 

285 

4 Bo.UHbiH pacmop Cr03, 1000 r/n 1.5 2.50 165 
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PHc. 4. PHc. 5. 
PUC. 4. 3aBHCHMOCTb H36npaTeJibHOCTH rpaaneHHJI ~KOB HOHOB KCCHOHa B llJICHKe 1'2372 OT 
reMneparypbi rpaaneHHll a paCTBope xpoMosoro aHfHJlpHJla c KOHI-IeHTPaiU~eii 1000 r/n. · 
PUC. 5. 3aBHCHMOCTb H36HpareJibHOCTH rpaaneHHJI ~KOB HOHOB KCeHOHa B nJieHKe T2372 OT 

KOHUeHrpai.IHll XpDMOBOrD aHfH]lpHJla B paqrnope; TeMneparypa rpaBllCHHJI 80°C; · 
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OrrruMII3aiJ,Irn napaMerpon npouecca TpaBnemrn .lUUI KIDI<,L{OHII3 CTli.L\Hii npHBO.LIHT K 

cne.zzyromuM pe3yJibTaTaM. Tpannenue np1I nonbiillCHIIOii TeMnepaTYPe cne.r~ycr npono

.LIIITh npii reMneparype OT 60 .LIO 100°C. lJ:aHHbiM nHTepnan TeMnepaTYPbi xapaKTepmy

eTCH nan60JlbillCH II361IpaTCJibHOCTbiO TpaBJICHIIH TpCKOB (p1IC. 4). llpH TCMIIepaTYPC 

HIDKe 60 II Bhime 100°C ll361IpaTeJibHOCTb pe3KO cnmKacrca, 'ITo npuno.r~nT K yxy.r~IIIe
HHIO CTpYKTYPHbiX xapaKTepiiCTHK ~leM6pan - IIOphl npuo6peTaiOT KOHyC006pa3HyiO 

4JopMy. Ha nTopoii CTa,LIHH Tpasnenne neo6xo.r~nMo npoBO.LIHTb npu B03MO)KHO 6onee 

Hll3Koii reMnepaTYPe. Ilpone.r~enne IIOBTOpHoro TpaBJieHIIH npn TCI\meparype HH)Ke 

10°C, o,liHaKo, ueuenecoo6pa3no, TaK KaK npw 3TOM 3Ha'IHTeJihHO ynenwqunacrca npeMH 

TpaBJieHIIH, II BeCb npouecc CTaHOBIITCH MaJIO~!lJ!lJeKTIIBHbiM. 
Hccne.r~onaHHe BJIIIHHIIH co.r~ep)Kanlll! xpoMonoro anrn.r~pn.r~a n TpanHmeM paCTnope 

na npouecc TpaBJICHlUI TpeKOB IIOKa3hiBaeT: 3aBIICHMOCTh ll36HpaTCJlhliOCTH TpaBJieHlll! 

OT KOI!UeHTpauiiH peareHTa xapaKTepll3yeTCH ITillpOKHM MaKCHMYMOM B 06JiaCTH 800-
1000 r/JI (piiC. 5), IIpii IICIIOJih30BaHHII .lUUi TpaBJICHIIH TpCKOB B llll BO,llllhiX paCTBOpOB 

XpOMOBOfO anrll.Lipll.Lia C KOI!UCHTpaUIICH Bhillie 1000 r/JI IIpOHCXO,liiiT CHH)KCHHC H36H

paTCJibHOCTII Tpannemrn. TeM He Mcnee, HaJiwqiie IIII.LIYKUIIOHnoro nepiio.r~a, n Te'leuue 

Koroporo TpaBJieHIIH nonepxnoCTHoro cnoa ITIT-IIJienKn He npoiiCXO.LIHT, no3BOJilleT 

IIpHMCHl!Tb B TCXHOJIOfii'IeCKOM npouecce paCTBOphi XpOMO!JOf<X<aHfll.LIPII.Lia C KOHUCHT

paUIICH .LIO 1100 r/n. Ynenwqenne CKopoCTII TpaBJieHlll! TpeKon npu 3TOM npnBO.LIHT 

K 3Ha'IHTeJlhHOMY B03paCTaHIIIO 1136npaTCJihHOCTII TpaBJieHmi. 3KCIIepHMeHTaJihHall 

OUeHKa ll36npaTeJihHOCTH TpaBJieHIIH B 3TOM CJiyqae ,llaeT CJie.LiyiOIUIIe pe3yJihTaThi: .LIJlll 

HOHOB KCCHOHa V1Nr= 600, .lUUI IIOHOB KpHITrOHa - 350 (B paC'IeTax HCIIOJih30BaHhl 

cpe.r~nne 3Ha'leHIIH pa,llllaJihHbiX cKopoCTeii, onpe.r~eneniie KOTOphiX 6hmo npone.r~euo HJ 
,llaHHbiX 3JieKTpOHHOH MHKpOCKOHIIH). 

B 'lemeepmoii enaee npune.r~enhi pe3yJihTaThi uccne.r~onanllll npouecca cencu6n

JIII3auiiH TpeKOB Tli)KCJlhiX HOHOB B IIOJIIInpOIIIIJICHe nyTCM o6pafiOTKII opraHH'ICCKIIMII 
paCTBOpllTCJiliMH . 

.ll:Jlll npone.r~eHIIH 3KcnepHMeHTOB fihiJI Bhi6pan PM paCTnopHTeneii, OTHOCl!IUHXCll 

K pa3JilfqHbiM KJiaCCaM opranwqeCKHX COC,liHIIeHIJii (anu!lJaTii'leCI(IJe yrJICBO.LIOpO,llhi II 

HX CMeCH, XJIOpiipOH3BO.LIHbie anu!lJaTwqeCKUX yrneBO,liOpO,liOB, apoMaTH'IeCKIIC, fH,llpO

apoMaTlfqCCKUC yrJICBO,liOpO,llbi, CITUpTbi, KeTOHbi), paCTBOpHIOIUIIC HU3KOMOJICKYJillp

Hhle roMonoru nonnnpoiiiiJiena. Mcro.r~HKa nJroronneulll! nonunponiiJieuonhix TpeKo

BhiX MeM6pan c npHMenenneM MeTO,lla cenciJ6IIJin3aUIIII paCTnopHTeJieM (llaTeHT P<D 
No 2056150, E.H. No 8, 1996) coCToHJJa n cne,L~yiOIUeM. 06ny'leHIIhie ycKopeunhiMn 

uouaMu Illl-IIJieHJ(IJ o6pa6aThinanu n Te'lenne onpe.r~eneuuoro npeMenn n paCTnopnTe

ne. TeMnepaTYPy o6pa6onm naphnponanii. Ilocne Bhl,llcp)KKII n paCTnopiirene o6pa3Uhi 
BhiCymiiBaJIII Ha B03,llyxe U IIO,liBepranu TpaBJieHIIIO. 

Y MeM6pan, U3fOTOBJICHHbiX C IIpHMCHCHHCM ,llaHHOH MeTO,llliKII, uafiJIIO,llaeTCll yne

JllfqCHIIC npommaeMOCTli IIO cpaBHCHHIO C Heo6pa60TaHHbiM B paCTBOpiiTCJie o6pa3UOM 

(m6n.4) H YMeHbmeuue npeMenn CKB03Horo TpaBJICHllll TpeKon (puc. 6). 3To noJBOJilleT 

C,liCJiaTb BhiBO,ll 0 IIOBhiiiiemrn TpaBHMOCTU TpCKOB. To CCTb o6pafiOTKa ofinyqeHHhiX 
Tli)KCJlhiMH HOHaMli IIJICHOK . IIOJIIInpOIIIIJICHa B BhifipaHHbiX paCTBOpHTeJIHX npiiBO,liUT 

K ceHCH6IIJIU3aUIIII TpeKOB, 'ITO, IIO-BII.LIHMOMy, CBH3aiiO C yneJIU'ICHHeM CB060.LIH0f0 

o6beMa n o6naCTu TpeKon, npoiiCXO.Lillmero Ja C'ICT y.r~aneulll! npo.r~yKTon .r~eCTpyKUim 
MaKpOMOJICKyJI IIOJIIIMepa, o6pa3yiOIIlHXCH IIpli pa,liHOJIII3C. 

ilCIIOJib3YCMhiC OpfaHII'ICCKIIC paCTBOpUTCJIII BCChMa 3!lJ!lJeKTHBHhi, OHH paCTBOpliiOT 
HII3KOMOJieKyJillpHbiC !lJpaKUHII IIOJIIIIIpOIIIIJICHa IIpii HU3KIIX TeMIIeparypax. ll03TOMY 
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TA6JIIILJ.A 4. ~aHHbiC 0 Tp3BJ1CIIIIH IIOJlHIIpOIIHJlCIIOBbiX IIJlCIIOK "ToraJfan". o6pa60T311HbiX 

paCTBOpllTCJlliMII IIpll TCMIICparype 20°C 

MapKa 
IIOJlll

npOIIH-
JlCHa 

T2372 

T2400 

PacTsopuTC!lb, 
npHMCIIliCMbiH 
!l!lll o6paOOTKII 

KOH'fPOJlbllbiH 
o6pa3en 

OCHJIIII 

remaH 

M-KCIIJlOJl 

4eTblpCXX!10p11C
CTbiH yrnepo;:t 

KOHTpOJJbllbiH 
o6pa·1eu 

YaiiT-cnupuT 

Kepocu11 

OCH311H 

TeTPaJJIIII 

BpeMll o6- BpeMJI 
paOOTKH TPasne-
B paCTBO- Hill! npu 

puTene T=80°C 
( Mllll) ~ ~IIIII) 

10 

5 10 

5 10 

5 10 

5 - 10 

20 

10 20 

10 20 

10 20 

10 20 

Ton- raJonpomma- 3{jl{jleKTIIB-
UUIHa CMOCTb np11 Hblii nua-
MCMO- ~P=2·I04 na MCTP nop 
paHbi (M!liMIIII) (MKM) 
(MKM) 

