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Pa6oTa BhlllOJIHeHa B Jla6opaTopHH JI~epHhiX Pea.KD;HH HM. r .H. ct>nepoBa 
O~HHeHHoro HHcTHTyTa JI~epHWX HcCJie~oBaHHH. ' 

Hay•u•we pyJCoaop;HTe.JIH: 

~OK TOp cf>mnmo-MaTeMaTH'!ecx:wc Hayx TpeT:b~osa. CseTJiaHa IIasnoBHa· 

p;oKTop XHMll'leCKHX Hayx M'iep;JIHWBHllH BopHc BHKTopoBH'! ' 

OcJJH~Ha.m:.awe onnoaeaTw: 

,li;OKTOp TexHH'{ec:a::wc Hayx, npocf>eccop Bnacos CTaHHCJiaB BacHJI:beBH'i · 

· KaH,li;H~aT TexHH'{ecx:Wc Hayx, ~oD;eHT CBHTD;OB An~xceH:· AixeKcaH~poBH'i 

Be,a;~as opraaHoa~HB: 

roc~apCTBemn.u'i Hay.nn.m Il;eHTp PoccocKm'i <t>e~epaD;HH 
"HaY'iHo-Hccnep;osaTeJI:bc:a:ri _<l>HOHKo-XHMH'!eCKHH HHCTHTYT 
HM. Jl;JI.Kapnosa" (06HHHc:a:HH: <l>HJIHan) 

........ . . .. 
-3aLQHTa COCTOHTCJl 27 HO.ll6pK'1995 I'._B 'laC. Ha oacep;aHHH ,tJ;HCcep-

Ta.Jn!OHHOI'O CoseT a ,n:.063.41.04 B MocKOBCKOH roc~apcTBeHHOHAKap;eMHH
ToH:B:oH: XHMH'iecxoH: TexaonoraH HM. M.B. JioM:oHocosa (MHTXT) no-a~
pecy: 119831 MocKBa, Manas'IIHporosc:a:as yn., p;-.1.. a~.A301 
. . . ' . ' ~ - ~ ,' 

0To¥SLI- Ha p;HccepT~mO oTnpaimJ!:T:b no a~pecy: 1 l 757i Mocxsa, n~. 
BepHap;cKoro · ~.86 

C p;accepTaD;HeH MO:lKHo ooHaKOMHT:b~ B 6H6JIHOTeKe MHTXT HM. M.B. 
JlOMOHOCOBa . . . 

AsTopecf>epaT paooCJiaH " " OKTJl6pJl 1995 r. 

Y'ieHLIH ceKpeTap:b 

cneD;HaJIHOHpOBaHHoro ~HccepTaD;HoHHoro CoseTa, 
,li;OKTOp cf>HOHKQ-MaTeMaTH'!e<::B:HX Hayx, 
npocf>eccop · 8 .M:KapTallloB 

•. 

06w;aH xapaKTepHCTHKapa()o.T_hi __ , ,_, , , , . 
..-:~, :1~ .:;· ;·r ,,, i ~,.;, ' ~: ' ! l. I\~ : .. ., f f ;. , ; ' . ~ : -, .-· 

•I' •• 

. AKTYaJibHOCTb npo6JieMbi. 

B .HacToJI~e~ BpeMH.Bo_opacTae:r ,OH?;'ie~~(!~M-~;o~o~ M~~6~ammH: O'IHCTKH 

n_ panp;erreHHJI Be~ecTB. TpeKoB:bre MelJ:6P(ll!hl, norry<JaeMLie q6rry:'feHH~M ~ri
JIHMepHhiX nrreHOK .. T JI)KellhiM1I, HOHaMII . II nocrrep;yro~eH ~~H'IeCK~:fi . ~ 6pa.-, 

_ · -•.· -" • · • , .. • •.,. · ".I I 

6oTKOII, xapaKTepuoyroTCJI BhiCoKo:it op;Hopop;HOCThiO ·nopncTo:it CTPYKTYPhl 

H, . KaK crrep;CTBHe, · Bhl~OKO:it . cerre~THBHOCThiO, np~ p~~erre~~. p;~cnep~H~ 
cucTeM. Oco6eHHOCTH HX CTPYKTYPhi o6e~~e~B~IOT 6~JI:b~II~ npe~y~~;-· 
CTBa· npH aHaJIHO~·p;HcnepCHOI'OH Gli~eHTH<?I'O C<?<?TaBa,Oai'pjffi~{!H:H:it, a TaK 

)Ke npn TOHKo:it O'IHCTKe peareHTOB. MeM6paHhl n'3 norrneTI::re~Tef>~~Ta'7. 
rraTa,·npHM~HJieMhie ce:it<Jac B._GTHX npoD;eccax,npm;?}l;H:~"B ?.CHOBH~},fl ;rt;rr~ 
pa60Thl C BO)l;HhiMII paCTBOpaMH, 6JIH3KHMH .K.HeHTpallhHhiM,. H,Hearpe~cH.: 

BHhiMII I'a30BhiMII cpe;rt;aM~. J>acTBop~ CHllh~hl~; K~CIIOT. H ~eJr~~~ii, pa.opy~' 
waroT norriDTHITeHTepe<J>TarraTHLie MeM6pa~hl. B TO )Ke ~p~~- ~ -~o~pe~eH:~ 

' •• • '· '~ '"' ,. ' • " ' ' < • , 

Hoi! TexHorrornn ucnorrhoyroT wnpoKHH, cneKTp arpecciiBHhiX,Be~ecTB Bhl-. 

coKoii 'IIICTOThi. IIMeHH~ noaToMy coo;rt;~He TpeKOBhiX MeM6pan, H.;, ·o~~~~~ 
XHMH'IeCKH CTOHKHX norrnMepoB JIBITJieTcJI aKTYaJihHOH t}a;rt;a'Ieii .. K TaKHM no-

• ,.. • • • • ' ' ~ P • ,. ' • • • ' <' • • I I ' _. , ' '· ;. ; -·. 

liHMepaWOTHOCJITCJI, B .'IaCTHOCTH, llOliHBHHHliH;rt;eH:<J>T?PHII; H_ npoH~)30~~e 

Ha ero OCHOBe. .r·· 

. u;enb pa6oTbi: <.! \ ~ " . " ; '~. "';. 

Paopa6oTKa ¢nouKo-,-xHMH'IecKHX: oc:HoB TexHorrornn norry'IeH.HH. XIIMH'IecKH 

CTOHK.HX .TpeKOBhiX MeM6p~ HO. llOliHBHHHJIH;rt;eH<J>T~pHp;a. H 'ero. con~~HMe~ 
poB: .IJ:rrJI aToro Heo6xo;rt;HMo: noy'IHTh npoD;ecchl pa;rt;norriroa norrHB~~~p;~a'
<J>Topn;rt;a n: ero conorrnMepoB,- nponcxop;JI~He _no;rt; .;rt;eiicTBHeM TJI)KerrhiX no

HOB, llOA06paTh COCTaB ;rt;liJI H06HpaTellhHOI'O XIIMH'Ie.CKOI'O TpaBH~!I~·llaTeH
THhiX TpeKoB, nccrrep;oBaTh perncTpaD;IIOHHhle CBOHCTBa MaTepHaJ!OBj paopa~ 

6oTaTh TexHOliOI'H'IeCKHe pe)KHMhl Ka)K}J;OH H3 CTa;rt;HH HOI'OTOBlleHHJI TpeKO

BhiX MeM6paH H llOliY'tHTh onhi.THhle o6pa3~hl MeM6paH, ,a .T~K)K,e HCClle;rt;o

BaTh HX GKCniTyaTaD;HOHHhle·cBOHCTBa H o6rraCTH npHMeHeHHJI. 

· Hay'IHrui HOBHoHa pa6oTM: 

L Paopa6oTaH :MeTo;rt; norry'IeHHJI TpeKOBhiX:MeM6paa H3 norrHBHHHITHp;eH

<J>Topn;rt;a H ero conorrnMepoB, BKJIIO'Iaro~n:ii:B ce6JI o6rry-.ieHHe TJI)KeJihlMH 

HOHaMH ~ n:o6npaTellhHOe XIIMII'IeCKOe TpaBlleHHe naTeHTHbrx TpeKOB TJI)Ke-

llhiX HOHOB ~eliO'IHhiMH paCTBOpaMH-nepMaHI'aHaTa KaJIHJI. . _ 

2. BnepBhle n;rt;eHTHcJliiD;npoBaHhl npo;rt;JKThl·pa;rt;norrHOai o6paoyro~neCJI no;rt; 

;rt;eHCTBHeM ycKopeHHhiX TJI)KeJihiX HOHOB pa3liH~hiX GHepi'HH n:'Macc, B llOJIH

BliHHliH;rt;eH<J>TopHp;e H ero conorrnMepax. IIpe;rt;cTaBITeHa: cxeMa XIIMH'IecKHX 

?.'7':~llt[~ .:::L~~o_i~;:;~_,. ' ' 

~
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\Z'VI;;?It~ •" .. J • ·~ ·-·-·- ... 
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npou;ecco.B, npmrcxo;rvnn;nxnpuaT6M:1 ' :·: :.,, •... ,_·_,: ':· ·'· :: .·-· ; ... 

3.IIpe;o;rrmKeH MexaHH3M rm6npaTellbHoro TpaBrreHxur rra'I'eHTHbiX TpeKOB uo

HOB B norrnBnHnrru;o;eH<f>·Topn;o;e nero conorrnM:epax li"ripe;o;rro)KeHbi cx~Mbi.XII-. 

MIMecxir£nj)oil;ecco':B:·YcTaHOBiieHO cyrn;eCTBeHHOe o'I'mi:'!IIe B CKopocTJI Tpa;. . 

BrreHrur.Ma'repnami:B o6nacTii miTeHTHhix TpeKoB n c noBepxHocTII'nrreiiKII. 

Ilpe;o;rrmKeH on'TriM:arri:.libl:n; c TO'lim 3peHIIJ! 1136irpaTellbHOCTII II _cKopocTn, . 

co eTas p;ID:r XllMII'IeCKOrO TpaBJieHUJI _TpeKOB. Mccrre;o;oBaHa 3aBII.CIIMOCTb CKO . 

pocTn 1r n36I1paTenhimcTn 'npon;ecca o'I' I{oH:u;eHTpan;irn peareHToB n TeMne-

paTypbi. •" · ' ' · . _ . 

4.' Mccrre;o;oBaHbi perncTpa~no~bie' CBOHCTBa norrnBiiHIIrrn;o;eH<f>Topn;o;a n ero . 
, '"·I" 'f • • .,. '·" >' • • 

conorrnMepoB. · ·· '· · · . ' ·· · · ·' • . . 

5. Onpe;o;erreHbi ocHmiHhie cBoilc'I'Ba norry'leHHbiX TpeKoBbiX MeM6paH: <f>opMa 

. nap' II pacnpep;erreHHe nop' no ;o;IiaMeTpaM. B MeM6paHaX B 3a:i3IICIIMOCTII: OT: 

y;o;errbHbiX rio:Hn:Jau;noHHbiX noTepb'ncnorrb:JyeMwx noiioB, XHMII'leCKaJI cToil-' 

KdcT:E~ Me~6pairri:pn 13Kcniiya;au;Hn: B pa3liii'IHbiX arpecciiBHbiX cpe;o;ax, <f>I1rrb-
Tpau;noHHbie xapaKTepHCTIIKH :MeM6paH. • · '• . . . . 