9.9 0 CKB03HbiX 
IIOp IICT 

9.7 52.0 0.160 

9.7 56.0 0.165 

9.7 60.0 0 170 

9.7 54.0 0.160 

9.8 2.0 0.095 

9.6 58.0 0.335 

9.5 64.0 0.340 

9.6 '60.0 0.335 

'9.5 65.0 0.340 

( . x· "' 
OpiiMC'laiiiiC, TpaBJJCIIIIC nn MapKII T2372 (nJJOTHOCTb nop 10 CM-.) np0113BO)lllnOCb B paCTsope 
cepHoii KIICJJOTbi c p =o L303 r/cM~. co;:teplKaiUeM 250 r/11 xpoMosoro anru;:tpuna. MapKu T2400 
(IIJJOTIIOCTb nop 107 CM-2

)- B BOJlHOM paCTBOpe XpOMOBOrO 31lr11JipHJl3 C KOilUCIITpaitiiCH 1000 r:n: 
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"' ~ 5 
g. s 
2 :1_ 4 

~ ~ 
~ ~ 3 
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"' 2 :1 
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r 

6 10 

BpCMR o6pa60TKH, MHII 

:10------------, 
~ 25 

iii 20 

g. § 
0 :1 
l5 ~IS 
:I: 0 
8 a1 
~ g. 10 

~ 
0.. 
m 5 

2 

oL-._-L~--L-~-L~--L-~_J 
20 40 (>() KO 100 l~ll 

TeMncpal)va. "C 

Puc. 6. Pnc. 7_, 

Puc. 6. 3a·sucuMOCTb speMeHu cKB03HOJ-o 'fP3BJJCHIIll TpeKos uouoo Kceuo11a s 1111-wiCHKC T2400 
OT JlJIIITCJibHOCTII o6pa6(JTKlt B 6eii31111C 'np11 TCMnepaTYpC 20°C; TCMOCpaTYpa Tp3BJICllllll 80°C

Puc. 7. 3anucnMOCT~ speMCHII cKB03Horo· Tpasncmtll TpcKoB nmws Kccumm npn 70°C n· 1111-
nneHKC T2400. CCIICIIOIIJII1111poBaiiiiOH B 6eli31111C, 'oT TCMOCpaTYpbl TCpMOo6pa60TKit llpll Iiponc
JlCHitlt Jl3IIIIOH CTaJlltlt B .OJIIIII Jiail (/) II nsa :nana (2}; BpeMll TCpMoo6pa60TKil liJIH K3iiC10nl 
JTalla 15 MIIIL 
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3¢¢eKT cencn6lmn3amm npoannaerca y'lKe npn KOl\manmif TCMncparyp<; 3a .nonoJibHO 
KOpOTKOe BpeMll 06pa60TKII (3-5 Mill!). DOBbiWeHHe TeMneparypbl He Bbl3biBaCT yncJIH

qeHIIll ceHCH6HJil13HpyiOIUero 3QJQJeh:Ta - )laJibHeiirnero yMeHbWeHHll BpeMeHH CKB03HO
ro rpaBJieHHll rpeKOB He Ha6JIIO)laeTCll. 

Xapa~~:TepHo, qTo nocne o6pa6oTKH paCTnopnTeJIHMH B03paCTaer CKopoCTb rpanne

HIIll nneHOK C HOBepXHOCTII (Ta6JI. 4). 3To o6yCJ10BJieHO TeM, qTQ npnMeHlleMbie paCT

JBOp!ITeJIH, Bbl3biBM Ha6yxaHne nonnnponnneua, npnBO.llliT K ero nnaCTHQJHKaunu. Yne

nuqeHHe CKOpOCTH 1paB!IeHHll HOBepXHOCTHOro CJIOll MaTepnana CHH'lKaeT H36npaTeJ1b

HOCTb rpaBJieHHll rpeKOB, B pe3yJibTaTe qero npOHCXO)liiT QJOpMHpOBaHHe KOHYCHbiX 

nop. C UeJib!O y.LiaJieHIIll a6cop6npOBaHHOro paCTBOpHTeJlll H3 MarpHUbl IIOJIHMepa BBe

.LieHa CTa.LII:VI TepMoo6pa6oTKH. Tiponenenue Tep~ioo6pa6oTKH cencn6nmnuponanHbiX n 

paCTBOpHTeJlC IIOJJHllpOHHJleHOBbiX nJieHOK, O)lllaKO, npn TeMneparype BbiWe 40°C, KaK 

IIOKa3biBaiOT 3KCnepnMeHTaJibllbie .llaHHbie, npHBO)lHT K perpeCCHH rpeKOB - npeMll HX 

CKB03HOro rpaBJJellllll yserruqnsaCTCll (pHC. 7, KpiiBall f). 3To, IIO-Bll)lHMOMy, CBll3aHO C 

TeM, qTO paCTBOpHTeJlb, He Y.LiaJieHHbiH H3 30Hbl rpeKa, npH 6bicrpOH .necop6UHH, npo

HCXO)lliiUeH npn Bb!COKOH TeMneparype Bbl3biBaeT 11 3aJieqnnaHHe" rpeKOB. B pe3y.TihTa

TC o6pa3yiOIUHeCll MeMfipaHbl JJH60 He HMe!OT CKB03Hb!X nop, JlHfiO CQJOpMHpOBaHJibie 

nopbl HMe!OT 3naqnTeJ1bHYIO KOHYCHOCTb. 8MeCTe C 3THM, HCCJJC(J.OBaHHbiH .LIHana30H 

TCMneparyp OT 20 .llO 40°C He ll03BO!IlleT IIOJIHOCTb!O Y.llaJiliTb 'paCTBOpHTeJib H3 Marpn

Ubl IIOJIHMepa, IIOJJllall .LieCopfiUHll ero npOHCXO)lliT Jlllllib npH 6011ee BbiCOKOH TeMnepa

rype. ,[(.rill )lOCTH'lKeHHll IIOCTaBJJeHHOH UeJIH CTa.LIHIO TepM006pa60TKH HaMH npe.ll!IO'lKe

HO npOBO.llliTb B )lBa 3Tana: KpaTKOBpeMeHHOH o6pa60TKOH npn TeMneparype He BbiWe 

40°C paCTBOpHTeJJb Y.llaJilleTCll Il3 30Hbl rpeKOB, IIOCJJe)lyiOIUeH o6pa60TKOH npn IIOBbl

rnemmif TeMneparype .LIOCTnraercH ynanenne paCTnopnTenH H3 norrnMepnoif MarpHUbi. 

0nTHMH3aUHll napaMerpOB BTOpOrO 3Tana CTa.LIHH TepM006pa60TKII npHBO.llliT K CJle)ly

!OlllHM pe3yJJbTaTaM: o6pa60TKY CeHCH6HJIH3HpOBaHIIbiX B paCTBOpHTCJJe IIOJJI!IIpOHHJle-

T A6JIIIUA 5. B!IIfJIHHC CeHCH6HJJH3aQHH paCTBOpHTCJJeM Ha H36HpaTeJJbHOCTb 'TpaBJICHHJI Tpe
KOB HOIIOB KCeHOHa B llO!IIfllpOllli!ICHe; TeMnepaTypa TpaBJJCHHJI 80°C 

MapKa BpeMJI Opo,uonLHaJI Pa,uHaJJbHlUI l136npaTe-
HOJIH- Y CJIOBHJI CCHCHfiHJIH3H- CKB03HOfO CKOpOCTb CKOpOCTb JlbHOCTb 

nponH- PYJOuteii o6pa60TKH Tp3BJICHHJI Tp3BJICHHJI Tp3BJICHHJI Tp3BJICHHJI 
JICHa TpCKOB TpCKOB, V, TpCKOB, V, TpCKOB, 

(MKM/Mllll) (10'2 MKMIMHII) V1 /V, 

T2372" KoHTPQJILHblii o6p33eQ 3'30" . 1.45 1.2 120 

bCII3HH (5 MHH npH 20°C), 
TepMOOfipafiOTK3 (5 MHH npH 
30°C " I 5 MHH npH 95°C) 45" 6.60 1.1 600 

T24oo·· KoHTpOJJbHLiii o6p33eu 3' 1.70 4.0 40 

bCH3HH (5 MHH npH 20°C), 
TepMOofipafiOTK3 (5 MHH npH 
·30°C H )5 MHH npH 95°C) 50" 6.10 3.7 165 

• Tpasnel!ne o6pa31.{0B nn MapKU T2372 npOH3BO,llf!JIOCb B BO.QHOM pacTaope cepHoii KHCJJOTbl 
(p = 1.30 r/cM\ CO.QepJKauteM 250 r/n XpOMOBOro aHni.Qpn.na. · 

•• TpasneHHe o6pa3QOB nn MapKn T2400 npOH3BO,llf!JIOCb B BO.QHO~ pacrnope xpoMOBOro aHni,ll
pnna c KOHI.ICI!TpaQHeii I 000 r/JJ. 
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HOBbiX nJieHOK, o6nyqeHHbiX Tll'lKCJJhiMII HOllaMH, CJJe.LiyeT npOBO.llliTb IIpii TeMnepa'fYPe 

oT 85 no 105°C B Teqenne 10-I5 MIIH. Tiponenenne nenponorr)JarrerrhnoH: no npeMeHII 

TepMoo6pa60TKH npH TeMnepa'fYPe MeHhmei:J:, qel\f 85°C Ha ,ll;aHIIOM 3TaiTC ne npiiBO)l;IIT 

K HOJJHOH .LieCOpfiUHH paCTBOpHTeJJJI, npOBe.LieHIIe 'lKe TepM006pa60TI<IJ: IIpll TCMnepary

pe BbiWe I 05°C Bhi3hiBaCT perpeccmo rpeKOB (puc. 7, KpiiBM 2). ' 
8 Ta6rr. 5 npnne.nenhi .u;anllhie o BJJIIliHHII cencn6IIJJH3auHII paCTBopnTerreM na m6n

paTellhHOCTh rpaBJJeHIIll rpeKOB UOHOB KCeHOHa B nOJJIIllPOillUiene. Bu.u;no, 'ITO. CCH

CH6HJJH3aUHll paCTBOpHTeJJeM Be.LICT K 3HaqJITCJJhHOMY nOBhiilleHHIO. H36npaTCJJhHOCTII 

rpanrrennH . .ll:oCTIIreyroe 3naqenne V1 N, = 1000 B crryqae "Torayfan" T2372 npu uc

nOJJb30Banun rpannTeJJJI coCTana I 000 r Cr03/rr cnoco6CTByer <flopMnponanmo UHJJHH
npuqecKIIX HOp Ha ypOBHC O.I-0.2 MKM. fiOBhlillCHIIC H36npaTCJJhHOCTII rpanJJeHIIll, KpO

Me TOro, IIpHBO.llliT K yMellhiiieiiinO pa36poca )l;llal\lerpOB nop no BCJJWIIIHe {puc. 8). 

3ro no3BOJJHCT norryqaTb rpeKOBhie MeM6paHbi c 6orree onnopo)l;lloi:J: CTPYJ<TYPOH. 

6~--------------------~ 

~ 
~ 4 
5 
0 
:t 
!; 3 

0. 
0 
t:: 2 
0 

5 
:s: 

::r' I 

0 

., 
2 ... :· 

'• '. '' .. .. , 
; " . 
1 1 . . . . . . . . . . . . 

: } 
,) .../ 

. . . 
l\ 

0,05 0,10 0,15 0,20 

,[(HaMeTp nop, MKM 

0,25 

Puc. 8. KpuaLie pacrrpe.ueneHilJI rrop no aeJilllill
He .nuaMeTpOB ceHcu6f!Jill31iposaHHOii:, V1N, = 
600 (1) ll HCCCHCH6llJlll3Hp0BaHHOM, V,N, = 40 
(2)IITITM. • 

B nRmoii enaee npe.u;CTanrrena npe.ll!IaraeMM rexnorrornqecKM cxeMa 1-panrrellllll 

rpeKoB n norrnnpomrnene, npnne.n:ellhi OC1fOBHhie cnoifCTna n napaM:erphi mroranrriffiae

MhiX MeM6pan. fiOKa3aHO, UO B IIeJJJIX ynyqmellllll KaqeCTBa UOJJIIllPOillUieHOBhiX rpe

KOBhiX MeM6pan B TCXHOJJOrnqecrorrft IIpOIIeCC HX norryqeHIIll Ue06XO.ll1111f0 BBC.llCHIIC 

CTa.LIHII · y.n:anenilli ancop6nposamlhiX na nonepxnoCTII MeM6pan coe.llllllemlli xpo~m. 
J13JJaraiOTCll pa3pa60TaHHhiC 1\leTO.llhl pa3pymeHIIll IIOBepXHOCTHOrO XpOMCO.llep'lKalllero 

CJJOll. ' 

KnuCTHqecKHe KpHBhie njlouecca o6pa30BaHIIll ancop6unoHIIoro xpoMco.n:ep'lKalllero 

CJJOll na IIOBepXHOCTII noJJHllpOIIHJieHOBhiX rpeKOBhiX MCM6pan (puc. 9) xapaKTepmy

IOTCll nannqneM MaKCHMYMa, o6ycrronrrennoro cymeCTBosanneM liH.lcyKIIimnnoro ne

pnona, B .feqem!e KOTOporo rpanneHIIll nonepxnoCTn rmenoK ne nponcxo,!UIT; Kmm

qeCTso xpoMa B TIII-nneHKax na 3TOH CTa.LIHII npouecca paCTCT co npeMeneM, .llOCTIIraH 
MaKCHMaJihnoro 3naqeHifll npnMepilo qepC3 20 MHH nocrre naqana rpanrreHIIll. ITo OKOH

qaHHH llll.ll}'KIIHOHHoro nepuo.n:a B pC3y.Iihrare.so3HIIKHoneullii ,KOHKypnPY!Ouiero npo

uecca rpanneHIIll no-Bepxnocmoro' cnoH na6JJIO.u;aercSI YMellhmenne KOuUeUTP3rum xpo-
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Ma. Co.n:epmmrne xpoMa B rrosepxuoCTIIOM cnoe 1111TM npu 3TOM cymeCTsemm 3asu

CHT OT · nrna HCIIOJib3YCMOH IIJICHKH H TCMIIeparyphl TPaBJICHIDI. ,[{Jill IIJICHKH T2400 

xapaKTepHhi 6onee HH3KHe 3HalJeHIDI KOHUCHTPaiUIH xpoMa no cpasuenmo c IIJienKoii 

T2372. 3To o6ycnosneuo 6onee BhiCOKoii CKopoCThiO TPaBJICHHll 1111 .nannoii MapKn u 

6onee KopoTKHM IIH,LI)'KIUfOHHhiM rrepno.noM TPaBJieHHll. 11ocne.nnee CBll3ano c MCHh

IDHM co.nepmairneM aiiTHOKCH.naiiTa. 11pn rrouHJKenuu TeMrreparyphl TPaBJieHHll co.nep

JKairne XpOMa B IIOBepXHOCTHOM CJIOC MCM6paH y6hiBaeT. 
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BpeM>I, MHH Co~ep>KlUrne xpoMa, I 0·2 Mr/~2 

Pnc. 9. PHc. 10. 

Puc. 9. 3aBllCHMOCTb co.nep)K3HIDI xpoMa Ha nosepXHOCTll MeM6paHbl B npo~ecce TP3BJieHHll nn

nJieHKH T2372 (I) n T2400 (2), ofi.JIY'IeHnoilnonaMH Kcenona (nnornoCTh nop I 08 CM-2), npH 80°C 
B paCTBOpe XpOMOBOro 3HrH.!Ipll.!la C KOH~eHTP3~Hell 850 r/JI. 

Puc. 10. 3asncHMOCTh ycmilqHBOCTll IITITM (speMenn .no nonnoro pa3pyweHHll MeM6pan) npH 
140°C OT co.neplKaHnll xpoMa s nosepxHOCTHOM cnoe. 

Hanwme IIpHMCCH xpoMa Ha IIOBCpXHOCTII 1111TM liBJllleTCH IIOMCXOH npu HX HCIIO

Jlh30BaHHH: npH <lJUJihTPaQHH arpeCCIIBHhiX JKH.l(KOCTCH. (KOHUCHTPHpOBaHHhiX paCTBO

pOB MIIHepaJihHhiX KHCJIOT ll fii.l(pOKCH,1(0B ll(CJIOlJHbiX MCTaJIJIOB): CIIOC06Hb!X pmpy

maTb COp6HpOBaHHbiC COC,l(liHCHllll XpOMa, IIpOHCXO,l(HT 3arpll3HCHHC <lJHJihTPaTOB, lJTO 

liBMeTCll HC.l(OIIyCTIIMhiM Mll peaKTHBOB npHMCIDICMhiX B MliKp03JICKTPOHHKC BBII.nY 

B03MOJKHOCTH JICfllpOBaHIDI IIOJIYIIpOBO,l(HliKOB. 11pHMCCh XpOMa, KpOMC TOfO, YCKOplleT 

IIpOU.CCCbl OKHCJIHTCJlhHOH .l(CCTPYKU.UH, lJTO 3Ha1JHTCJlhHO COKpamaeT CpOK 3KCIIJiyaTa

lliiii MeM6pmr (pnc.IO). 11onhiTKH pmpymenull a.ncop6u.nmmoro xpoMco.nepmamero 

CJIOll c noMOIIJ.biO OKIICJIHTCJieii: (11areHT P<l> No 2039587, EJ1. No 20, 1995) npnso.nliT 

K CIUIJKCIIIIlO MCXaHif'lCCKOil IIp01JHOCTH MCM6paH (Ta6JI. 6, No 2): C QCJihiO COXpaHCHHll 

KalJCCTBa IIOJilllpommenoshiX TM Mll y.nanemlll coe.nrnreHnil xpol\m 3<lJ<lJeKTHBHhiM 

OKa3aJIOCh npHMeueune paCTsopos rn.npoKcii.nos meJIOlJI,IhiX MeTaJIJIOB (11aTCHT P<l> 
No 2062642, E.H. No 18, 1996), npn so3.neiiCTBIIH KOTOphlx na rioniinponHneuoshiC 

TPCKOBbiC MCM6pallb! pa3pymenne XpOMCO.nepJKall(HX COC.l(IIHCHIIH .l(OCTHfaeTCll B pe-

3YJihTa~e pCaKIJ.IHi fH.npOJIII3a. Y.nanCHIIC COC.l(IIIICHIIH XpOMa C IIOBCpXHOCTll MCM6paH 
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np011CXO,l(IIT np11 IIOCJIC.l(YfOW:CH IIpOMhiBKC BO,l(OH. ,[{aHHhiH MeTO.l(, npaKTIIlJCCKII HC Bhl-

3h1Ball YMCHhWCIIIIll IIpOlJHOCTII MCM6paH, CYWCCTBCHIIO CHHJKaeT B HIIX co.nepmaHIIC 

xpoMa (Ta6n. 6, No 3). 
11CIIOJlh30BaiiHC BO)lHhiX paCTBOpOB WCJIOIJCH, HMCIOW:IIX BhiCOKOC IIOBCpXHOCTIIOC 

HaTliJKCIIHC, HC II03BOJllleT, O.l(HaKO, npOH3BO.l(liTh IIOJIHyiO O'IHCTKy IIOJllmpOIIliJICHOBhiX 