;':. ' , i . ·, ~' ~' 

IlpaKTH'IE!CKM' u;eHHOCTb pa6oTbl : : ' ' ' , :· ' i 

Pa3pa6o''I'aima!r :Ha ocH(me npoae;o;eHHbiX-nccrre;o;c>BaHnli. TexHorrorrur'II:JroTo~ 
BlleHIDI TpeKOBbiX MeM6paH H3 ITB,II;<t>, npnMeHeHa ;D;liJI II3I'OTOBJieHnJI onbiT, .· 

HbiX napTHH TpeKOBbiX MeM6paH H3 yKa3aHHbiX noliiiMepoB B Jia6opaTopHH 

.. JI;o;epHbiX PeaKD;IIH. TpeKOBble MeM6paHbi 1I3 IIB,Il; <t> H ero COTIOJIHMepoB:npn

MeHeii::hl /l;nJio<inC'I'Kn 1r p·a:J;o;erreHmi: arpeccir:SHbiX )KII;D;KocTeil nra:JoB •. B~aro
;o;apJI·BbiCOKHM a~cop6D;IIOHH1>IM CBOHCTBaM n~BepxHOCTII MeM6p(l,H y;o;a~OCb 
ycneiliH:o npnM:eHJITb :Mo;o;n<f>nu;npoBaHHbie norriiBHHimmipporrn;o;oHoM Me11:6pa-

. H:ti ;o;riJI o'I';o;e~eHn.!I ·MxiKponpiiMeceil.6errKoB-O~BnpycH~Ix ·.cycnemmil. B .liH

CTnTyTe 'noii:lloMnerrnTa ·:n-'BI1pycHbix··:I3HD;e<f>amrToB BAMH w liHc.TnTyTe · 
··KpncTarrrrorparf.un·PAH:·<:.;I--·: ,,._. _..,.,·. · .:: -. . ·' 

'¥ '. . ' . " . ~ " ~ ~ .. ~. 

': >' ~I ~· ,f !' ,. 7 

ABTop BbiHOCHT ua OaJ.D;HTy:·, ., ; · "·· , · ... , ·, ; •..• , ... ·,: 

1. Ilpou;eccbi IinroToBrre~nJI Tpe:KoBbiX MeM6paH n3 IIB,IJ;<t>.wero conollf!Me; 
·poB. 

2. Mccrre;o;oBaHIIe <f>I13HK<>-:-XIIMIIH npou;ecca B3airMo;o;eilcTBIDI ,TJI)KeJibiX-1I9HOB 

· c nomiBnHIIrrn;o;eH<f>Topn;o;oM n ero_,conorrnMepa~m:v " · ··<• ;\ 
3. __ ·Pe3yllbTaTbi ,nccrrep;oBaHnH ·_CKOpOCTll H H36npaT~llbH~~TII 1 nppD;(!~C<( xx;

MH'leCKOFO TpaBJieHIIJI TpeKOB.;D;liJI pa3liiii!H1>1XHOHOB,. : : .·: :>:;; 

4. Pe:JyllbTaTbi nccrre;o;oBaHnJI perncTpa~HOHHbiX .cBo_HCTB, ¥aTt:piiaJ!OB, Bna;-

BIIcn:M:oc'I'n OT IIXCBOHCTB 1I COCTaBa. ..< , · ... · . ! ,< · •• - :, · '_' ... 

5., 0nTHMaJibH1>1li 'COCTaB ;D;liJiiJI36IIpaTellbHOi:'O · TpaBlleHIIJI ·rraTeHTHbiX ,Tpe

KOB TJI~errbiX noHo~ B -nomiBxrniiii:n;o;eH<f>T9pn;o;e n ero c~no;n~~p~x~ . .>;, _ , 

~2 

-~ 

l 
I 

l 

6: · · Pe:JyrrbTaThi imy.feHHJI pa3mr<ml,ric MeTo;o;oB ceHcu6xmn:Jauuii' npouecca 
TpaBlleHUJI JiaTeHTHbiX TpeKOB. · ;·, ·.;::-,: '': 

7. Pe3JllbTaTbi u3y•IeHIIJI xiiMII'leCKOII CTOHKOCTU MeM6paH.Ii3 IIB,IJ;<t> xi ero 

conomiMep~B'npn 3KcnrryaTaD;IIII B:pa3liii'IHbiX arpeCCIIBHbiX cpe;o;ax. 

8. Peny~:bTaTbl xmy•iemrk a;o;cop6n;IIOHHbiX CBOIICTB noBepXHOCTII TpeKOBbiX 

~ieivl:6paH'xm IIB,Il;<P no oT:ii:owemuo K 6uonpenapaTaM; II Bo:Jim:m:HocTIIUC

norrb3tJBaHI-i5J: MO;D;II<f>IID;IIpoBaHHbix; MeM6paH'B 6IIOTeXHOliOI'II'leCKUX npouec-

cax. j: ,,· 

··-" ( [ ~: . 

Anpo6au;HJI pa6oTbi. 

OcHOBHbie pe:JyrrbTaTbi II oT;o;errbHbie norro~eHnJI pa6oTbi ;o;oKrrap;biBarrncb 

H:a 14-il' Me)K;D;yHapo;o;Hoil KoH<f>epemtnn no TBep;o;oTerrbHbiM-.TpeKoBbiX ;o;e~ 

Te~~TopaM (PnM, 1985); Ha 1-oM Me)l{;o;yHap'o;o;HoM coBern;aHuli' no TpeKo~ 
BbiM :M:eM6paiiaM (J.IBo)l{e, Ilorrbwa, 1989); Ha 2-oM Me)K;o;yHapo;o;HoM coBern;a7 

HHII no'T:PeKOBbiM MeM6paHaM (illnpK, Ilorrbwa, 1991), Ha 3-eM Me)l{;o;yHa

po;o;HoM COBern;aHnn no TpeKOBbiM MeM6paHaM (JlxpaHKa,· Ilorrbwa; :1993}, 

Ha Me)K;o;yii:apo;o;H:oil inKorre-ceMuHape no TpeKOBbiM ;o;eTeKTopaM · (O;o;ecca, 

199i), H:a 17-il Me~;o;yHapo;o;Hm'l KoH<f>epeHu;nn no TBep;o;oTerrbHbiM ;o;eTeKTO-

paM (,Il;y6Ha, 1994), Ha ceMIIHapax Jla6opaTopnn. · · .• ·· '· · · 
,, 

Ily6JIHKaTTHH. ., .......... ,..- •• .,, ..•... • 
A..\ ' f ' .. ~ 

MaTepnarr p;IIccepTaD;IIII I13liO)l{eH B. 5 ;o;o:ima;o;ax; B· c6opHnKax MaTepnarroB 

coBern;aHHH II KoH<f>epeHD;IIII, B 1-MnpenpnHTe OMJ.IM; B 3-x ny6miKatinJix B 

c6opHI1KaxTpy;o;o:B·JIJ.IP OMJ.IM·3al992 n 1994 rr. u B 2-x~cTaTbJIX B Hay'!-

HbiX )KypHarrax. q 

': L 

CTpyKTypa:n o6'beM pa6oTbi.-

,Il;IICCepTaD;IIJI COCTOIIT H3 BBep;eHIIJI, 5 rllaB, BbiBO;D;OB; 3aKliiO'ICHIIJI II .CniiCKa 

. rrirTepaTypbi. Pa6oTa II3liOJKeHa Ha 112 cTpaHnu;ax. uawnHonncHoro TeKcTa, 

BKliiO'H11I 28 pncyHKOB1 22 Ta6miD;bl II CnUCOK flliTepaTYPt'l 113, 127 Ha:m.IeHO-

BaHIIH .. '· · ·' :- · -;· · 

Co;o;ep:>KaHHe pa6oTbi. 

IIEPBAJI rnaBa ;o;nc<_:~pTau;nn nocBnrn;cHa KpiiTII'ICCKoMy aHammy cyrn;e

CTByiOrn;ux npegcTaBliCHIIii 0 MCXUHII3Mci..'>: BOiJp;eiicTBIIJI TJI)KCllbiX IIOHOB Ha 

nomiMepbi II o6pan~BaHII~ TpaBIIMbiX. TJlCKOB, (J63opy pap;Imll;IIOHHO-XIIMII 

'ICCKIIX npon;cccoB BO <f>T.opnpoBaHHbiX norrnMcpax, a TaK~{~ p~.cciioTp'eH:niO 
B03MO)KHOCTcii li3I'OTOBliCHIIJI TpCKOBbiX MCMfipaH 113 <f>Topnp~H~aHHbiX n:o

liiiMCJlOB. 
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BTOP A.ff· rnaaa:nocBHUJ;eHa onucaHII!O ucnorrhnyeMbiX :B pa[joTe MaTepnc 

aiTOB ll llKCnepnMeHTaiTbHb!X MCTO;IJ;HK. , ~- .:· , . : . 

'-··· .Hccrre;o;o:BaHIIH npoBop;nmrcb c o6panu;aMn norriiBIIHnrrnp;eH<flTopn;o;a n;co

nomiMepoB B~IHHITHp;eH<flTOpHp;a C reKc~<fl.TopnponnrreHOM ( rv 10% B_eCOBbiX )-;-:

cf>-"26;·c TeTpa<flT~pll'rHITCHOM ( ~ 5% BCCOBbiX)-cf>-2M, Tpii<flTopxrrop:lTII

rreHOM ( ':"·.,1Q%."BeCOBbiX)~cf>-:-23, npiirOTO~ITCHHbiX. B BII;IJ;C\ npeccoBaHHbiX. 
' . . . . . . . ',. '," ' . ,· 

nrracTIIH: Torrw;imoii -1-2.- MM II B BIIp;e ;o;ayxocHopiieHTIIpoaaHHbiX nrreHoK oT 

9 ;IJ;O 50 MKM. 

06pa3IJ;bl 6biiTII o6rry'leHbl TH:iKCITbiMII HOHaMII Ha ycKopHTCITHX Y -300, 

Y-400 n HU-100 JUIP OH.HH. ct>moeHc IIOHOB cocTaBITH_rr oT 105 ;o;q 1013 

noHoajcM2 •. · Hcnorrb3oaarriicb.•ny'IKII IIOHaB. c aToMHbiM HoMepoM Z,.oT 5 

;o;o 54. ·Ha"jaiTbHaH:IlHepriiH IIOHOB ~eHHrra<;b OT ;5.6 MllB/a.e.M. ;o;o ;rv ~.0 
MllB/a.e.M:Jlpii o6rry'leHIIII o6p~u;hr Haxop;IIITIICb B BaKyyMe 10-:1-10-:2Ila. 

,I(ITH II::JY'ICHIIH B<fl(peKTIIBHOCTII: periiCTpaiJ;IIII o6pa::JIJ;bi' o6ny~amicb, OCKOIT

KaMII ;o;erreHIIH: Hp;ep 235U: 06rry'!eHIIe o6panu;oa 1'-:-ITY'lfl.MII npoao;o;nrrocb, Ha 

ycTaHOBKC• 1'bBeT'\c, IICTO'IHIIKQM. 137Cs MOUJ;HOCTbiO p;o::Jbl 84, pap;jc. ~II60 
B npiiCYTCTBIIII BO::Jp;yxa,: ITII60 B BaKyyMIIpoBaHHbiX ::Ja~aHHHbiX: aMnyrr<J.~· 
06rry'leHIIe Y.ct>-cBeTOM • npoaop;IIrrocb ;·rraMnoii:; ,I(PT :-250 Ha paccToHHIIII. oT 

rraMnbi rv 40 CM Ha BO::Jp;yxe.· ' · •: • i '· . ;:; . · ; i ... • ;· ; • , 

CneKTpbi ~nTII'!ec:Koro irorrrow;eHIIH <flTopnorriiMepoa ;o;o II nocrre Bo~;o;eii~ 
CTBIIH paniTII'IHbiX .BII;IJ;OB II::JITY'ICHIIH naniiCbiBaiTIICb Ha cneKTpp<flOT9M:eTpe 

Specord M 40, rrii6o p;rrH nrreHoK <flTopnorriiMepoa, nii6o ·p;rrH IIX pacTaopoa,a 

cae:iKeneperHaHHOM p;IIMeTIIrr<flopMaMIIp;e. "'. · , . .: · 

llH<flpaKpacHbre cneKTpb! nponycKaHII_H o6rry'leHHhiX nrreHO'IHbiX o 6p<pu;oa 

naniicbiBarriicb Ha cneKTpo<floToMeTpe Specord M 80. . 

BIIcKo::JIIMeTpii'!ecKIIe IIccrre;o;oaaHIIH o6rry'leHHbiX o6panu;oa npoaop;IIrriicb 

;IJ;ITH paCTBOpOB nomiMepoB B ;IJ;IIMCTIIrr<flopMaMIIp;e C noMOUJ;biO K;'liiiiiT,ITHpHoro 

BIICKO::JIIMeTpa:OcmBall.bJa. :, . ·, ,,, . . ,., ... 