TPCKOBhiX MCM6pan C MaJib!Mll .l(HaMCTPaMH IIOp. 3TO IIpOHCXO.l(JIT BCilC.l(CTBIIC TOfO, 

'ITO npu o6pa60TKC )laHHhiM pearCIITOM nnTM, xapaKTCpH3YIOIUHXCll ru.npo4Jo6HhiMJI 

CBOHCTBaMH (3Ha'ICHHC Kpaesoro yma C~la'IJIBallllll COCTaBJilleT II5-I20°), IIOBepx'HOCTh 

nop HC CMa'IHBaeTCll, H y.nanemie COC.l(IIHCHHH XpOMa npOIICXO.l(IIT Jlllillh C BHCWHCH IIO

BCpXIIOCTH MCM6pau. BBC.l(CIIHC B BOJlllhiH paCTBOp IUCJIOIJH CIIIIpTa IIJIII IICIIOJlh30BaHIIC 

CIIIIpTOBOfO paCTBOpa ll(CJIOIJII CIIJIJKaeT IIOBCpXIIOCTIIOC HaTliJKCHHC IIpiiMCHliCMbiX pac

TBOpOB, B pC3YJihTaTe 'ICfO np011CXO.l(HT IIOJlllall O'IHCTKa MaTPIIUhl nnTM OT npiiMCCII 

xpoMa (Ta6n. 6, No 4, 5). AHanorii'IHhiC pe3yiihTaThl 6hiJIH nony'ICHhl naMH np11 nocne

JlOBaTCJihiiOH o6pa60TKC B CIIHpTC II BO,l(HOM paCTBOpC rHJlpOKCII,l(OB IUCJIO'IHhiX MeTaJI

JIOB (Ta6JI. 6,.No 6). 

T AliJJIIUA 6. 0•mCTK3 HOJIHHpOmJJieHOBbiX TpCKOBbiX MCM6paH C .[IH3MCTpOM nop 0.3 MKM OT 
npHMCCH XpOMa 

YcnoBHll o6Ea6oTKH Co.nepJKmnte L\aBJieHHe 
No PeareHT, Mac.% TCMneparypa BpeMl! xpoMa pa3py_weHHll 

(oC) (MHII) (%) ( 10' na) 
--------------

KOHTPOJibHall MCM6pa11a - - 0.084 ± 0.008 2.95 

2 H202,3% 80 30 0.012 ± 0.002 1.25 

3 Na0H,5% 60 10 0.007 ± 0.002 2.75 

4 C 2H50H +2% KOH 40 20 He o6uapylKeHo 2.85 

5 C2H50H, 80% + 4% NaOH 50 15 He o6ImpyJKeHo 2.80 

6 l·honpomJJIOBbiil cnHpT; 25 5 
NaOH, 10% 40 10 He o6uapy)KeHo 2.75-

0ITTHMH3aUI!ll napaMCTPOB npouecca O'IIICTKII nnTM OT llp11MCCII xpoMa np11B0;111T 

K CJICJlYIOIQHM pe3yJihTaTaM. 06pa60TKY IIOJIHIIpOiliiJICHOBhiX TPCKOBbiX MCM6pau CJH:

.UYeT npOBO,l(liTh B paCTBOpax, CO.l(CpJKaiQHX CII!tpT (HJIH CMCCh CllllpTOB) B KOIIIlCHTPa

UHH oT 80 .uo 100 Mac.%, u (HIIJI) ~o.nno-cnupTOBhiX paCTsopax c KOHUCHTPaiUicii 

cnupTa (mm cMecn cnupTos) yKmanuoii KOHUCHTPauuH, co.uepmaiUJJX mnpoKcn;l lllC

noqnoro MeTaJJJia OT 0.5 .no 20 Mac.%. 11cnoJih30BaHne BO.UHhlx paCTsopos. c(vlcpma

W:IIX CllHpT H fH.l(pOKCH.U ll(CJIO'IHOfO MCTaJIJia B KOHUCIJTPalliiH BIIC yKa"3allllbiX ;11talla-

30HOB, KaK ll0Ka3hJBaeT OIIhiT, He liBJilleTCll 3<lJ<lJeKTHBHhiM. 06pa60TKY B;1allllb1X pacT

sopax HC06XO,l(IIMO npOBO)lliTh npH TCMneparype IIC BhlillC 70°C, 1160 B 11pOTIIRIIOM CJIY-

'IaC npOHCXO,l(IIT '1pC3MCp110C Ha6yxaHHC MaTPHUhl IIOJIIIMCpa. . 

npe.nnaraCMall TCXHOJIOrH'ICCKall CXCMa TPaBJICHHll TPCKOB BhiCOKO"JHCpreTII'lllhiX 110-

HOB s nommpommeue, TaKHM o6pmoM, BKJIIO'IaeT cne.nywnu1e cramm: 

I) CCHCII611JIH3aUIIll JiaTCHTHbiX TPCKOB llYTCM B03)lCHCTBIIll paCTBOpiiTCJICM; 

2) TCpM006pa60TKa B JlBa 3Tana: npn TCMneparype OT 20 )lO 40°C II IJOCJIC)lYKllllall 11p11 

TCMIICparypc OT 85 .1(0 I 05°C; 
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3)T}JaBJICIIHC TJJCKOB B BO.llHOM pacrsope XpOMOBOro aHrH.llpii.Ua C _KOHUCHT}JaUHCH 

I 000-1100 r/n rrpu Ter.meparype oT 60 .uo I 00°C .uo o6paJosaHHH CKBOJHbiX Kauanos 

MaJIOro paJMepa; 

4) T}JaBJICHHC B BO.llHOM paCTBOpC XpOMOBOrO aHrH.UpH.Ua yKaJaHHOH BbiWC KOHUCHT}Ja

UHH rrpH TCMrreparype oT I 0 .uo 40°C .uo coJ.uaHHH rrop Ja.uauuoro .uHaMCT}Ja; 

~ 5) rrpOMbiBKa B .llHCTHJIJIHpOBaHHOH BO.UC; 

6) pa3pyrneHHC o6pa60TKOH B WCJIO'IHbiX paCTBOpax ( BO.llllbiX IIJIH BO.lliiO-CHHpTOBbiX) 

a.ucop6HpOBaHHbiX ua IIOBCpXHOCTH MCM6paH XpOMCO.UCp)l(aUlHX COC.UHIICIIHH. 

flo OKOH'IaHIUI XHMH'ICCKOH o6pa60TKH MCM6pa11bl IlO.llBCpraiOT rrpOMbiBKC B .lliiC

THJIJII!pOBaHIIOH BO.llC H cyWKC B TOKC TCITJIOfO B0'3.llyXa. 8 pa1pa6oTaHHOM MCTO.llC, B 

OTJIII'IHC OT T}JanHUHOHHOfO, rrpOUCCC T}JaBJICHIIH COCTOHT 111 .llBYX CTa.UHH, 'ITO IT03BO

JIHCT yny'IWHTh pH.U sa)I(HbiX xapaKTepHCTHK MCM6paH: TeimocroiiKOCTb n ycroiiqn

BOCTb HX K OKIICJICIIIIIO. flpHMCHCHHC MCTO.Ua CCHCH6HJIH3aUHII paCTBOpHTCJICM npHBO

.lliiT K ITOBblillCHHIO O.llHOpO.UHOCTH pa3MCpOB rrop ITO BCJIII'IHHC. fiOBblliiCHHIO Ka'ICCTBa 

ITITTM cnoco6crsyCT TaK)I(C sse.uenHe .uorroJIHHTCJibHOii cra.uHu y.uaneuHii a.ucop6npo

saHHbiX coe.UHHCHHH xpoMa. B HaCToHmee speMH B Ol151l1 HaJia)l(eH rronynpoMbiWJICH

HbiH BbmycK ITITTM. ITapaMCT}Jbi BbmycKaeMbiX MCM6pau rrpuse.ucubi B Ta6n. 7. .. 
TAii.JIIIUA 7. flapaMCTpbl II CBOHCTBa liOJIHllpOllliJICHOBbiX TpCKOBbiX MCM6pau 

flapaMCTJl 

TOJJlllHHa MCMfipaHbl, MKM 

Pa1Mep MeM6paubl 

)lHaMCTJl HOp, MKM 

fiJJOTHOCTb nop, CM·l 

nopHCTOCTb, % 

MaKCHMaJJbHall pa60'Iall TeMneparypa, oc 
Kpaesoll yron cMa'IHBaHHll, rpa.u 

Cnoco6 cTepHJJH1aUHH 

Pa6o'IHH !lHanaJoH pH 

XHMH'ICCKall CTOHKOCTb 

8enH•mua 

10.0 

8 BH)le )lHCKOB CTaH)lapniOrO pa3Mepa 

0.1-3.0 

I0''-2·10R 

8-10 

140 

115- 120 

8 aTMocljlepe BO.lll!Horo napa B Te'leHHe 2 'lac npH 

120°C 

0-14 

YcTOH'IHBbl B KOHUeH-rpHpOBaHHbiX paCTBOpax MH

uepaJJbllbiX KHCJJOT H rH)lpOKCH)lOB lllCJJO'IHbiX MC

TaJJJJOB, B paCTBOpax opraHH'ICCKHX paCTBOpHTeJJeH 

J-la pHC. II npC.UCTaBJICHbl MHKpO!jJOTOrpaqnm IIOBCpXHOCTH H CKOJia flfiTM C .UHa

MCTJJOM nop 0.2 MKM. yf3 OCIIOBI!biX npCHMYUlCCTB IIOJIHilpOIIHJICHOBbiX TJJCKOBbiX 

MeM6pau TaK)I(C cne.uyCT -OTMCTHTb cne.uyromHe. ITITTM HMCI-OT 6onee posnyro 11 rna.u

KYIO nosepxuoCTb no cpasneHHIO c nosepxnocrbi-O TM H3 noJJH3THJICHTCpeQ>TanaTa, 

.llJIH KOTOpblX xapaKTCpHO 60JiblliOC KOJIH'ICCTBO .UCQJCKTOB. fiOJIHIIpOHIIJICHOBbiC T}JC

KOBbiC MCM6paHbl HBJIHI-OTCH 6UOJ10fli'ICCKH naCCHBHbiMII, liM CBOHCTBCHHa MaJiaH 30Jib

HOCTb. BbiCOKM XHMH'ICCKM ycroiilfiiBOCTb ITITTM B KOHUCIITpHposaHHbiX pacrsopax 

MHHCpaJibllbiX KJICJIOT .UCJiaCT B0'3M0)1(HbiM HCIIOJib30BaHHC IIX .llJIH MHKpOQJHJlbT}JaUHOH

IIOH O'IHCTKH cpe.u, npHMCHHCMbiX B rexnoJtorHH H3rOTOBJJCHHH C6l1C. Bo3MO)I(HOCTb 

CTCp11JJI11aUHH .llCJiaCT HX npHrO.UHbiMII .llJIH HCIIOJib30BaHHH B MC.UHUHHC. 
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PHC. 11. 3JJCK-rpOHHble MHKpOljJOTOrpaljlrm"'nOBepXHOCTH (a) li CKOJia (6) IIOJillllpOITliJICHOBOH 

TJlCKOBOH MCM6paHbl C ):IHaMCTJlOM rrop 0.2 MKM, IIOJIYlfeHHOH XHMH'IeCKMM TJl3BJieHHeM o6ny

'!eHHOH HOHaMH Kceuona nTI-IIJieHKM T2372. 

WecmaR 2Jlaea nocsHmena H3Y'JCHHI-O npmtecca MO.lllfQJm<aunn CTJJYKTYPbi n no

sepxnoCTII IIOJIII3THJICHTCpCQJTaJiaTHhiX II ITOJIIIIIpOIIHJICHOBbiX TJJCKOBbiX MCM6pau B 

IIJiaJI\IC HCIIOJII-IMCpii3yK>UllfXCH raJOB. 

XapaKTepiiCTliKII MCM6pau, o6pa3yK>WIIXCH npii. B03.llCHCTBIIll IIJiaJMbl aJOTa ll B03-

.uyxa Ha IIOJIIIIIpOfllUICHOBhiC TJJCKOBbiC MCM6pallh1, npiiBC.llCHhl B Ta6JI. 8. MO)I(HO Bll

.llCTb, lJTO .llJIH scex o6pa6oTaHHhiX B IIJiaJMe o6paJuos TITITM npn Bbi6paHHhiX napa

MCT}Jax pa3pll.lla na6JII-O.UaCTCll yMellhmemie IIX TOJJWIITihi n yseJilllJeHHe 3QJQJCKTUBHoro 

.UIIaMCT}Ja nop. 3To CBll.llCTCJibCTByeTO TOM, 'ITO npn B03.llCHCTBIIHIIJiaJMbi npOHCXO.llllT 

T}JaBJICHIIC KaK BHCIIIHCH llOBCpXHOCTll MCM6pau, TaK ll llOBCpXHOCTHOrD CJIOH ( CTCHOK) 

nop. l13MCHCHIIC COCTaBa IIJiaJM006pa3YffiWCrO raJa BJIIIHCT Ha CKOpOcrb T}JaBJICHIIH. 

TaK, 3a.MCHa aJOTa ua B03)J;yX IIOBbiiiiaCT CKOpOcrb T}JaBJICHIIH- 3QJQJCKTIIBHhlH .lllfaMCT}J 

rrop MCM6paH, llOJiy<IaCMbiX T}JaBJICHHCM B IIJiaJMC B03)J;yXa, Ha 15-20% BbiiiiC .lllla.MCT}Ja 

nop aHaJIOrii1JHhiX MCM6pau, o6paJyCMbiX B llJiaJMC aJOTa. BBC.llCHHC KIICJIOpO.lla B COC

TaB llJiaJM006paJyromero raJa, TaKIIM o6pa30M, llOBbiiiiaCT aKTIIBHOC'rb llJiaJMhl. CKO

pOCTli T}JaBJICHIIH, OuCHCHHhiC li3 . rpaQJUKa 3aBHCIIMOCTll '3QJQJCKTliBHOrO .lllfa.MCT}Ja nop 

OT BpCMCHll T}JaBJICHIIH B IIJiaJMC B03)J;yXa pasHa 2.5·10"
2 

MKMfMIIll, B riJJ.aJMC aJOTa B lJ.C

TblpC pa3a HI-I)I(C - 9.6·10"
3 

MKMfMIIll (H3MCpCHIIH npOBC.llCHhl npn .llaBJICHim raJa B Ba

KYYMHOH Ka.Mepe 22.5 na n MouiHoCTH pa3p»:.ua 250 BT). flosbiiiieHHe napa.MCTJJOB 

pa3p»:.lla Bbi3biBaCT yseJJJilJ.eHHe cKopoCTH T}JaBJICHIIH nop B IIJiaJMe. TaK, npii .llaBJiemm 

raJa B BJKYYMHOH KaMepC 22.5 fla ll MOUllfOCTll pa3pll.lla400 BT CKOpOcrb T}JaBJICHIIH 

nop s IIJiaJMe aJOTa pasHa 1.8-10"
2 

MKMIMHH, B nrraJMC B03)J;yXa-:- 3.4·10"
2 

MKMfMim. 

AHarrn3 3KcnepiiMCHTaJibllhiX .llaHHhiX noKaJbmaCT, lJ.TO npn B03.llCHCTBIIll nrraJMbl 

Bq-pa3pll.lla npOHCXO.llllT MO.UUQJUKauHH CTJJYKTYPbi MCM6pau- QJOpMa llX nop n3MeHH

CTCll. TaK, .llJIH MeM6pallhi No 2 (m6n. 8) cpe.llHIIii .lllfa.MCTJJ nop oCTaCTc»: Ha ncxo.lliiOM 

ypOBHC, To CCTh T}JaBJICHHC B nopax 3TOH MCM6pallhl npOII30IllJIO Ha rrry6HHC, HC npCBhl

IIIaJOWCH IIOJIOBlfHY llX .llJillllbl. qacrb KaHaJia nop B 3TOM cnyqae nMCCT UCXO.llHhlC pa3-

MCp n QJOpMy, a lJ.acrb, KaK IIOKaJbiBaJOT ,ll;aHHhlC 3JICKTPOllliO-MUKpOCKOlli11J.CCKOro my

lJ.CHIIH CKOJIOB MCM6pau, npe,n;CTaBJiliCT C060H KOlfYC C OCHOBaHHCM,Ha CTOpOHC, llO,ll;-
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Beprnyroii o6pa6oTKe B IUH13Me. YBeJIIf'ICHIIe BpeMeHII TPaBJieHrnl B runl3Me a30Ta 

(Ta6n. 8, No 3) HJIH IICIIOJih30BaHIIe 6onee aKTIIBHOH HJia3Mbl B03,nyxa (ra6n. 8, No 4) 
np11BO,nHT K pOC'I)' cpe,nHero ,lliiaMCTJJa nop. 0'lCBH,nHO, 1'paBJICIIIIC npOI130lllJIO Ha rny-

6nne, npCBbiiiiaiOIUCH IIOJIOBifHY ,nJIIIHbl nop, a qaCTb CJIO.!I 3TIIX MCM6paH OCTaeTC.!I IIC 

3aTJJOHYfOH B npOIICCCC TJJaBJICHII.!I, TaK KaK cpe,nHlfii ,lliiaMCTJJ liX nop MCHbliiC ,lliiaMeT

pa nop Ha IIOBepXHOCTII IICXO,llHOH MCM6paHbl. )VI.!! MCM6paHhl No 5 IIMCCM: cpe,nHHH 

,nllaMCTJJ ee nop BbiiiiC ,nllaMCTIJa IIOp Ha IIOBepXHOCTII HC o6pa6oTaHHOH B IIJia3MC 

MCM6paHbl. 3To CBH,neTeJibCTBYeT 0 TOM, qTo 1'paBJICHm: npOI130lllJIO B,llOJib BCCro Ka

HaJia nop. HecoBna,nenne JlfllfleKTIIBHOro II cpe,nHero ,nmlMCTIJOB nop B JTOM cnyqae 

YKa3biBaeT na lflopMI1p0BaHIIC KaHaJIOB C lflopMOH B BH,ne yceqeHHOro KOHyca. 06pa60T

Ka TJJCKOBbiX MCM6paH B llJia3MCHCIIOJIIIMCpi13)'10IIIIIXC.!I fa30B, TaKHM o6pa30M, npiiBO

,nHT K o6pa30BaHHIO aCIIMMCTJJif'IHbiX MCM6paH. ACHMMCTJJif'IHbiC TJJCKOBbiC MCM6paHhl 

_C pa3JIIf'IHbiMII xapaKTCpiiCTHKaMII MOryT 6h1Tb IIOJiyqCHbl KaK BapbnpOBaHIICM napa

MCTIJOB pa3p.!i,na (,naBJICHII.!IllJia3M006pa3)'10IIICfO fa3a II MOIIIHOCTII pa3p.!i,na), TaK II 113-

MCHCHIICM BpCMCHII o6pa60TKH IIpii onpe,neJICIIHbiX rrapaMC1'pax pa3p.!i,na. 11CIIOJib30Ba

HIIC 3KCIICp11MCHTaJibHbiX 3HaqeHHII CKOpOCTeH TJJaBJICHII.!I nop 1103BOJI.!IeT IIOJiy'laTh 

TJJCKOBbiC MCM6paHbi C 3a,llaHHOH KOHlfllfrYPaiiHCH nop. 