: ,I(rrH XIIMII'ICCKOH · 0 6pa6oTKII, 0 6rry'leHHbiX · nrreHOK npiiM:eHHITIICb, ~eiTO'l

Hbie pacTBopbr' nepM:aHraHaTa KarriiH .. TpaarreHIIe npoaop;IIrrocb B. nrroTHO::Ja

KpbiBarow;eM:cH Te<flrroHOBOM: cTaKaHe npii TeM:nepaTypax;oT 80 ;o;o 110, ~C . 

. IlpoTpaarreHHbie o6panu;~r npoMbiBarriiCb p;IICTIIITITIIpoaaHHoii: ao;o;oii:, ::JaTeM 

BO;IJ;HbiM pacTBOpOM w;aaerreBOll KIICITOTbi. IIITII MeTafi_IIcyrrb<fliiTa: K~IIH' ( IIITII 

HaTpiiH), II CHOBa ;IJ;IICTIIITITIIpOBaHHOll BO;IJ;Oll. . 

~-: I; ~J ~~· .. q 4 . ..,, ,.. .. . .-. :ni' ·' 't::.'D .•. 
P\~c.l_,. Cx.eMaTI.PiecKoe. Hoo6pa)l(eHI~e:,,·,_ .. _, j' 
npoqmrr.11 , , nopbi, P,II.ll onpep,en~HH.ll . .. . , ;~/ 

. . - . ~ ~ ; •. • '~ I I • 

li06HpaTeJibHOCTII TpaBJieHII.ll V llO ee ' , 
napaMeTpaM. '-"" ,. .. ,.. . ,;•·:· ··· ' 

' . '\ i .,_ ~ > • • ~' 

--'--...._ 

.,:;. 

·! ,· 
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I 

i 

·~· 

CKopocTb ~paBrreHnH MaTep-IIarra onpeAerrHrracb no II::JMeH~HIIIO T~rrw;IIHHbl 
MeM6pa~b'iVM .= t::.lj2t, r;o;e t ~ apeMH TpaBrre~IIH. Hn6npaTerrl.Hoc'l:'~ ;pa

BrreHIIH, (VM /VR), onpep;eimn?-Cb ~~ yrrry KOHYC~ TpeKa (B H<J;IIICM
1 

crry.q_ae no . 

pacTBopy KoHyca "neco'!HbiX -qacoa" ). . . ·. .. . . •· · -. 
. . , . . , , ._.,. L: 

. , . 
. -1 . . l 

s1n . 1/l = v_ ~ -. -- . 
r ' . tiD' 

r;o;e AD ~ panHIIIJ;a Me~;o;y. ;o;~aMe~po~ ;nop~ Iia ~o~ep~Hoc;n nrre~KII ( p) II 
B neperneii:Ke "neco'!HbiX -qacoB"(d), cKopocTb Tpaarre}IIIH_TpeK_a Vr.:=, V; fM, 

r;o;e VM- cKopocTb TpaarreHIIH MaTepiiarra. 

TpaBrreHIIe onbiTHbiX nipT~ii: T.peKOBbiX MeM6p<;tH npoaop;IIITOCh Ha onbiT 

Hoii: ycTaHoBKe c. KacceToii: 6apa6aHHoro TIIna •. ·, · 

IlopiiCTaH cTpyKTypa o6rry'leHHbiX II npoTpaarreHHb!X o6panu;oa IIccrre;o;o-, ~ ,_ . ' . ·' ',.' 

BaiTaCb C nOMOUJ;biO onTII'iCCKOH, GITeKTpOHHOH MIIKpOCKOniiii II norryaBTOMa-

TII'ICCKOrO TerreBII::JIIOHHoro ycTpoii:cTBa MO:f (AacTpnH). Y;o;errh.HaH npoii::J

aop;IITerrbHOCTh TpeKOBbiX MeM6paH ;IJ;ITH ra::Jaii BO;IJ;b!, ~::JMepHITaCb:CTaHp;ap

THbiMII MeTop;aMII. Berrii'IIIHb! q)ep;Hero p;IIaMeTpa _nop II pacnpe;o;errelfi!e, nop 

no ;o;naMeTpaM uny-qarrocb c noMOUJ;biO "Coulter- Porometer'a". Panpb!BHb!e 

xapaKTepiiCTIIKII IIcxop;Hb!X MaTepnarroB u . TpeKOBbiX .. MeM6paH_ IIccrre;o;oaa-

rriicb C nOMOUJ;biO panpbiBHOll ycTaHO~KII "Jnstron". , 

B 6IIoTexHorrorii'ieCKIIX GKC_ nepiiMCHTax IIcnorrbnoaarriicb BIIpycHb!e npe-. . . 

napaTbi,' npiirOTOBITCHHbie B flHCTIITyTe norriiOMIICITIITa II BIIpycHb!X GHIJ;e<fla

ITIITOB P AMH, II panrrii'IHbie 6errKOBbre npenapaTbi. KoHu;eiiTpau;n1r 6e~KOB 
B npo6e ou;eHll.aarracb no aerrii'IIIHe norrrow;eHIIH Ycf>.:...caeTa c ;o;rr~Ha'ii: 'a~rr:Hhr 
280 HM, TIITpbi BIIpycoB II <P~roB 6bmii onpe;o;erreHb! ~ 'HIIB8 P A1:fH II Ha 

Ka<fle;o;pe 6IIo<flii::JIIKII C-IleTep6yprcKoro TexHII'!ecKoro YHIIBepciiTeTa~ .• 

Pac'!eTbi y;o;errhHbiX IIOHIInau;IIoHHhiX noTepb.GHepriiii noHoB ·n ripo6eroa 

IIOHOB B noiriiBIIHIIITIIp;eH<flTopiip;e npc:_>~~~irriiCb no. npoq)aMMe ·-".TRJM-90" 

Ha nepcoHarrhHoii: 8BM. 

TPETb.ff rnaaa nocaHI.LieHa II::Jy'leHIIIO pa;o;uomma Bh!rneyKanaHHbiX <flTop

norriiMepoa no;o; ;o;eii:cTBII~M TH2KerrhrX_II~HoB II 1'-IInrry-qeH:IIH. Bh!rrii,nny~eHbi 
npou;ecchr · pap;IIOITII::Ja KaK B 'IIICTOM norrnaimminp;eH<flTopn;o;~, TaK ~-B ~ro 
conorriiMepax. 

Ha piic.2 npep;cTaarreHbi cneKTpb! norrrow;eHuH B Yet>- ii BII;IJ;HMOH o6rra

CTII cneKTpa nrreHKII IIB,II;<i>, ·o6rry'leHHoii:':B aaiyyMe .panrrii'IHhlMII'IIOHa:MII 
. ' • :' ' ' ' . •, ._.': ''' ; . ) ''; ; 1 .•. -, ; ~ :: ,· . :- ' .. - \' ' --. '' 
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n 1-rry'IaMn. IIorro:IKeHne MaKCIIMYMOB norrrm~eHn1! (226 xi 275 HM) op;nHa

KOBO ;IJ;ll1! pa:JHhlX IIOHOB II ·/--o6rry'feHH1!. Ilpn o6rry'feHIIII HOHa~II He(ma 

Ha6rriOp;aiOTc1! p;Ba :qeTKo Bhlpa:IKemllirx MaKcnMyMa, TaK :IKe; KaK II npn ,_ 

o6ITTr~HIIH. 0p;HaKo,p;rr1! nrreH:riir, 'o6rry..JeHHOII HOHatm ··apro:ffa,· MaKCMMYMbi 

He. cTorrb' ~eTKo ·Bbrpa1Kein,r, a:All1! o6rry'IeHHoro ·IIo:Ha:Mii KceHoHa,- o6pam~a 
Boo6~e He Ha6rriOp;aeTC1! MaKcnMyMoB .. BepC>11THO, piu:mn'Ill1! B xapa:K~epe 
cneKTpOB CB1!13aHbl C BeliH'IIIHaMII liOKaiTbHhlX noTepb :JHepriiii pa13ITII'IHbiMH 

THnaMn IIOHOB, a He c BeiTII'III~OH.IIHTerpallbHOH norrro~eHHOH ;IJ;OI3bi. 

Ho puc.2 BIIp;Ho, 'ITO Bhlxop; norrro~aiO~Hx cB~T npop;yKTOB pap;nomma 

· npn o6rry'IeHmr o6pan~a IIOHaMn HeoHa c clJrriOeHcoM 1012 'IIoHoB/ci>l ("' 2, 0 

MIP).cpaBHIIM no Berrii'IIIHe c Bbrxcip;oM npii o6rry'IeHIIII·IIOHaMu KCeHoHa·c 

ctJrriOeHcoM 1010 uoHoBjcM
2 

.(p;ooa ".-v 0,1 Mrp), rp;e rroKarrbHbreuoHnoaiJ;uoH-. . 
Hbie noTepn cy~eCTBeHHO Bhliiie. 

· Harrii'fiie coep;uHeHuil:, IIMeiO~IIX p;BOHHhle CB1!13II, II o6pa:3oBaHHbiX npii 

pap;IIa~IIOHHOM ~ernp;poclJTOJ>IIpo:BaHMII norriiBIIHIIITIIp;eHclJTopup;a nop;TBep:1Kp;a
eTC1!. II IIHclJpaKj:>aCHOH cneKTpocKonueil: .. 

Bepo1!THO; pa3iru'rll1!·B xapaKTepe cneKTpOB CB1lt3aHhl c Beliii'IIIHaMII rro

Kcin:bHhlX noTepb GHepriiii paOiiii'IHbiMII TIInaMII IIOHOB, a He C Beliii'IIIHOH 

·nHTerparr:bHoii ncirrroriJ.e:EiHoii p;ciobr. 

250 :m .350 400 4SO 500 ... : 
A,HII 

;:_r~! 

. Puc.2., 8neKTpoHIILre cneKTpLr rtorno~eHH.ll nneHKII liB ,II, ell; 'Torr~uiioii 
9 MKM:· ;.- . .:;, . 

1 __:. Heo6-ny'leHHORj 06ny'leHHOR -
2 - 1-Jiy'laMu Aoooii 0.2 Mfp B BaKyyMe; 
·3- uonaMn neoua, F = 1012 uonoB/cM2 (2.0,Mfp );_ . 
4 -,li:ouar.maproua, F = 1011 uonoB/cM2, (0.37 Mfp ); -, 
5- uouaMu Kceuoua,·F = 1010 uon~B/~M.Z (o.i Mfp ). · 

6 
J 

, T , ; ~ 

.- .... 

~ . 

~ 

i-. 

·' 
. Io~p ~/~.~.~-r !800 :: 1700 

Pnc.3.· IlmJlp.aKpacnLie cneKTpLI nponycKaliii.ll' nnenKI~_-ITB,II,ct>, Tomi~u;_ 
HOli 9 MKM: . '• • • .. ·. " 

1 - neo6ny'leHIIOMj 06JIY'ICIIIIOli -
2 - ~-nony'IenneM ~ 37 Cs, Aooa 0.2 Mfp; . 
3 ..: ito:H,aMHaprona, F = 1011 nonoB/ cM 2 (0.37 Mfp ); 
4- nonaMn lleona, F = J012 uonoB/cM2,(2.0 Mfp ); 
5 -:uonaMn Kcenona, F ;:· 5 · 10 1 ~ uonoi3/cM2 {0.5 Mfp); 
6 -,uonaM:n aprona, F = 5 · 1011 xwnoB/cM2 (5 Mfp); ··· ·~ 

; ! ~, - .. • ' ' 

i. 

.:Ifo pxic.2 B~p;Ho, 'ITO BbiXO;IJ; riorrro~aiD~IlX cBeT npop;yKTOB pap;norrima l 
I ~ ' , ' . . '- •" ,~ • " ~ ~ 2 ! 

npii o6rry'IeHIIU o6pao~a IIOHaMU HCOHa C clJmoeHCOM 1012 IIOHOB/ CM ·.("' 2, 0 

Mrp) cpaBHIIM no B~rriT•mHe c Bbrxop;oM nim o6rry'IeHim noHaMII KceH~Ha; c 

clJrriOeHCOM 1010 IIOHtJB/ CM2 (goo a ""': 0, 1 Mrp ), r;o;e: iroKallbHhle: IlOHIII3a~uok
Hbie -~oTepii cy~eCTBeHIIO BbiiiiC. ~ami'IIIe :o~~IIHCHIIII;' IIMCIO~IIX ;IJ;B~liHbie 
C.B1lmi, n· o6paooBaHHbi:X:. npn pap;ua~IIOHHOM · ~ernp;poclJTopupoBaHnn norrn

BIIHIIITIIp;eH¢Topnp;a nop;TBep:~Kp;aeTcn II xm¢paKpacHoi'r cneKTpocKormei'r. B 

IIK-cmiB:Tpax o6rry•r~HHbiX nrreHoK IIB,I.J;ct> no.liBrrncTcn norrro~cmre B o6rra

CTII 1700-:1800 cM.:1, xapaKTepHoi'r p;rr11 BarreHTHbiX Korre6aHnii p;BoiiHbiX CBH

oeil: B. coep;nHeHIIHX, UMeiO~IIX clJTop •B ~a~IeCTBe ~aM~C;UTeiTH. _Ilpi~'Iei.~, npii 

6orree BbiCOKIIX liOKallbHbiX UOHU3a~IIOHHhlX noTep11X :lHepriiU· IIOHa o6pany

CTC1l 6orrb~e KOH~eBbiX p;Boi'u~biX CB1!3eii: IIHTeH~IIBHOCTb nOITOCbi 1754 CM-
1 

t•·,···:·": ,., ,. ;_'. ,. ' < .,, • ,., ':< ,. .• .. i .. . 

;IJ;ll1! o6pan~OJ3 5 II 6 (eM: pnc.3) Bbiiiie;'•teM'noiTOCbi 1713 C~I-l ~' 8T<) roBOpUT 

n o ~oM~·: ~~;o B ~TOM,. cny•r~e Bo3i~acT~eT 'HICITl) panpbiBOB ~cnn. ',I.J;nn l)a~ 
;o;xiomi~;~ llOliiiBIIill;J'!:iip;~H¢Topn;o;'~' n(;p; p;e1°ICTBIIC!.I 1-Imrry'H'!HII1l II TH:lKeiThiX 

u(n_mB .B ':B.lliyyMc xapaKTepHo pii:Airatiuoimoe p;erl'r;o;poclJTopiiptmaliue c o 6pa-
• ,_l_ • .• ' •, .•• "' '. ;. • ,, ••. ·;·: • : • ..,. • 

~ • t ~.: '!: '·_,.· 

7. 



::JOBaHIICM COIIpH:iKeHHhiX /];BOIIHhiX CBH:JCII, KaK KOH~CBhiX, TaK II cepep;IIHHhiX' 

8To nop;TBep:iKp;aeTCH KaK IIOHBrreHIIeM norrromeium B Y<t>- u ·BIIIJ;IIM~il ·o6-

rracTHX 3ITCKTpOHHhiX CIICKTpoB, TaK II IIOHBITCHIICM IIOITOC IIorrromeHIUI 1713 

n 1754 eM -t B MK- cneKTpax, xapaKTepilhiX p;rrH KOH~eBhiX u cepeg~IHH~Ix 
p;BOHHhiX CH:JeH)3 ~~~pep;.enbHhiX llJTopiipOBaHHhiX coep;IIHCHIU!X. . . . 

.. ~ .. - . ·- . ' -

HapHp;y ~ pa;o;ua~UOHHhi~ ;o;erng.po¢Topiipo~a~neM B IIB.IJ: q) u ero cono

n:IIMepax MoryT ripOIICXO;IJ;liTh IIpo~eCChl paAIIa~IIOHHoro ClllliBaHUH II p;ecTpyK

~IIII. .IJ:rrH O~CHKII COOTHOlllCHIIH 3TliX _npo~ec'coB B :JaBIICIIMOCTII OT -BCITII

'iliHhl Y;IJ;CIThHhiX liOHII3a~I10HHhiX.IIOTepb 8Hepriiii liOHa 6biiTO U:JMepeHO KO-. 

rrii'iCCTBO rerrh-'-¢paK~IIII p;rrH o6pa:J~OB IIB.IJ:<t>, o6rry'ieHHhiX pa:Jmi'iHhiMII 

TIIIIaMII IIoHcm (ripii panHhiX ¢moeHcax) n /-IInrry•IeHneM panHoii ;o;onhi. Ha 

puc. 3 (a, 6),'np,ep;cTaBITCHhl rpallJIIIGI ¢YHK~Ull paCTBOpiiMOCTII S + ,fS, rp;e 

S - KOITII'ieCTBO paCTBOpiiMOH llJpaK~IIII, paBHOe 1 - g (g - KOITII'iCCTBO 

.rerrb-llJpaK~IIII) OT BCITII~liHhi, o6paTHOH p;one. Berrii'iUHa, OTCCKaeMa!I IIpH

MhiMII Ha OCII opp;IIHaT, xapaKTep!myeT OTHOlllCHIIe 'IliCITa•pa3pbiBOB K 'iiiCITY 

ClllliBOK. 

0 

1/F·l0-13 , Ne 

~ 
I, )0. : 

Xe 

lie 

6) 

2 ' 3' 4 5 6 7 

· 1/D·I0-2 ; Mpa.zc 1 
~~--~-------'·· __:____j. 

0,2·· 1,0 2,0 

1/F·l0-11
, Xe 

Pnc.4. 3aBncnMoCTh !f>yHKJ\HH pacTBopnMocTn S + VS AJI.ll o6ny"'eH
.. !lh!X nneiiOK IIB.Uc:Il OT BeJIH"'l!Hhlo6paTHOU AOOe ,-nony"'eHJIJI (a), l!Jlll 

OT' Bemi"'l!Hhi; o6paTHou !f>moency·nom)B (6). 

, 0TH~lllCHliC 'iUCJiapa3pbiBOB ~ 'iliCITY Clllii~oK pa~HO ~ crry'iae 1~· o6riy'ie 

HIIH~0.25, npu o6rry'ieHuunoHaMnNe- 0.17, a npno6rry'ieHnir noHa~.m Xe-

0.97 .. Bup;Ho, 'ITO p;rrH ()6pa:J~oB, o6rry'ie~H~Ix noHaMII Kc~~oHa 3TO ·OTHollle

HIIe eymecTBCHHO 6orrhllle, ;eM p;rrH rioao:£3 HCOHa II f':_IInrry~eHIIH: 0THO~eHiie 
'iucrra pa3phiBOB .K 'incrry CllliiBo~ AITH noHoB HeoHa d T-un~y~e~~~ 6~unKri. 
8To rOBOpliT 0 TOM, 'iTO 'iliCITO pa3pbiBOB :JaBIICIIT OT BCITII'iiiHhl ITOKaiThHhiX 

8 

~ 

., 

) 

) 

noTeph aHepriiii .TH:iKCIThiX IIOHOB: 'ieM MeHhllle Berrn'iiiHa REL, TeM; 6;m~e. 

npo~ecchl pa;o;n~rriimi. no;o; ;o;eiicTBIIeM TH:iKerrhlx uoH<i~ K ~-pa;o;um_mny B Ba-

KyyMe. _; ,., 

TaKUM o6pa:JoM, npo~eccbl,, nponcxo;o;Hmiie .. 13. ;norriiB~HIIITIIA~H«P:ropiip;e 
no;o; ;o;eiicTBIIeM TH:iKeiThiX IIOHOB MO:iKHO onncaTh crre;o;yromuMII cxeM~: · 

L· 

1 .. .IJ:eriip;po¢TopupoBaHne ; ,. ,·, 

't,. 

'I' ;U()H-HI 
-CH2 -CF2-CH2-CF2-:-Rt -t 

- ,; 

-pH=. CF-CH2-CF2-:-::;I!t 
: ' '-- ·- . ' . . -H, F 

~ ,! ·: ': ~ ' ·;j 

. 2. Pa:JphiB p;enn ., 
'-: ' ~. ·t 

. . . . (. ;u, DH-1'1- . . : • . .. • 
R-CH2-CF2-CH2-cF2-Rt" ' - R-CH2-CF2'+cH:.::.:cp2..c..Rl 

' . .2' .. . .. 

.IJ:ern;o;po¢Toini~oBa~ue B()n~o:iK~o ii. Ha 'K~~~e~hlx ~~.H::l.si'X,: c · ~6panoiiam1eM 
coeAIIHeHIIii Tima'R- cH = CF2 II R .;;,·cF = CH2. . .. · · · · ., ·; · 

3. Ilpo~~.c,cbl ClllUBaHI~ · '· ' · · · : · . 

R 
R 

-t 

CH2: '- CF2 · ·- CH2-
CH2 - cg -::. CH2: 

• 

- CF2 , 

CF2 ·· 

;. 

Rt 
R2, 

r, .u-,~~,"" 
-t.'. 

R - CH -, CF2 - · CH2. - · CF2 - Rt 
• \ R :_:: 'CH - CF2 CH2 - CF2 - ·R2 · 

PexoM6un~ . '/ 
·.-.. ,. ,,j 

. .. 
CH2 - ,_CF2. - :,Rt R - .. CH..- CF2 -

I 
·.R -. CH.- CF2.- CH2. :- CF2 :-. R2 

Ilpu pap;uorrune COllOITIIMepoB BUHUITHp;eH«t>TopHp;a Ha6JIIOAaiOTCH HCKO

TOpbie oTmi'iiill o; pap;H~rr~ma 'iiiC;~r~ ;Ii:B.r:t:<t>'. T~~ ;o;~ ~~n~rriiMepa BII

HUJIIIp;eH¢Topii;o;a.s /re~pa¢Top3TIIITCJ!OM,~ ¢ ':- 2M7 c~oT~OI1IeHIIe p;ec'fpyK

~IIlljcllliiB~e HecKorrhKO Bhlllle, BepoHT~mna c'ieT ;o;o6asoK TeTpa¢'ropaTn-
. . ' . -'- . . ' : ~. -.. ' .. .· . .•' . '. 

·:, rreHa .. :"1 <-~~. ,, ,•-1 ,;· ., _:,; =._. 
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. Ilpii pap;rr'~~~3e coriomiMepoB BIIHIIrriip;eH<JlTopiip;a. c reKca<J>Topnpomme~ 
HOM II. c~Tpii<JlTopxrioptlTiriieFioM, :KpoMe 66paaoBainiH conpH)I{eHHbiX p;Boil:~ 
Hb!X CBH~Jeil:, Ha6mop;aeTCH noHBJieHIIe Tpoil:Hoil: CBH3II C:::::C, 'ITO nop;TBep~ 

)1{/:(aeT~ 'i:rmr:BrreimeM B 1:IK- crie:KTpe no1roc:hl2050 CM-t: ' 
·.' ·,,j· 

TaKIIM o6paaoM, npii BtmiiMop;eil:cTBIIII c TJI)KCJihiMII IIOHaMII B aoHe TpeKa 

o6paayiOTCH COC)l;IIHCHIIH, IIMCIO~IIe 6oJibiiiYIO peaKD;HOHHy!O cnoco6HOCTb no 

OTHOIIICHIIIO K OKUCJICHIIIO. AHaJIU3 II UHTepnpeTaD;IIH norry'!eHHbiX peayJib

TaTOB no3BQJIIIJIII nop;o6paTb ycJIOBIIH XIIMU'ICCKOH o6pa6oTKII o6Jiy'ICHHbiX 

MaTepii~OB c Jerrbio norry9:eHUH TpeKOBbiX Me~6paH. 
B "IJETBEPTOH · rnaae paccMo~~~Ii:b! oco6eHHOCTII XIIMII'ICCKoro Tpa

BJICHIIH TpeKOB TJI)KCJib!X UOHOB BO <JlTopnOJIUMepaX. llccrrep;oBaHa Beliii'IUHa 

II36IIpaTeJibHOCTII TpaBrreHUH B aaBIICIIMOCTII oT Tuna u6H:a, TeM:rre.paTyphi 

TpaBH~ero pacTBopa u KOHIJ;CHTpan;IIu ero KOMnoHeHTOB. Hay'!eHo BJIIIHHUe 

HCKOTOpb!x cBOHCTB MaTepuarroB• (MoJieKyrrHpHOH· Macchi, cTeneHII KpucTarr 

JIII'IHOCTII) Ha 'IY~~TBIITeJibHOCTb p;eTeKTopoB u cK~po~T~ TpaBrreHUH 'Tpe

KOB. 