• 
TAJi.JIHqA 8. H3MCHCHHC xapmcrepucrnK miTM c J<fl<fleKTHBHbiM .nnaMe-rpoM nop 0.185 MKM 

(,llllaMCTJJ nop Ha ITOBCpXHOCTH MCM6paHbl COCTaBJIJieT 0.2 MKM) B rrpo~ecce o6pa-

60TKH B rrna3Me; napaMeTpbt pa3pJI,lla: P ... , == .13 .5 ITa, W == 400 BT 

flJia3MO· BpeMJI Ton- ,l.(HaMe-rp rrop ITopuc- Kpaesoii Bo.QorrpoHH-

No o6pa1y- o6pa6oTKH ll(HHa (MKM) TOCTb yron cMa- uaeMOCTh, 

IOII(IIH B JIJia3MC (MKM) J$$eK- cpe.QHHll (%) '!HBaHHJI ~P=4.5·1 04 
Oa 

rll3 (MHH) TliBIIbiH (MFP) (rpM) !MJifMHII·CM
22 

1 - - 10.0 0.185 0.175 4.8 120 0 

2 AJOT 1 9.9 0.220 0.175 6.8 60 1.6 ± 0.2 

3 AJOT 5 9.9 0.240 0.195 8.1 55 2.0 ±0.2 

4 Bo3.Qyx 1 9.9 0.245 0.190 8.5 65 2.5 ±0.3 

5 Bo3.Qyx. 5 9.8 0.285 0.245 11.4 60 4.6±0.4 

B03,liCHCTBIIC llJia3Mbl (KaK a30Ta, TaK II B03,llyxa), KpOMC TOfO, IIpHBO,llliT K IIOBblliiC

HlllO cMaqlfBaeMOCTII noBepxHOCTII ITITTM (BCJIIf'IIIHa KpaeBoro yrna CMa'lHBaHII.!I cy

IIICCTBCHHO YMCHbillaeTC.!i), qro CBll3a!IO C 06pa30BaiiiiCM IIOJillpHblX rH,npOlflHJibHbiX 

rpytm na IIOJIHMCpHOH IIOBCpXHOCTII. fiOBblliiCHIIC CMaqiiBaCMOCTH IIOBCpXHOCTH MCM6-

paH CIIOco6crnyer npOHIIKHOBCHHIO MOJICKYJI BO,llbl B IIOpbi. TaK, CCJIH KOHTJJOJibHaJI 

MCM6paHa HC IIpOHHIIaCMa ,nJill BO,llbl npn rreperra,ne ,llaBJICHII.!I 4.5·104 
ITa, TO o6pa-

60TailllbiC B llJia3MC IIOJIHIIpOIIHJICHOBbiC MCM6paHbl OKa3biBaiOTC.!I BO,llOllpOHHIIaCMbl 

(Ta6n. 8). Heconrra,neHHe 3Haqennii Bo,norrpoHnuaeMocrn .nJI.!I Mo,nnlf!HIIHPOBaHHhiX 

MCM6paH o6yCJIOBJICHO, rJiaBHbiM o6pa30M, pa3JIIf'IHCM B liX 3lfllfleKTUBHOM ,llHaMCTJJC 

rrop. '11crroJib30BaHHe B Kaqecrne HJia3Moo6pa3yiomero ra3a B03,nyxa npn JTOM Bhl3hi

Baer 60Jiee 3HaqHTCJihHbiC H3MCHCHII.!I B CTpYKTYPC MCM6paH, qTo CYIIICCTBCHHO YBCJIH

qnBaeT HX rrpon3no.nmeJihHOCTb rrpii lflHJih'fJJaiiHH. CMa'lHBaeMOCTh rronnrrpomrneno

BhiX TJJCKOilbiX MCM6paH, ,llOCTUfnyTall fa30pa3pll,llHOH o6pa60TKOH, o,nHaKO, IICCKOJlbKO 

YMCHblllaercll npn xpaHe!IHn o6pa3UOB, qTo, nepmrrno, o6ycnonneHo npoTeKaHneM pe-
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JiaKCaUHOIIJibiX npOUCCCOB, · Bbl3biBaiOIIIHX ncpeopHCHTaUJIIO lflYHKIIHOHaJibHbiX IIOJillp

HbiX rpyrrn B 06bCM llOJlHMCpHOH MaTJJHUhl. 8 IICJIJIX CHmKCHHll KOHlf!OpMallllOHHOH 

IIO,llBHlKIIOCTH MaKpOMOJICKYJI ITOBCpXIIOCTHOfO CJIOJI MO,nH!fliiiiiipOBaHHhiX B HJia3MC 

MCM6paH HaMH I1p1IMCIICHa o6pa60TKa B paCTBOpC ITOJIIIMCpOB, B qaCTHOCTH B 2%-BO,ll

HOM paCTBOpe IIOJIIIBHIIHJIIIHppOJIH,llOHa (fl8fl). TIOBCpXHOCTh MCM6paH B 3TOM CJiyqae 

OCTaeTCll ru,npolflH,1bHOH B TC'lCHHC ,nJIIITCJlbHOfO BpCMCHII. . 

Y BCJlll'lCIIHC 1lfllfleKTHBIIOfO ,nHaMC1'pa nop flfl TJJCKOBhiX MCM6pa11 11p11 o6pa60TKC B 

11Jia3MC, npHBO,llll K IIOBhllliCHHIO 06bCMHOH IIOpHCTOCTH, Bhl3hiBaCT ClllllKCHHC IIX MCXa

Hll'lCCKOH npO'lHOCTll. 3Ha'lCHIIJI p<r3pylllaiOIUCf0 ,naBJlCIIH.!I ,nJill MCM6paH, !1-IO,nJ{lflmm

ponaHHhiX B HJ1a3MC, HCCKOJlhKO HHlKC TaKOBhiX ,nJIJI HCJ\IO,nH!fliiiiiipOBaHHhiX MCM6pan 

TOM JKe nopncroCTH. TIOi106Hhiii 1¢lfleKT o6bJICHJieTCll HaJIH'lHCM nonepxuoCTHoro Hapy

lliCHHoro enol! (concplKamero MaKpOMOJICKYJlhi c HH3KHM MoneKynJipHhiJ\t necoM). o6-

Pa3YIOIIICrocll B npouecce nJia3MCHHOil o6pa6oTKH. ,l(nnTCJihHOe no3,neilcrnne nJia3Mbi 

Ha flfiTM (60J1CC 5 MHH), KpOMC TOfO, Bbl3hiBaJI 3Ha'IHTCJlhHOC paCXO,llOBaJIHC aHTIIOK

CH,naHTa (Ta6n. 9). cHHJKaer ycroil'lunocrh MeM6pan K oKilcneHIIIO. 

TAiiJIIILI,A 9. J.13MCIICIIIIC MCXaHil'ICCKOH npO'IHOCTIIIl YCTOH'IHBOCTII K OKIICJICIIIIIO llOJIItnpo-

llllJICHOBbiX TpCKOBbiX MCM6paH B npO~CCCC B03.liCHCTBIIJI n.iJa3Mbl a30Ta: napa-

MeTpbl pa3pJina: Pill,= 22.5 na, w = 250 BT 

BpeMjJ 3$$CKTilBHblH PaJpywaiQmee Co~eplKaHne BpeMjJ )lO non11oro 

No o6pa60TKII .QnaMeTp nop .QaBJICHIIC afiTIIOKCII.QaiiTa paJpyweHIJjj MeM6-

B nnaJMe (MKM) (10
5 

Oa) snnTM paHbi npu 140°C 
(Mil H) (%) ('tac) 

0.185 .2.95 0.44'± 0.04 48 

2 I 0.205 2.75 0.42 ± 0.04 42 

3 2 0.215 2.60 0.36 ± 0.04 36 

4 3 0.225 2.45 0.32 ± 0.04 28 

5 5" 0.245 1.90 0.26 ± 0.03 16 

6 10 0.290 0.65 0.08 ± 0.02 4 

Bonpoc Bhl6opa pelKHMOB 1'paBJICHllll nnTM B HJ1a3MC B4-pa3pJI,na. TaKJIM o6pa30M. 

HMCeT ,nBa acneKTa. C O,llHOH CTOpOHhl, OH CBll3aH C yCTaHOBJICIIHCM napaMCTpOB pa3pJI

,na, npn KOTOphiX li3MCHCHHll B crpytqype nop MCM6P.aH npHBO,lliiJIII 6hi K ·rpe6yeMOMY 

IIOBhllliCIIHIO HX YLlCJihHOH npOH3BO,llHTCJihiiOCTII, C ,npyroil CTOpOHhl, IIC06XOJUIMO Bhl-

6npaTh napaMCTIJhl pa3p.!i,na, npH KOTOph!X B npOUCCCC 1'paBJICIIIIJI IIC npOIICXO)liUIO 6hl 

3Ha'lliTCJlhHOro CHHlKCIIHJI MCXaHH'lCCKOil npO'liiOCTII MCM6pilll II IIX YCTOii'lllllOCTII K 

OKHCJlCHIIIO. 8h!60p OHTIII\IaJihllhlX pelKHMOB o6pa60TKH (Ta6JI. 9, MCM6paHhl ,\'o 2-.f) 
fi03BOJllleT IIOJly'laTh XHMlfliCCKII yCTOil'lHBhiC MO,lllllf!HlHlpOBallllhiC flflTM, 'ITO ,1CJI<IL'T 

B03MOlKHhiM HCHOJ1h30B3HIIC HX B MHKpOlfl11J1h1'paUHOHHhiX llpOUCCCaX 110 O'IIICTKC BO}l

HhiX XIIMU'lCCKH arpCCCHBIIhiX cpe,n. flp11 HCHOJih30Balllm MCM6paH IIO)l06HOI"O TJIIIa. 