MeHHH ua6IIpaTeJibHOCTb TpaBJieHUH o6rry'IeHHoro norriiMepa, MO)I{HO no-
. ' • ~ ... ,-,:,, ~·c { • 0

' ·~ ,:_. • -~ ,
1

" ' ;• ;, t:';, :··, ~.:, , ',,\ 

JIY'IIITb C HaiiMCHbiiiiiMII IICKa)I{CHIIHMU CBH3b Me)l{p;y napaMeTpaMII IIOHa 

(tlHepriieil:, aapHp;oM, noTep~MII~Heprii~, npo6eroM:)~ r~m.1e'T~II"i~2iuM:I~ n·a:

paMeTpaMII TpeKa (p;rriiHoil:, <J>opMoil:, paaMepaM~r).· 8~:~ rroaBoimeT. IICITOJib

aoBaTb nOJIIIMCpbi B Ka'!CCTBe p;IIGJICKTpU'ICCKIIX p;eTeKTOpoB B <Jlii3II'ICCKIIX 

tlKCriepiiMCHTaX,a'TaK )I{C norry'!aTb pa3JIII'!Hb!C <JlopM~I:nop, OT "necO'!HbiX 

'JaCoB" ~0 IJ;IIJIIIHp;pa B TpeKOBbiX MCM6paH<tX. . . 

,I(JIH norry'ICHIIH BII)l;IIMb!X TpCKOB BO <JlTopnorriiMepax, IICnOJib30BaJIIICb 

pa3HOo6pa3Hb!C paCTBOpb! OKUCJIUTCJieH: Coep;UH~HIIH III.eCTIIBaJICHTHoro xpo 

Ma B pamiii'IHbiX :cpep;ax; Hap;cepHyiO IIXJIOpHyro KUCJIOTbi, a30THYIO KII~JIOTY, 

· aMIIp; HaTpiiH II M:Horiie p;pyriie. Op;HaKo :Bup;uMoro TpeKa norry'IIITb He yp;a

rrocb. TpaBrreHIIe B pacTBopax ep;Kux ~erro'!eil: II pa~.TBope nepMaHraHaTa Ka

JIIIH p;ano noJIO)I{IITeJibHb!H peayrrhTaT. Op;HaKo, BpeMH TpaBrremiH oKaaarrocb 

BCCbMa npop;OJI)I{IITCJibHbiM ( Ta6JI.l.) )l;JIH npori;ecca m;mJ'ICHIIH TpCKOBbiX 

-MeM6paH. III;erro'!Hoil: pacTBpp nepMairraHaTa KMIIH p;asirr aHa'!IITeJibHoe co

Kpa~eHIIe BpeMeHII npon;ecca TpaBrreHIIH. B pacTBope (II), B p.omi: oKIICJIII

TCJIH HapHp;y c riepMaHraH:aT IIoHoM, BbicTynaeT u MaHraHaT IIOH. 

. CTeneHb OK~areHHH IIB,ri: <I> I!cnorrb:JyeMhlM TpaBUTeJieM 6bina' on;eH~Ha c 

noMo~bro HK-~nexTpocKorrliii: B I:IK.:.:.cneKTpax, ripoTpaBiremioil: B. ~eno'I
H'oM: paCTBope j( Mn04'• ~- o~~b!TOH 'oT ~BYOK~!cli' Mapra:Hn;a :Me'Ta6ucyrrh

<JluT(n,i" KaJIIIH ITJI~HKi'I,· ITO~BUJIOCh ll:'iiTeHCIIBH<:ie i:J:orrio~eHIIC B o6rraCTII > 
3000 CM~1 . II "' 1800 CM-l. IlorJIO~CHIIe B o6JiaCTII > 3000 CM-t OTHOCIITCH 
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K coep;IIHCHIIHM, cop;ep)l{a~IIM BO~opop;HbiC CBH3II (Kap6oKCIIJibHbie II rup;pp-. 

KCIIJibHbie rpynnbi). IloJIOCbi norJIO~CHIIH B o6JiaCTII .OKOJIO J800 CM-l OTHO-.. 

CHTCH K Korre6aHIIHM Kap6oHima (vc=o) Bo <J>Topcop;ep)l{a~ux· coep;nHeHIIHX .. 

8TO roBopiiT 0 TOM,.'ITO rrry6IIHa OKUCJICHIIJI pa3JIII'IHa: o6panyiOTCH II Kap,"; 

6oHIIJibHbie coep;uHeHIIH n coep;nHeHnJI, cop;ep)l{a~ne Kap()oKCIIJibHb!C·II ru-

p;poKCIIJibHb!e rpynnhi. · • 

·.· 
Ta6JIH~a 1. 

l:Iay•IeHUC peJKIIMOB TpaBJICHIIJI II a<Jl<JleKTIIBHOCTII 

perncTpan;nn OCKOJIKOB )l;CJICHIIJI B. COnOJIIIMepaX BIIHIIJIII)l;CH<JlTopiip;a. 

1\m PelKuM 3<!J¢eKTIIB!IO CTh 

<!JToporrrracTa Tpannemu! perucTpal\llll 
l • • . 

.·. OCKOJJKOB 
~enenuH 

I 97° - 30 '!aCOB 
II 97~- S 'lacon: SO% 

•'' I 

<P-2. 
III 97° - 95 '!aeon ''· '! 

I 97° - 29 '!aC.OB 
<f>-2M II 97°- S '!aeon SO% 

III 97° - 95 •JacoB 

I 97° - 27 '!aCOB 

<P-26 II • 97"- 9 '!aeon SO% 
~"' ! i ' III 102°- 144 '!aeon ,, ... :· 

·: ( , 
; 

·:I·.: 99° ...,- 2S '!aCOB ._,,. 

<t>-23 .. , II. 100°- .12 'lacon .so%. . , 

III 99°- 144 '!aCOB 

I 100°- .2S •mcoa 

<t>-32 II 1ooo .:__ is' '!aeon .60% 
III 100° - 100 'lacon 

. •. 

I .__:c_ 20% pacTBOp f{Mn04; 
II -20% pacTBopXMnO~ Bl3%NaOH;' 

III - 20% pacTBop N aO H. 

• .. ' 

· B.riH.HHHe Kon~enTpa~HH peareHTI;IB na npo~ecc TpaBJieHH.H Tpe

KOB 

l:Iay•IeHIIC 3ltBIICIIMOCTUCKOpocTII II Im6npa~CJibH~CTII TpaBJICHIIJI OT KOH

IJ;CHTpaD;IIIl peareHT<>B B TpaBJI~CM ~ pacTBope npcp;cTaBJIJICTCJI cy~CCTBCH

Hb!M, llOCKOJlbKY GTIIMII napaMCTpaMii pcryrrupyiOTCll pa3MCpbl II <Jl('pMa nop 
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B TpeKOBbiX MCJ-16paHaX. 3aBIICIU..WCTb CKOpOCTII.'TpaBliCHII.!I 0~ KOHIJ;CHTpa• 

u;IIII nepMaHraHaTa KamiJI 6bma ou;eHeHa·no'Bemr'IUHc gnaMeTpoB rrop.Tpe

KOB~rx MClv16paH·, H::JMepeHHbiX C ITOMO~biO <lliCKTpoHHOM MIIKpoCKOllUII ( BHe

~~IIM.)J;IIaMeTp'rrop, H~ rroBepxHOCTII o6panu;a) II "Coulter"-rropoMepa ( cpe

p;HIIM 'guaMeTp rrop · B ynKo~I · MecTe "rreco'!HhiX '!acoB'' ); :. MeM6paHhi nnro

TaBliiiBaliHCh nn nrreHKII IIB.IJ:cf>, TOli~IIHOII 9 MKM,. o6rry'!eHHOII noHa!l.m_ 

KpiirrToHa c <JHeprueii 210 M<JB II rrpoTpaBrreHHoil pacTBopaMu nepMaHra

HaTa KaliiiJI panrrn'!Hoi'r KOHIJ;CHTpau;mr N aOH paBHOM 13% n TeMrrepaType 
gooc (puc.5); . 

Pnc.5. 3asncnMoCTh AIIaMeTpa nop- 1 
- Ha llOBepXHOCTJI· IIJieHKII 1 2 - B y:JKOM 

MecTe nopbi OT KOHQeHTpaQJIII [( M n04, 
3 - nnMeHeHne TOll.ll\IIHbi imeHKn. IIneHKa 

- IIB,Il,<P TOllll\riHoii 9 MKM' o6ny'IeHne 
no;IaMH Kr (210 Mi3B), Tpasnenne 19 '!a

cos npn 90°C, KoHQeH'~paQn.ll NaOH-
13%. 

0,flf,MKM 

j--l 
. • ! --,.L____,;,_ 2 
(~~~-3 

10 15 20 ~ 

CKMno.,% 

CKopocTb TpaBrreHIIJI CHIIJKaeTcJI c pocToM KoHu;eHTpau;uu nepMa.HraHaTa 

KarruJI. Mep;rr~HHoe ~nMeHeHne cKopocTII TpaBrreHIIJI nonBorr~eT grr~-rTerrhHo 
liCllOllb::JOBaTb TpaBJI~IIM paCTBop rrpii rrpoii::JBOIJ;CTBC TpCKOBbiX MCM6paH. 

Ta6rrHu;a 2. 
3Ha'!em!e VM, Vn, V p;rrH IIB.II:¢, o6rry'!eHHoro IIoHaMII KpurrToHa 

. II npoTpaBrreHHoro 24 '!aca rrpii 90°C II Ko~u;eHTpau;IIII N aOH 13% 

B ::JaBIICIIMOCTII OT KOHIJ;CHTpaD;IIII rrepMaHraHaTa Kamm. 

C% tl.D VM Vn v 
I<Mn04 MKM/'fac MKMjqac 

.lQ-2 .lQ-1 

I 0,55 1,15 1,85' 16 
\. 2 0,7. 1,45 . 1,9 13 

5 0,75 1,55 1,88 12 
10 0,65 1,35 1,9 14 
15 0,65 1,35 1,9 14 

' 20 0,6 2,5 1,88 15 
25 0,55• : 2,3 1,85 16 

,' 
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B Ta6rriiu;e 2 npep;cTaBrreHbl p;aHHbie IIccrrep;oBaHIIJI. BJIIIJIHIIJI _II::J~HCHIIJI 
KOHIJ;CHTpau;mr I< M n04 B '13% NaG Ir ~a· ~~op~6T~··;p~~rieiiruiTpe~a:. 'M:a~ 
Tepirarra II. II~6ilpaTerrhHo~~h Tp~~n'e~ii~. McJJK~o Bri~eTI~, ;:q..;_,o KOH~e~:rpau;ID! 
KMn04 cmt6~ BJIIIJieT HaHny'!aeMbie napaMeTpbr. . ·. . -. :·, ' ,· : 

3aBIIcx'rMoCTh cKopocTII Tpa:BrreHIIJI MaTepii~a'V~:kpa:p;~yca.Tpe:Ka Vn 
oT K~Hu;e~'I'pau;IIII N aO H ( rrpii ioH~~~~pa'u;~ I<M rio 4~ 20% )'r~{ni:Bep;eHbl 
Ha piic.6. . __ . ; 

;_or u 
td 

6ot'i-_~---. ____ -.·_·. ;.:: . :· 
::s .. · .· 

50!"'- .. 
I ... 
0 

4.0, ~ 
·:::;; 

a) 

)().0.-------~-:-:---;----:--;---, 

·U 
td 
tr -:~ 
::S . ~ L 

50fj 
0 ..... 