O,nHaKO, CJIC.UYeT Y'lHTbiBaTh; qTo OHII IIMCIOT o,nny pafioqyiO CTOpOHY (IIO}lllCprnyryiO 

B03.UCHCTBIIIO nJia3Mhl ). Ha puc. 14 npe.ncraBJICHhl M11Kpo4JoTorpa¢mt mmcpxnocrcii 

Hcxo.nnoii 11 MO,nlllf!HIIIIPOBaHHOii B HJ1a3Me B03,nyxa IUITM. MolKHO mt,1CTh. 'ITO o6pa-

60TKa B HJia3MC liMCeT paBHOMCpHhlil xapaKTep - O'lt:pTallllll HOp Ha HOBCpXHOCTII MO

.UIIlf!IIIIHpOBaHHOH MCM6paHhl COXpaHliiOT CBOIO lflopMy. J13MCpCIIIIC pacnpCJlCJICIIIBI 110p 
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IIO pa3MepaM IIO.llTBCp)K)laeT 3TOT BblBO.ll - HCXO.ll!IM MCM6paHa li MCM6paHa, o6pa6o

Ta!IHM B nJia3MC, xapaKTepn3yiOTCll ll.llCHTii'IHbiMH noporpaMMaJ',IH. 

803./lCHCTBiie IDia3Mbl HCIIOJIIiMCpH3yiOIUiiXCll fa30B !Ia 00TM He Bhl3hiBaeT 3aMCT

HOH 3p03HH nosepxnocrn (pnc. 12), liTO o6ycnosneno BbiCOKOH creneHbiO KpliCTaJIJIHli

HOCTn .llaHHoro noJIHMepa. HanpoTHB, npn o6pa6oTKe B IDia3Me 03T<t> rpeKOBhiX 

MeM6pan na6nro.uaiOTcll 3HalinTeJihllhie MOpcponoruqecKne nJMenemlll. Ha nepsona-

4aJihHO rJia.llKOH IIOJIHMCpHOH IIOBCpXHOC'rH IIOliBJllllOTCll MHOfOliHCJICHHble KpaTephl 

( OKHCJICHIIO-.llCCTpYKTHpOBaHHbiC 06JiaCTH). OosepXHOCTh MCM6paH CTaHOBHTCll mepo

XOBaTOH. Pa3BHTHC 3p03HH B 3TOM CJiyqae 06bliCHlleTCll TCM, 4TO OKIICJICHHC B aMOpcp

HhiX 1i Kp!iCTaJIJIH'ICCKHX 06JiaCTliX IIOJlli3THJICHTCpecpTaJiaTa, CTCIICHh KpliCTaJiiri14HOC

TH KOTOpOro COCTaBJilleT 40% , H./leT C pa3Hoff•hopOCThiO. 

a 6 

P11C. 12. 3JJeKTJ)OHHble MI1KpO<jJOTOrpaqll111 nosepXHOCTeH 11CXO.UHOH flflTM C .U11aMerpoM nop 

0.185 MKM (a) 11 MO.U11<jJ11U11pOBaHHOH B ITJiaJMe B03.UyXa (6) np11 .UaBJJeHI111 raJa B BaKYYMHOH Ka

Mepe 13.5 fla 11 MOIUHOCTI1 pa3pll.Ua 400 BT; .IIJI11TeJJbHOCTb B03.UeHCTBI1ll ITJiaJMbl ) MI1H. 

Ha pHC. 13 npe.UCTaBJICHhl cpHJibTPYIOIUHC ycrpoHCTBa Ha OCHOBe IIOJIHnponHJie

HOBbiX rpeKOBhiX MCM6paH nJIOCKOfO THIIa, BhinOJIHCHHhiC 113 HCp)KaBCIOIUCH CTaJIH 

12X ISH I OT, B cne.uyiOIUHX MO.llHcpnKarumx: 

a) B KpbiiiiKax, CTliHYThiX crpy6rumaMn H Bhl.llCp)KHBaiOIUHX )laBJICHHC .llO 2·1 0
5 

Oa; 

6) B KpbiiiiKax, CTgHyrhiX CTli)KIIhiMH XOMyraMH H Bhl.llCp)Kl!BaiOIUHX .llaBJieime .llO 

6·105 na· 
B) B Kphiiii;ax, CTliHYThiX 60JITaMH H Ilbl.llCp)KHBaiOIUHX )laBJICHHC .llO 10

6 
Oa; 

- r) B KpbiiiiKax, CTliHYThiX 60JITaMll H Bhl.llCp)KllBaiOIUHX )laBJICHHe .llO 1.6·1 0
8 

Oa. 

0co6eHHOCTh KOHCTpYKIUIH cpHJihTPyiOIUHX ycrpOHCTB .llaHHOfO THIIa 3aKJIIOliaeTcg B 

TOM, liTO MCM6pana IIOMCIUaeTCll MC)K)ly .llBYMll 060JI04KaMH (pHcJJ 0) ll3 IIOJIHMCpHO

fO MaTepnaJia (nanpnMep, noJIH3THJieHTepecf>TaJiaTa HJIH noJIHnponHJieHa)n repMeTH3H

pycrcl! YJihrpa3ByKosoii csapKoii. Oca.uoK (3a.uep)KaHHhie MeM6paHoii liaCTillJ,hi), TaKHM 

06pa30M, 0Ka3biBaeTCll 3aKJII04CHHbiM Me)K)ly 060JIOliKaMH ll MCM6paHOH. ,AJill IIOBhiiiiC

HIIll pecypca pa60Thl rpeKOBhiX MeM6paH cpHJibrpyiOIUHe yCTpOHCTBa ll3fOTaBJlllBaJIHCh 

C IIpiiMeHCHIIeM npe.UcpHJibrpa ll3 CTCKJIOBOJIOKHa <t>CB. Oepe.U yCTaHOBKOH B cpHJihT· 

PYIOIUee ycrpoffcrso MeM6pana npoMhiBaeTcll aucronoM MapKH "oc•l'' B liHCTOH KOMHa

Te KJiacca 100. 
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Ha p11c. 14 np11se.uen o6IUHii BH.ll cpiUihrpyiOmero ycrpoiiCTBa IUUIHH.llpH'IecKoro 

Tnna (a) H ucnoJI~>JyeMhle 8 nnx cf>HJihrp-narpomi Ha ocnose nommponiiJieHOBhiX.rpe

KOBhiX MeM6paH (6) . .ll:aHHM KOHCTpYK[(IUI II03BOJllleT cymeCTBeHHO yseJIH'IHTb DpOII3-

BO.llHTeJihHOCTb npouecCOB cpHJihrpamill H npe.llfla3Ha'leHa .umi cpHJlhrpaunH fa30B H 

)KII.llKOCTeit B MeCTax 'pa3BO.llKII Ha pa3JIHlimie ycraHOBKH. -

a 

PIIC. 13. clli1JILTP)'IOIUHe ycrpoitcma Ha OCHOBe IIOJJII

rrporri1JieHOBhix rpeKOBbiX -MeM6paH IIJI(JCKOrO TIIIIa, 

paccqiiTaHHbie Ha pa3JIII'IIIbie pa6o'llle ):laBJJeHilll. 

6 

PH c. 14. «lli1JibTP)'IOIUile ycrpoitcma UIIJIIIHil:PIIqecKoro TIIIIa (a) i ncnoJJb3yeMbie B nnx <jJI1Jib"fP

narpoHb1 miOCHOBe ITOJIIIITpOITifJJeHOBbiX rpeKOBbiX MeM6paH (6). 

B 211aeax Ill-VI npu noCTaHOBKe paccMarpHBaeMLIX 3a.lla'lmJiaraiOTcg mseCTmie 

TCXHH'lecKHe pemellllj(, o6cy)K)laiOTcg IIX npeHMYIUeCTBa u He.uocraTKH. B KpaTKIIX 

BcryiiJiellllj(X K fJlaBaM )lalffil CChUIKII Ha pa60Thl _asropa, Orpa)KaiOI[(lle OCHOBHOe CO-

.llCp)KanHe mas. , 

B 3aKr.lo'leHuu ccpopMYJinposami ocHosmie pe3yJlbTaThi u BhlBO./lbi, noJI)"'eHHbie 

npu BLIIIOJIHCHHII .UHCCCpTauHOHHOH pa60Thl. , . . 
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OCHOBHb/E PE3YflbTATbl H Bb/BO,l1bl 

1. Pmpa60TaH MeTO.ll llOJIY'ICHIUI XH.MIJliCCKif CTOHKH.X TJ)CKOBbiX MCM6p:rn Ha OCHOBC 

llOJIHTipOilliJICHa, BKJTIO'IaiOl.l.(lill B ce6H CJIC)lYJOIIIH.C CTa)lH.II: CCIICH6Hnll3aUHIO TJ)CKOB 

B03,ZJ;CHCTBIICM paCTBOpHTCJICH B o6nyqeHHbiX BhiCOKO:mepreTH'IHbiMH. TH)KCJ!b!MII IIO

HaMH TITI-nneHKax, m61IpaTCJihHOe XHMII'ICCKoe TJ)asnenne TJJCKOB HOHOB BO.JlHhiMH 

paCTBOpaMH XpOMOBOrD aHrll,llpH.lla II o6pa60TI<y B BO)lllh!X Hllll BO,ZJ;HO-CHHpTOBbiX 

· paCTBOpax rn,npOKCH)lOB IIICJIO'IHbiX MeTanllOB. TIOJI)"'CHbl OllbiTHbiC napTIIH MCM6paH II 

H3yqCHbl H.X OCHOBHbiC CBOHCTBa. 

2. J13)"1CH HpOIICCC XIIMnqCCKOrO TJ)aBJICHIUI TJ)CKOB BbiCOKO:mepreTII'IHblX HOIIOB B 110-

llllnpOilliJICHC paCTBopaMn pmmJliHoro cod-rasa. YeraHosneuo, 'ITO uan6onee J!jl4JeK

TIIBHbiM ,nnH TJ)aBJieHIUI TJ)CKOB B llOIIllllpOHHneHC HBJIHeTCH o6pa60TKa B paCTBOpax, 

CO,nep)!{aiiiil.X COC,ZJ;HHeHIUI IIICCTIIBaJieHTHOrO XpOMa .. Tipe,niiO)!{el! OllTHMaJibllbiH COCTaB 

TJ)aBJITenH: BO,ZJ;HbiH paCTBOp XpOMOBOro auru,npii,na C KOHUei!TJ)aiiHeH 1000~1100 r/JI, 

ll03BOllHIOIIIHH npOII3BO,ZJ;IITh TJ)aBJieHHC C Bh!COKOH CKOpOCThiO H H36npaTCJibiiOCTbiO. 