~ 

It IS 

C!V .. Oil,% ·-· .· · · · loc· -,~;· · · io·CN .. oH·,% · 
' J ; • ' : : ' 1 : . ' ' t ~ • - • ., ~ 

Pnc.6. 3aBHCIIMOCTh CKOpOCTH TpasneHH.ll MaTepnana VM. (a) II pa-

AHyca TpeKa Vn (6) B IIB,Il,<P, AJI.ll;rpep~]3 noHa aproHa (5.5 M~JB/a.e.M.) 
npu TeMnepaType99°C oT KOHQe.HTpaQIIIi NaOH. 

' ·-;,: t' .. :,,,:!;· ~ ": '~.. ·~.:;~~:.it" 

BIIp;Ho, 'ITO naBIICIIMOCTb cKopocTII. TpaBJieHIIJI OT .. KOHD;eHTpau;IIII N aO H 
IIMCCT MaKCIIMYM rrpii 13%. 3Ha'!CHIIJI II36IIpaTCJibHOCTII TpaBJICHIIJI B p;IIa

llaOOHC K?HrieHTp~u;irn N,a6 H aT 1q g~ 15% rrpaK-:r:~'IecK~H~ M~HJiro'I'c~. IIpn 

·npoiinBop;cTBe TpeKOBbiX MeM6paH KOHIJ;eHTpau;IIJI. ~erro'III B 6aKe TpaBJieHIIJI 

rrop;p;epJKIIBaeTCJI OT 10 •IJ;O 15%, a KOHIJ;CHTpaD;IIJI rrepMaHraHaTa KaliiiJI OT 
20% p;o KOH~CHTJ>aiJ;IIIIpacTBOf>a- 1%. . .. . . 

BrrH.HHHe TeMnepaTypbi Ha npou;ecc XHMH"'ecKoro TpaarreiiH.H 
~TopnorrH~epoa ' . 

Uccrrep;oBaHIIe naBIICIIMOCTII cKopocTM TpaBJICHIIJI TpeKoB B. IIB.IJ:cf> II ero 
. c < •• ' '". ,: :\ .~ • ; : ,·: ' : ' ·,' ' ' ~ • ' ' • ·, 

COllOJIIIMepax OT TCMrrepaTypbi llOKa::JaJio, 'ITO CKOpOCTb Tpai\JICHIIJI llOBpeJKp;eH-

HbiX IIOIIII3aiJ;IICM o6nacT~M 'Bonpa,cT.;,eT. f p~CTOM T'eMnep.aTypbi 6biCTpee, 

_'lCM ~KOpOCTb ,TpaBJICHIIJI Herro~pe~g~~Horo 'noJIIIMepa (J>IIC. 7).; ,._, .... _,) 
B IIHTepBarre ·TeMnepaTyp oT 70' ~o 110°, B xoTopoM:· irpoBop;miocb Tpa

BJieHIIe, cnpaBep;liiiBO ypaBHCHIIe AppeHIIyca: 

Vn = VRexp(-Er'/~T) 
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3~ec~ VR · _:_ npe~~l{c~6~eH:tillanbHl,rii ~~mKnTerrh, · 
Er ~ acpcpeKTHBHM. ~~eprnH ~TUBa~ill XII~uqecKoro Tpamie:HnH Belll,eCTBa 

> ',. '' ._,.: • : :. • ' : • ' ' ~ • • • ' • ' 

B cep~~eBnHe TpeKa, 
k- KOHCTaHTaBOllb~MaHa, 
T - a6corrioT:Hiur i-~~nepaTypa pacTBopa ripu Tp'aBrreHnn. 

. \- ~ ~ ~ . . . ' . ·- . 
.---------~--------~, 

Pnc. 7. 3aancnMoCTh cKopocTn Tpaane

Hll.ll VM nVn oT TeMnepaTypht: 
1 - Herroape:lKAeHHoro nonnMepa; 2 -_o6-

, 40 nyqeHHoro noHaMn Ar (5,5 MaBfa.e.M.) 
. . 2 . 

RELwo=lDOO = 12,0MaB·cM /Mrj 3- o6-

8.0~ 1 
~ 
2 . 

0 

nyqeHHoro noHaMn 136Xe (1 MaB/a.e.M.). , • 

RELw~,OO, ~ 58,3M>B·oM'/Mc. Torr· ~ ~ ~~ 
4.0t:.: :: 

lll,nHa rrneHKll IIB,U<l>- 9 MKMj Tpaanetine · ~ 
B pacTBope 20%K M n04,13%N aqH. o '· · _. 

. 2,6· 2,7 2,8 
1/ToKI0-3 

Mo ~aHHhiX oaBncnMOCTH cKopocTeii TpaBrreHH.H o; TeMnepaTyphi 6hmn 

onpe~erreHhi 13Ha'!eHnH I:!Hepruii aKTHBa~nu ~ll.H npo~eccoB TpaBrreHn.H Tpei<oB 

paorrn'IHbiX uoH~B. PeoyrrhTaT~ npnBe~eHbi B Ta6nu~e 3. 

.! 
Ta6JIH~a 3. 

8cpcpeKTMBHa.H 13HeprHH aKTITBa~IIn npo~ecca TpaBITeHH.H TpeKOB, 

T.H:lKeJibiX uoHOB B nrreHKax IIB,I(<l> . 
... ·' 

HoMep · Hon 8Hepr~m_ REL 8ci>ci>eKTHBllaJI TeMnepaTypnhiH 

o6paou;a nona, MtlB: cM2/ tlHeprna nn-TepBarr, -··' 
~ . ' MtlB /Mr aKTHBau;nn ·· ,-oc ',t,j 

.:. K,Il;)J( I MOllh .,, 

1 40Ar 200 12,0 103,0 ± 5 70-110 

2 B4[{r 210 40,0 104,0 ± 4 70- 110 

3 I36Xe 136 58,3 106,3 ± 5 70-110 

Heo6rryqemihli1 100,5 ± 4 70 ~.110 -: 

o6paoeu; -

Mo:lKH~ Bn~eTh, 'ITo ~rr.H Bbi6paHH~~o nH~~pBai:ra TeM:nepaTyp 'BenuquHa 
~:~cpcpeKTnBHoii · :3~epruu. ~:K;uBa~uu· :u'pou;ec~a TpaBii~Hni TpeKm3 B liB ,I( <l> · ii 
ero ~onorru~epax H~ mtBncnT oT ~TOMHoro':H6M~pa u ~H:eprnu 6oM6apgupy~ 
lolll,eii -qacTn~L Mo6upaTeJibHOC~h Tp~mi~ku.H V ~o:lKeT _6biTi:Haii~eila iro . . . ·' ,,, ' . 

COOTHOIIIeHII5I: 

Vn EM-En· 
V = (VM)exp( .. :kT · ), r~e 
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EM ·_ t;cpcpeKTHBHa.H 13HeprnH aKTiia'a~uu npo~ecca Tpa:BrreHII.H MaTepnami, . 

En - ~cpcpeKTIIBHa.H 13Heprn.H aKTiiBa~nn npo~ec'ca TpaBJieHU.H TpeKOB no 

paguyc)< B crryqae 6~rrbuioii pa13IIIIIIhi Me:lK~Y 'En u EM MO:lKHo c noMOIIIbiO 
' . 

TeMnepaTyphi ynpaBJI.HTh nn6npaT~llhHOCThiO Tpaarremm, a crregoBaTeJibHo, 

u cpopMo{r nophl. O~HaKo, B crr~·Iae :lKe cpTopnorrnMepoB paoHu~a Me:lK~Y 
En ·u Ep.j HeoHa'IIITellbHa, 'ITO roBopuT o crra6m.r Bllll5IHIIII ~eMnepaTyphi mi 

UI36IIpaTeJibHOCTb TpaBJICHIIH II, K.<lK CJie~CTBUe, II Ha II::JMeHeHUe cpopMbi nop. 
·'· 

PerncTpa~HOHHCUI 'IYBCTBHTCJihHOCTh )~HaJJeKTpiPiecKHX AeTeK

TopoB icm cpTopnoJIHMepoB K oapH_:>KeHHbl¥ 'laCTH~aM, • 
'l 

Pen;cTpaunoHHa.H 'IYBCTBIITeJibHOCTh ~eTeKTopoB x~p~K~~p~~o~~Tc~ rru6~ 
': -\ . ; 

MaKCIIMallbHOili3Hepriie{I IIOHa, liU60 MUHIIMaJibHO{I Beliii'IUHO{I )/];eJibHbiX no-

Tepb 13H~prnn IIOHa, npn KOTOpbiX MO:lKHO norry'IIITb npoTpaBJICHHbiH TpeK 

noHa. BemP-IIIHa nopora 'IYBCTBIITeJibHocTn, KpoMe napaMeTpoB qacTii~hi 
cylll,eCTBeHHO ::JaBncnT oT tocTa~a u cTpyKTYPhi norrnMepa. CaHI3b Me:lKp;y 

xm6npaT'err:b:HocThiO TpaarreHn.H TpeKa n napm.reTpa.Mu 'Tuna dE/ dx onu

ChiBaeTc.H 13Mni_IpU'IeCKUM COOTHOIIIeHIIeM: 

. ·.• . ; b 
V ='Vr/VM ~ 1 + a(X) IIliii 

: b· 
V = a(X); r~e 

'~; ' ::· 

1 _.~ 

_t-·. -. ~ ' . ; . 

a II b - 13Mnnpnqec:Kue I<Ot!cpqJIIIIIieHTbi:' BMe'cTO X 'iw:lKeT 6biTb Bemi~IIIHa 
dijdx; dEjdx, REL; ( =r}~:~ T.~. IlpnHU~aJI o~. ~a.fa:h~: ~~Y~.c~~~~T,err~H~r~ 
~ImnaooHa J>a6oThl ~eTeKTOPCJ.. V = 2, MO:lKHO noJiy'IIITb 13Ha~IeHire IIOHIII3a~ 

~nn, KOTopoe cpni<cupyeTcH ~eTeKTopoM - BhiHBJIHeTcn TpeK. 
~ . - - - ~ 

Ha pnc.8. npe~cTaBJieHa ~JI.H npnMepa :rm6upaTeJibHOCTb TpaBJieHim <l>-

2M U TpaBIIMbiii npo6er liOHa B 13aBIICIIMOCTll OT ero IIOHII13aiiiiii. 

,I(ll.H IllleHO'IHbiX ~eTeKTOpOB 1113 conOliiiMepoB BIIHIIliii~eHcpTopn~a nopor 

p~rucTparin:H: ·~ax~wrf~:ll B 'paiioiie·~"' 8 M~:~B · c'M2/Mr, a ~rr.H ripeccoBaHH~x 
o'6pao~o~. "',if.:... i'2 M:lB · cM2 j1-ir , a Aii.ir. i::meH:Ku qncToro · IIB,I(cP npono~ 
:Bo~cTB~ Jln(mun "'5 :__ 6 MaB · cM2 /Mr; · · ' : .. ' 

· IIa.'pnc:9. · 'nol<anaHa KnHe;iri<aTpal3rr~Him TpeKoB no:HoB Ai·, .X' e u Ge, 
Bxo~.Hlli,IIX B ·nheHoq:Hwir ~eTeKTop. no <l>_:. 2M iw·~ yrrroir 3oa;. · . : ; ;· 

·' 15 



Pnc.8. 3aancnMOCTb no6npaTenhHOCTll 
Tpaanenn.ll .n TpaanMoro. npo6era nona 

.v 
25 

20 

15 

OT era I!OIU!Oal.\IIIf p;!I.ll .nneHKlf cf>-2M , 10 

n TpaB.lllllero pacTBopa 20% /{ M n04 B 

13% NaOH ~pli 94°C 

5 

-----------:o-

Ar 

R,MKM 
25 

20. 

15 

10 

5 

0 0 
20 30 . . 2 10 

so• a· MKM 

Pnc.9. KnneTnKa Tpaanenn.ll p;nnHbi Tpe-

KOB nonoB Ar (5.6 MoB/a.e.M.,); Xe (1 
MoB/a.e.M.) n Ge (0.45 MoB/a.e.M.), 25 
axop;.llru;nx B nneno'HibiR p;eTeKTop no <P-
2M nap; yrnoM 30°. TeMnepaTypa Tpaane-

~H.ll (94.0±0~5°C), R- TpaBIIMhiR npo6er 

nona. 

REL.MaB·cM/Mr 

· Ar 

0 ·,- • 
0 50 100 trp ... ac. 

.KpiiBbie BbiXO}:J;JIT Ha nrraTO npii BpeMeHII1 KOTOpoe. COOTBeTCTByeT llOli

HOMJ npoTpaBliiiBaHIIIO TpeKa. 8KCTpanOJ!HD;lUIKpiiBbiX K ocna6CIJ;liC~ (nyH

KTIIp) p;aeT liH;IJ;JKD;IIOHHOe BpeMH ;IJ;liH. KaJK;IJ;OI'O IIOHa. 8TO ~3Ha"!'aeT 1 "'TO 

CFfa"'arra BblHBliHIOTCH TpeKM X e II Ge (B ~BH3II,C BbiCOKIIMII REL ), a n~TeM 
TpeKII IIOHOB Ar p;aHHoii: :mepr1m( 6orree HII3Koe _REL ). 

··16 

TaKIIM o6panoM, oc~IOBHbiM napaMeTpoM, BliiiHIOID;liM Ha li3MeHeHm! <J>opMbi 
nop B. TpeKOBbiX MeM6paHax un <f>TopnorrnMepoB HBITHeTcH Bemi"!IIHa ygerrh

HbiX IIOHimau;IIo~!,rx noTepb ~Hepriiii IIOHoB ( Ta6rr.4.). · 
;I'. ', 

. Taonnu;a 4. · ... t • • .;·"'· 

3Ha"'eir~IH ~Hepruii; REL ( w0 ~ 1000· ~B); rip~6era,· · 
II36IIpaTelihHO~TII H 4>opMhi nop ;IJ;liH pan-,;II"'H~~~ ~IO~~B, 

liCllOlib3JeMbiX npii llOliJ"'eHIIll.Tp_eKOBbiX. MeM6paK~ 
· . n. <f>T~prrorriiMepoB (M~B . cM2/ M.r). 

'' :- '.. -<' 

HcnonbnyeMbie E ·REL ·. R v <l>opMa 
HOHbl M::.Bfa.e.M. . (wo = 1000 ::.B) -MKM .. nopbi 

liB 
. 

: "ne CO'IHbie 1,2 6,0 20 5 
"t.JaChi" 

160 1,0· 8,0 . 70 7 
_,_ 

22Ne 2,0 8,3 137 8 -"--:-,,.,. 

40Ar . 5,6 '· 12,0 55 12 _,_ 

40Ca 4,1 16,0 23 13 _,_ 

52Cr 4,2 20,8 18 15 
. _,_ 

- ,. : 
B4I<r 2,5 '••' 40,0. 25 ·30. 

_,_ 
;; 

I32Xe; . ,, 
'1,0' 58,3 21 •JOO 6nH3KO K'.' 

., ,, 
1.\Hnl!Hp;py 

CeHCHOHJIHoau;n.a TpeKOB B conoJIHMepax" BHHHJIHp;eH~Topnp;a 
i'.• <; J~ 

IIonbiTKII ceHcii6IIrriiniipoBaTh Tpeim B norriiBIIHimiip;eH<f>Topiip;e II ero co

norrHMepax c noMOID;biO o6rry"'eHIIH Y<l>-cBeToM, -y-IIorry"'eHHeM, IIcnorrboyH 

. p;onorrHIITelihHyio o6pa6a:r~/paorrii"'Hmdii pacTBop~TeiiHMH. He p;arrli ~orro-· 
' ' ~ ' , ~ . , ' ' . , ~ ' : ·' 

.)l{lf';I'~libHoro peoyrrbTaTa. 

Ha ~~:S:oBenpep;cTaBrreHHbiX IIccrrep;oBaHIIH n~'rroy-qe~IIIO pa~~orrnoa no;a; 

p;eii:cTBIIeM TH.)I{elihlX IIOHOB n nocrre;a;yroru;er~ TpaBrre:S:~H rr~TeH-;H:hlX Tpe:KoB 

IIOHoB6bm norry~~H HOBbiH 'l'iin nopiicToroMaTepii;w:a Ha o'cii~~e rrorrii~IIHII
rr~p;e,H~;opn;a;a II ero_. cono,rrrrM~poB. TexHo~orii"'eCKIIH npoti~c~ IIOrOTOB~e
HIIH, KOHTporrb 'Ka"!eCTB~ II o'CHOBHhle' c~'oii:~TBa Ho:SJii: nopiiCToii:' MiLTpH:D;bi . 
npep;~TaBrreHbi B IIJITOM rnaae. . . . . . .. ' .· '.- ' 

-. 06rry-qe~'ne T~~errbi~II noH~II <P~op'?nrracTOBhlX ,nb~nMepHbiX ~J1eHOK c 

:u;elihiO norry"!eHIUI.TpeKOBhiX MeM6paH npOBO;IJ;IIliOCi Ha ycTaHOBKe, ripe,u;c~aB 

rreHHoii Ha piic.lO. 
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rlornMepH<lfl nneHKa_ 

Pnc.lO. CxeMa · o6ny'leHll.ll rronnMepHoii rrneHKll ycKopeHHbiMII T.ll)!(e

nbiMll llOHaMll. 

XnMII'ICCKaH o6pa6oTKa o6ny'IeHHoro THJKenhiMII iloHaMII nonnMepHoro 

MaTepnana npoBop;IITCH no cnep;yiOr.u;eii cxeMe: 

Tp~rrerme fipep;BapHTeJihHaJI Yp;aneHHe llpoMLIBK3 llpoMbiBKa 

DpOMIJBKa ocap;Ka 

20%KMn04 Mn02 
13%'NaOH .. 

~ 
H20 f- 15%Na2S20s r- H20 :- H20 

I'IJUI 

' 10% H2C20< 
85-95°0 20°0 

.: 60-80°0 20°0 20°0-

Pnc.ll. CxeMa TpaBneHII.ll TpeKOBbiX MeM6paH no IIB.U<P n ero corro

nnMepoB. 

lcl 
y 

f.. w 
K 

' a 

._____. 

. · .. llpop;omK~~eJihHOC~h Bp~Me:S:n X~MII'IeCKOII 66pa6oT:Kil naBIICII:r OT TCM 
rrepaTyphi. MeHH~ ~peMH TpaBIICHIIH np~ 13~p;aHHOM TeMnepaType o6p~6oTKII, 
6biiiii non~'ICHhl MCM6paHbl C pa131III'IHhiMII p;IIaMeTpaMII rrop,·· Ha'!IiHaH C 

0,1MKM. <l>opMy nop MOJKHO MCHHTh, IICnOIIhi3YH IIOHhl C pa131III'IHhiMII yp;enb-
HhiM~; llO~IIIOa~IIOll~IMII ll~Tep.HMII: . . , . . ' . 

. -drpyKTypa II reoMeTjmHnop, ou;eHKa pacnpep;eneHIIH rrop .no giniMeTpaM 

IICCII~AOBaiiiiCh c n~MOIIJ;hiO rrpocBe~iiB~IOlliei'r' II CKaHnpyrar.u;eii \JIICK~pc>HHOM 
-~-HIKp()~Koniiii. 8neKTp~H~hiC MIIi<"po<f>oTorp~<f>IIII o6pa6a-r:hiBaJriiCh Ha· onTII
''IeCKOM 'rronyaBTOMaTII'IeCKOM a~anu:::mTope MOP_ p;nH nony~eiUIH Kpin:ibiX 
pacnpep;eneHIIH nop no p;uaMeTpaM. llpn 1-H:cirep;o:Ba~mi: TpeKmihr:ic MeM6paH 

. c . AIIaMeTpa:Mu nop > 2 M~M ncn()n:bno:Banach onTn~ecl<aa M:ii:KpocKomrn n 

18 

aHamma Top M 0 P. · MuK·p-ocpo-Torpa<J>xm TpeKoBhiX Me}.~6paH npep;cTaBneHhi 
Ha pnc.l2. 

P~r~.12. :MIIi<pJ<p~~orpa<Imn ipeKoBbiX MeM6pan: nony•Iemi~rx c no
MOllii>Io nouim KpmiTona': 'a)nneKTpo.mian' MltKpOCKOllli'ff, 6)onTII'lecKall 
. ..· , ., .. , ~ , ' . ' . , ' ' 

MUKpOCKOllll.ll 

·! 

Cpep;HIIII pamiep nop n pacnpep;eneHIIe nop no p;naueTpaivt :irccnep;oBannch 
c noMOIIJ;hiO "Coulter" -nopoMepa. · 

P ' p - ·. '5.00 •. 
l!c.l3. '!-~npe}:lenenue nop. no., All-_ · 

a.MeTpaM B Tp~KOBblX MeM6panax . iio 

IIB,U<P, Toinnnu~ii 9 _ MKM·, ~onyqeiriioe 1"' 

c noMOlllbiO ·"Co~lter".:.n~poMep~. 0_6-
ny•renne npoBo}:lltnOcb: a)-llimaMn -Kce-. 

H_ona (1 MoB/a.e.M.),. av =. ±0,035; 2.50 

6)-noHaMn KpnnToHa · (2,5 MnB(a.e.M.), 
av = ±o, 085; B)-uonaMn neon a (2,0 

MnB/a.e:M:), av = ±0, 115. 

0.500 

; C(>. Daop; 0.3_50 i-IKM , • 

Dnop, WI?' ~ 0.149. 

MoJKHo Birp;eTh, 'ITo pacnpep;eneHue nop no p;uaMeTpaM ·ca.Moc. ynKoe y 

:MeM6p;1H, norry~IeHHhiX c • noMouihiO uoHoB KCeHoHa.;, eauoe. uinpc>K~8.- c rio-
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MOIUhiO IIOHOB HeOHa, ~TOj HeeoMHCHHO, eB.ll3aHO e.Beiiii'IIIHOii yp;eilbHbiX IIO-

HII3aiJ;IIOHHbiX noTepb (piie.13). . 
Benn'IIIHhi y;o;enbHOII nponnso;o;nTenhHOeTn MeM6paH II3 !JlTopnomnvrepoB 

n MeM6paH un nommnmeHTepe!JlTanaTa e op;IIHaKoBbiMU napaMeTpaMII npaK
TII'IeeKII He OTiiii'IaiOTe.ll npu: !JliiilbTpaiJ;IIII. ~O~.llpHbiX: :lKII)l;KOeTerl:, II 'cy~e
cT:SeHHO ~bUlle ( B "-' 1,5 pan a) )l;il~ ~eM6paH II3 !JlT~pnon~IMepoB npii !Jliiiib-
TpaiJ;IIII HenOl!.llpHbiX, :lKII)l;KOCTCll.: . . . 

XIIMII'!ecKaH cToHKOCTh MeM6{mH :Hn norrumim1:nu;o;eH!JlTopu;o;a· nero eo

noniiMepoB ·. sl.reoK~; llp~r 3KennyaTaiJ;IIII M:e~6paH ~pn TeMnerm~ype · 80~ s 

Te'IeHne SO eyToK B :lKII)l;KIIX u ranoo6panH~rx :in'reno~ax, aMMMIIaKe, MexaHII
'!eeKIIe· eso:iicTBa IInapaMeTpbi MeM6paH.HCMeH.ll~l~~b.· He6o.ri:b~~I·~ ~mMeHe
HII.ll (""' 1...:.2%) Ha6n~;o;arr~eh n~nnh np1i 3K2nnyaTa!ixii:i :B KoHu;eHTpiipomiHHhix 

; > ' ' ' .. " ' _. '; '' •• •• .~ ., ' ••• •• ' • < ' ' 

meno'Iax. 
llny'IeHIIe noaepxHoCTH~r~ eB~neTBMeM6 paH noKanano, 'ITo ~hreo:ime a;o;-

eop6u;IIoHHhre esoiieTsa nosepxHoeTII !JlToporriracToshix MeM:6pai( no' ~paslie
HIIIO e p;pyriiMII TpCKOBbiMII MCMpaHaMII, no3BOil.liiOT OpiiMCH.liTb IIX B 6IIO

TCXHOiiOriiii npii oT;o;eneHn;~ 6enKo~ oT snpyeHbiX eyeneHmrii. B ,3TOM eny;

'!ae MeM6paHa e u;enbro rn;o;po!Jliiniinau;IIII npe;o;sapuTenbHO MOp;II!JliiD;IIpyeTeJI 

noniiBIIHIInniipponiip;oHOM. PenynhTaTbi 3KenepuMeHTOB no o'!IIeTKe supyea 

rpiinna OT npiiMe~eii .liii'!Horo anh6yMIIHa npiise;o;eHbi B Ta6niiu;e 5. 