3. Pmpa60TaH HOBhiH MeTO,ZJ; XJIJ\InqCCKOrO TJ)aBJICHHH TJ)CKOB TH)KCJibiX HOIIOB B HOml

npOilliJICHC, BKJTIO'IaiOl.l.(lill ,nBC OCHOBHblC CTa)lHII: TJ)aBJICHIIC npii TCMneparype OT 60 
,no 100°C MH C03,namrn CKB03Hb!X KaHaJIOB C B03MmKHO MCH'lJllHM ,nnaMerpOM ll llOCJIC

.nyiOIIIeC TJJaBnenne np1I reMneparype oT I 0 .no 40°C .ulm nonyqeHn» nop 3MaHHoro 

pa3Mepa. TioKmano,' 'ITO npiiMenenne pmpa6oTanuoro Mero.na TJ)aBnenn» no3BOn»er 

llOBbiCIITh TCllllOCTOHKOCTh II YCTOHqJIBOCTh. K OKHCJICIIHIO H3rOTaBJIHBaCMbiX llOJIHHpO-

IlliJieHOBblX TJ)CKOBhiX MCM6p:rn. . 

4. TioKmaHo, 'ITO B03,neil:CTBne p».na oprmllJliCCKH.X coe,nnueunii, paerBop»JOIIIIIX nn3KO

Moneeyn»pHbie roMonorn nonnnponnnena, npnBo,nHT K ceucn6nnn3aunn TJ)CKOB TH)!{C

JihiX HOHOB B ,namiOM llOJIHMepe. Y CTaHOBJICHO, ~0 IIOCJIC)l;YJOIIICH HC06XO,ZJ;HMOH CTa

,ZJ;IICH npOIICCCa CCHCH6HnH3aiiHH HBJIHeTCH 'TepM006pa60TKa, HpllMCHHCMM C UCJibiO 

y.naneHIUI a6cop6upoBmmoro paerBopnTen». B Ka'IeCTBe onTnManhHhiX ycnoBnii npo

Be,neHIDI llpOIICCCa CCIICII6Illll3aiiHII npC,niiQ)KCHbl CJIC.llYIOIIIHC pC)!{HI\Ibi: o6pa60TKa B 

oprannqeCI<H.X paCTBOpiiTCJIHX npH I<Oi-.maTHOH TCMDeparype B TC'ICHHC 3-5 MHH II Tep

M006pa60TKa, npoBO,niiMM B .nsa JTana: o6pa6oTKa npn TeMneparype OT 20 .no 40°C 
MH y,naneHllil paCTBOpHTCJIH II3 30IIbl TJ)CKOB II llOCJIC.llYIOIIIM o6pa60TI<a npu TeMHCpa

rype oT 85 .no 105°C .no nomroro y.nanemrn paCTBopJITeM H3 MaTJ)HIIhi nonnMepa. 

TIOKa3aHO, 'ITO HCll0Jih30BaHHC pa3pa60TaHHOro MeTO,na CCHCH6HJIH3aiiHH npHBO,ZJ;HT K 

3Ha'IHTCJihHOMY llOBbiiiiCIDno H36npaTCJibHOCTH TJ)aBJICHIIH TJ)CKOB TH)I(CJ!b!X HOIIOB B 

nomrnponunene, qTQ no3son»er nony'IaTh MHI<po4JnnhTJ)auuonnhiC TITITM c ,niiaMer

poM nop na yposne 0.1-0.2 MI<M. 

5. Tioi<m:rno, ~o B uenHX ynyqiiieiHrn Ka'IeCTBa TITITM B Texnonoruqeci<HH npouecc H.X 

llOJI)"'CHIIH HC06XO,ZJ;HMO BBC,neHHC CTa,ZJ;HJI y,nanCHIIH a)lCOp6upoBaiiHblX B npOIICCCC 

TJ)aBJICHIUI Ha llOBCpXHOCTII MCM6p:rn XpOMCO,nCp)!{aiiiH.X COC,ZJ;HHCHHH. C UCJibiO pa3-

pyiiiCIIIIH a)lCOp6111IOHIIOrD xpOMCO,nCp)!{aiiiCrD CJIOH npe,niiO)!{CI!a Xlll\lll'ICCKM o6pa6oT

Ka B paCTBOpax, CO,nCp)!{aiiiH.X CllHpT (unu CMCCh CllllpTOB) B KOIIIICHTJ)aUIIH OT 80 ,no 

100 Mac.%, II (unn) BO,ZJ;HO-CllliJlTOBblX paCTBOpax C YKa3aHHOH BbiiiiC KOIIUCHTJ)aUHeli 

CHHpTa (IillH CMCCH CllHpTOB), co,nep)!{aiiiH.X rH)lpOKCH)l IIICJIO'II!Oro MeTaJIJia OT 0.5 ,ZJ;O 

20 Mac.% • TIOI<a3aHO, 'ITO IICIIOJib30BaHHC pa3pa60TaHIIOrD Mero,na pa:JpyiiiCHHH a)lCOp-

6IIIIOHHOro. XpOMCO,ZJ;ep)!{aiiiCrD CJIOH, npaKTIJliCCKH HC Bbl3biBM YMCHbiiiCHHH MCXaHII

'IeCI<OH npo'IHOCTII MCM6pau, npnso,nHT K nonuoii O'IHCTKC l'·.faTJJHIIhi TITITM OT npu

MCCH XpOll<~a. 
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6. TioKa3aiiO, 'ITO napaMerpbl TpCKOBblX MCM6paH (,nnaMerp HOp, HpOHHIIaeMOCTh) Ha 

OCIIOBC llOJIIIIIporiHJICIIa II IIX MCXaiiii'ICCKHC CBOHCTBa npaKTH'IeCKH HC H3MCIIHIOTCH 

npH JKCHJiyaTaUHH B KOHUeHTJ)HpOBallllbiX paCTBOpaX MliHCpaiibllblX KHCJIOT II rHJ!pOK

CH)lOB IIIeJIO'IIIbiX MeTaJIJIOB B TC'ICHIIC ,nJIHTCJibiiOrO BpCMCIIH. 3-ro ll03BOJilleT HCIIOJib-

30BaTb nommporrHJICIIOBbiC TJ)CKOBbiC MCM6pa11bl Mll O'IHCTKH paCTBOpOB, 11pHMeHHC-

MbiX B MHKpOJIIeKTJ)OIIHKC rrpn mroTOBJICHIIll CEJ1C. · 

7. YCTaiiOBJieHO, 'ITO 11pH B03)lCHCTBHH 11Jia3Mbl HCIIOJIHMCpH3YIOIIIIIXCll ra30B Ha TJ)f:

KOBbiC MCM6pallbl npOHCXO)lHT TJ)aBJICIIHC llOBepXHOCTHOrO CJ!Oll MeM6paH, COnpOBO)!{

)laJOIIIeeCH yMenhwellneM Hx TOIIIUHHbi u yseJIH'IemieM .llHaMerpa nop. TioKmauo. 'ITO 

CKOpOCTb TJ)aBJiellllll B ITJia3MC 3aBHCHT OT BeJIH'lHIIbl napaMerpOB pa3pll.lla (.llaBJieiiitll 

nmnMoo6pa3yiOwero rma. MOUliiOCTll pa3pll.lla) It coerasa IIJia3Moo6pmyiOIIIero raJa. 

8. YCTaiiOBJICIIO, 'ITO C IIOMOU(biO 1\!eTO.lla ra30pa3pll.lliiOrD TJ)aBJiellllll 1\10)1{110 llarrpaBJIC-

11110 113MCIIliTb CTJJYK'fYPY MCM6pa11 II IIOJiy'IaTb aCHMMeTpH'IIIbiC TJ)eKOBbie MeM6pa11hl. 

o6na.na10mue nOBbiiiieiiiiOH nopnCTOCTbiO 11 y.nenhHOH rrpoH3BO.llliTCJibHOCTbiO. Bapbll

posmme rrapaMerpOB pa3pll.lla II .llJIHTCJibiiOCTll B03.llCHCTBHll 11Jia3Mbl .naer B031\10)!{

HOCTb IIOJIY'IaTb 60JibiiiOH aCCOpTHMeHT aCHMMeTpii'IIIbiX TJ)eKOBbiX MeM6pau C IIIllpO

KHl\1 CHeKTJ)Ol\1 xapaKTCpHCTHK. 

9. TioKa3aiiO, 'ITO npn o6pa60TKC TJ)CKOBbiX MCM6pa11 B 11Jia3MC lleHOJII1Mep113yiOIUIIXCll 

ra30B npOHCXO)lHT llOBbiiiiellne CMa'IHBaeMOCTH HX llOBepXHOCTH. yMellblliaiOIIIeCCll rrp11 

xpaueunn MeM6pau. YerauosneiiO, 'ITO np11 o6pa6oTKe MO.llH4JIIUHposaHIIbiX B nnmMe 

MCM6paH B BO)liiOM paCTBOpC IIOJIHBHIIHJ111Hppomi)lOIIa HX llOBepXHOl:THbie CBOilcTBa 

npH xpaHeiiHll HC H3MeHliiOTCH; ITOBepXHOCTb MCM6pa11 B '}TOM CJIY'IaC OCTaeTCll riiJlpO

!jlHJibiiOH B TC'Ieune ,nJIHTCJibHOro CpOKa. 
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