' 

Ta6rrHQa 5. 
PenynhTaTbi 3KenepiiMCHTOB no IIenonbnosaHIIIO a;o;eop6u;IIII 

npiiMeeHbiX 6enKOB Ha iiB,IJ;<P_:TpeKOBbiX MeM6f>aHaX 

(ITBll-Mop;II!JliiD;IIpOBaHHbiX) )l;il.ll O'I~eTKII BIIpyea rpiinna (pH ::::::: 7, 0). 
1 

Cop;eplKamre mrpyca, ep;. Pr A Cop;eplKamre Jlll'moro anb6JMHHa MKr/MJJ 

N'!.. rrcxop;HbiH 
' 

¢rrnhTpaT rrcxop;HbiH ¢rrJJhTpaT ... 

Ollb!Ta paCTBOp . :. paCTBOp : 

1 '1280 1280 5,2 0,20, 

2 640' 640 2,1 0,15 
'. 

3 2560 2560 6,6 0,30 

' 4 128 128 3,2 0,88 

5 10240 10240 12,3 0,80 

OcaoBHbie BbiBO)l;bi 

1; '· Pa:)pa6oTaHbi !JluniiKO-XIIMII'IeCKIIe oeHOBhi TexHonoriiii norry'IeHII.ll XII
:Mri'IeeKu CTOHKIIX MeM6paH Ha oeHoBe . norriiBIIHIIliiip;eH!JlTopii;o;a II ero eo

norriiMepoB. 1v1eTO)l; norry'IeHII.ll MeM6paH BKliiO'IaeT: o6rry'IeHIIe T.liJKel!biMII 

:20 

IIOHaMII aproHa, KpiiiiTOHa II KeeHoiia e 3Heprli.liMII oT 1,0 ;o;o 5,6 M3B/a.e.:M. 
n IIn6upaTerrbHoe xiiMII'!eeK~e 1Tp~'s~eH~e ria:T~;;{:~;,iX''Tp~i6B· ~;;Holllieno~-
·- • ' • •.. 1..:. ... ~: l_~.:.,, · ·.·~ :.~:~'·; __ ;_-,. _ _ ·,.·.:.~:; ~~ ·-:·,:./n·,·.:·-~·.-;·t.•·"·.·,;p·:·.t:;- -t·t· :~ 

HhlMII paeTBopaMII nepMaHr~H~'J'aK~IIJI. ITorry'IeHbi qnhlTHhle o6panu;hl MeM 
.... ·-·' ~- ~ .• , ;, _., ; .-·_r.· ~~--.,..:.•,';~,!, .f•".;; 1:· .. - .~·'"·:.;._~.: ~"'-": ~:; ~.,:~- ;· .:-:-·. ~-~." 

6paH II IIOY'ICHbi IIX oeHOBHble eBOIIeTBa.' ' . . . ' . '- •'-' 

2~ ·· TioK~a~~,-_qT~ ~6~··A~iie;~ireM ~~~~ilhlx"ii~m~~:c·~~~26':ii ti:r-'5' P:0;·54'il 
3H~prii~~~ .~-i- 1;o ;o;o 5;6 :M;:Bj~~e.~. B::H~ri~rilk~rr~e'H4>iri{>'Hg{1Fe~c>'co-:-
norriiMetmx npoTeKaroT npou;eeebr pa;o;IIau;IIommro ;o;erii;o;po!JlTopll:po:Ba:HIDl:, 

;o;e.cTpy~~IIII. II, eiliiiBaHI~~· Qu;eHe~a eBJI3h ~hlxo;o;a · o6panyroiUIIXCH H~npe-
~ • .:.. !: ,.,·, • •.., f.,,·'.~ 1"·~,·- ~r~~~ i-.'i!t:..!;:> i.;.''"'t(t'~ ~7'~~~-~-,;~•.ld~-~l.; .., 

p;el!bHbiX eoep;IIHCHIIII II· eOOTHOIIIeHIIJI p;eeTpyKIJ;II.ll/ eiiiiiBaHIIe e· BCliii''IIIHOII 
~ I ; '··. ~ r 4 ...., 

Y)l;ClibHbiX IIOHII3aiJ;IIOHHbiX noTepb 3Hepriiii IIOHOB. Y eTaHOBl!eHo, 'ITO, BKl!ap; 

npou;eeeoB• p'a;o;IIaiJ;IIOHHoii ·;o;eeTpyKIJ;IIII 'yserrii'I~Bae:r~ <:.'P<?C?COM.· B~rr~;:II~hi 
Y)l;ClibHbiX IIOHII3a!IIIOHHbiX noTepb. '.\•,: ·,·l •.: ,; . •· . ;·~ ; ·. '· ;, ·." ·, ; ,.; ,; , •. n · ~; 
3. · IIeerre;o;osaHbi periieTpau;IIOHHhre" eiloiieTBa norriiBIIHII~li;o;e:H:<flTopU:;o;a II ~ro 
conorriiMepbs. Onpe;o;eneH nopor -periicTpau;IIII TJIJKelib!X :IIOHOB.B· naBIIeiiMO

CTII OT eoeTaBa II CBOHeTB IIeXO)l;HbiXnOliiiMCpOB: eaMhlll.i!IIOKHll nopoi:\perii
e;:.J>all;,IIII. ( :kau6~rrhillyro ~y:BcTBIITerri.Ho~'.r;J) Ii:M:eeT 1 firreHK~i ncii:rii:EiiiHIIrrli;o;eH:

cPiC!prig~ '( ""'. 5 M3B····c~2 /M:r ); a n~eHK:ri corroriii:Mep():Bi:BiiH:ibiiiP;eii!JlTopn;o;a: c 

TeTpkcP'T~P~~:ff~eiiok (~ 4%; Bee.);' rer<ca!Jl'ropirpori:Hni~iiok (;...;:to%· see.} II 

Tpii!Jl,T.OP.~ri?P,~;r;r~~!!P~ ,( 'f'1 f9~:1e~:~~·::6/?#e~.1~~96~1~~~;:~''\:8}'·~~~.:·.~M~/~r. 
1

, 4., 'Wqy1feHO II36IIp~T()libH~e Tp,aBli~HHC rr.areHTH~X TpeKOB IIOHOB BHOiiii-
•• -~~ ',' >I • 1 '' 'j, ,J ~ , 'I·-<} l" l'i'' ¥1 ""tl ~t )r',"' ·I~,,;, J;t \ '/ ~ l 

BIIHIIliii)l;CH!Jl':J.'Opii)l;C II ero eo~Oliii~epax p~liii'IHbiMII, XIIMII'IeeKIIMII peareH-
TaMII (paeTBOp~~~ nepMa~raHaTa KaiTII~; rU:~pooKIICII H~fp~ ;r·~eliO'I.HhlMII 
paeT'sopaMw nepMaHraHaTa ,Karrii.ll). B Ka'!eeTBe ·onTIIMarrbHhiX y~rro'snii,' c 

~ - - ' • ~ ' . . ' • "' - ,. ·, ' t , t- ,i I- . J , t : 

TO'IKII OpeHIIJI .II36IIpaTClibHOeTII II eKop<;>C';l'II :f'J>?-B~eliiiJI,,,nJ>ep;~oJKeH: e~.~p;y-
rOIUIIH eoeTas:· 20% pacTsopKM.n04 s·l0~15%,pacTsope.NaOH II .TeMrre-

• • '. •• ' < ~ • •• • • ) •• : • ; •' } • ·, J -' 

paTypHbiH IIHTepsarr oT 85 ::; T ::; l05°C. ·lloKanaHo; ,'ITO II06IIpaTerrhHO.cTb 
'''rp~IirreHIIli 'B y:KanaHHhrx :yerrosii1£x, npaKTII'IecKII · ~e M:~~.ll~TcJi. , · · , : ~:;, ; 

.· . · 5. llee~e;o;oea:Ha <flopMa ndp II paerrpe;o;erreiiiie nop .no ;o;IIaM:eTp~ B MeM6pa

Hax B OaBIIeiiMO~TII OT Y)J;ClibHbiX :uoH:~IIJ~IIOHIU.!X. noTepb .:mepriiii ·ueiiOlib-

3YCM~IX 'dp~ noriy~e!i:ri:H MeM6p~H M~Hd~. ·.06IiapyJKe~ci·, 'ITO c poCTOM Be-
\., .: • • , • ~ ··, ·• l . ·- t r / • r ' , ; · ., , , • • , . . . ~ ::--; . : . _ . , . ., . . . • , . ·.·_ . . , . 

liii'IIIHhl yp;el!bHbiX IIOHIIOaiJ;IIOHHhlX nOTCpb 3Hepriiii IIOHOB, !JlopMa nop B 
,nony.'IeHHhlx. <flToponl!acT<is:bix ·~e~6pa~ax ;M:emreTc.ll· o.r :"~eeo'!Hhrx ·:qacos" 

' ~-tt<. ~: ... , ~ •• , t, tlr< · •:,_'! .. • .~· ·-~.;.'-':.1 ~f:-•:.1·.·~ ': ,,• '/ . ·:,-·,·' ~~:.,•' ~ 

;o;o ~IIITIIH;o;pa, II paenpe;o;erreHIIenop no ;o;IIaMeTpaM eTaHoBIITCH6orree ynKIIM. 
" ' I • , _ _ f i , ' . , ~ l , . • ; i_ ; , • ,' •:. • ,T, , • . ' , ~ ' _• : ~. , ,' ' ·' 't; " : , , •- ,· •. ,1. >, 

6. lloKa3aH01 'ITO o6pa60TKa o6rry'IeHHbiX TJIJKeiThlMII IIOHaMII nOliiiBII-

'' HliliH)l;CH<flTopii;o;a ··II era conOliiiMepoB i y <P-cBeTOM,· .'Y~ll~ITy'IeHHe~.' H ··~eiw
TOpbiMidnicTBOpiiTCliJIMII H:e npiiBO;IJ;IIT K yserrii'Ie~IIro eKopo.cTII II:~6IIpa-
TerrhHOCTII TpaBliCHII.ll. : ' ' ·' . • · 

7. lloKanaHo, 'ITO napaMeTphl TpeKOBhlX MeM6paH ( D .nop) II3 norriiBIIHII
nii;o;e:H!JlTopii;o;a ii ·ero ~onorriiMepoB II HX'MexaHII'IeCKIIe csoiicTBa rrpaKTII'IeeKII 
He II3MCHJIIOTC.ll npii 3KCrirryaTai.;;RII iB ~peeCIIBHbiX epep;ax (KOH!ICHTpiipO-

~ :· ~ ' 21 



B~~hl~ ~~c~~T~~; ~~·oo6p'~Hhl~ H Cl -~ N IiJ)'. · · ' . . 
.. · .· 8 •. ll~KanaHa_·ne~crre~T~~H~CT~ Hcrrorr~m'JBaHIIJI rronHBHH~mrAe:ifcpiopH
' p;HbiX. ~peKo~hiX' MeM6pa~, M~~~~Hcii~P.~~~H~hlx c ~errh~ rHp;p~cpHrrima~im 
II01IHBHHli1IllllpPO~IliP,;OHOMI A1I.ll o;rp;e~~HIDI MHKporrpnM~C~H 6eJi~~B 0~· Biipy
CHbiX. cycrreHIJHH ia C:'l~~ Bhl~OKHX ap;cop6~~0HHbiX "cBOHCTB IIOBepXHOCTII 

MeM6paH,. 
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