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CeHCH611J!H3aI.lHll rpeKOB TlllKCJ!LIX HOHOB e nrumnponllJ!eHe 

8 pa6ore ~IJHCaH MeTO)l CCHCH611J!HJruutH TpeKOB BLICOK~3HeprerHqHl,IX HOHOB KCCHO~~ B OOJJH• 
nponllJ!ette. nyreM o6pa60TKH_ paCTBOPHTCJlllMH, pacwoplllOlllHMH npOJI)'KTbl PMHOJIHJa B JOHe rpeKa. 
1-jaiiJieH WHpOICHii Kpyr oprattH'leCKHX pacmopHTCJJeii, BOJ)leiiCTBHe Koropwx npHBOJIHT K ceiicH611J!H· 
Jau,m :rpeKOB HOHOB a OOJJHOpOOIIJ!ette. YCTaHOBJJetto, '!TO OOCJJeJI}'KllllHMH ueo6XOJIHMLIMH CTMHllMH 
npoµecca llBJlllKJTCll cywKa H repMoo6pa60TKa, ripHMeHlleMble C UCJll,KJ YJiaJJeHHll aJICOp6Hp0BaHHOro 
pacwopHTCJlll HJ MaTpHUl>I OOJJHMepa, _BMJl>IBaKJUleTO ero Ha6yxauHe, .!lrill 0KaJKJIOii HJ CTa,uHii onpeJICJJeHI,( · 
OOTHMaJJJ,Hl>(e pelKHMI,( o6pa60TKH, TTpHBeJieHbl /laHHble 3.lleKTpOHHO·MHKpOCKOOH'leCKOTO HGCJleJIOBaHHll 
Clp)'Kl}'pbl OOJIHOpOOIIJ!CHOBblX rpeKOBl,IX• MeM6paH, _OOJJYtJaCMblX npH OOMOlllH MeTOJia, BKJIIO'laKJUlero 
CeHCH611J!HJauHIO opraHH'leCKHMH pacreopHTCJJllMH. . . . 

Pi:Jyn1,ran1 npoee11euu1,1x HCCJJeJIOBattHii noKaJMBaKJT, '!TO BOJJieii~TBHe pacmopHTCJJeii ua 06nyqeH
u1,1ii OOJJHnponH.lleH npHBO/IHT K JHatJHTCJll,HOMy OOBblWeHHKl HJ6HpaTCJJ1,HOCTH rpawieHHll :rpeKOB 
TlllKCJJLIX HOHOB, 'ITO noJBOJJlleT nonyqar1, Bl>ICOKOKatJeci-eeHHl>le MeM6pau1,1 c UHJJHHJipH'leCKHMII nopaMH 
/IHaMe:rpOM 0,J--0'.2 MKr H 6oJJee. . 

" '\' ' . 
Pa6ora BhlOOJJHeHa B Jla6oparoptt11 ,i11epu1,1x peaKUHii HM.r.H.llJnepoea OHJIH. 

J 

· : npenpHHT 061,e)lHHeHHOro HHCTHryTa llJlepHl,IX ~CCJJeJIOBaHHH, lly6tta, 1995 

ITepeBo.n aBTopos 

Kravets L.I., Apel P.Yu. Pl 8-95-315. 
Heavy Ion Track Sensibilization i_n Polypropylene 

lri this paper the method of high energy ion xe~on track sensibilization in polypropylene by treatment . 
of solvents dissolving the products of radiolysis in track zone is described, A variety of organic solvents 
the effect of which leads to the ion track sensibilization in polypropylene has been detected. It has been 

. found that the next necessary stages of the process is the· drying and thermal treatment aimed to remove 
the adsorbed solvent from polymer matrix which causes its swelling. The optimal procedures 

· of sensibilizing treatment for the chosen· solvents, drying and their next thermal treatment have been 
determined. The data on electron microscopic investigation of polypropylene track membrane structure 
obtained by the method involving sensibilization with organic solvents are given. · . 

Results of the performed investigations show that the influence of solvents on the irradiated 
. polypropylene results in substantial increase of selectivity of heavy ion track etching, this allows 
to produce the membranes of high quality with cylindrical pores of 0.1--0.2 µm in diameter and more. 

• ' • ' ', ' I 

. ' 
The investigation has been performed at the Flerov Laboratory of Nuclear Reactions, JINR . 

. Preprint of the Joint.Institute for NucitarRe~earch. Dubna, 1995 
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BBE,lI;EHHE 

-: - - __ ; - ' '.) / - - ': -::,-- - -_ ; - - - ;.' :..- ' 

_ : Cym;ecTByIOID;HH CI[OC06 H3rOTO~JieHHJI, TpeKOBLIX MeM6paH, Ha OC:f!:OBe IlOJIH_-

- . MepHLIX. ~aTepHaJI~B; ~anpHMep, IlOJIHaTHJieHTepe¢-r'aJI1l.Ta [1, 2k 3aKJriotiaro-: 

Ill;HHCJI B TOM, ·,iro o6eytieHHYIO BLICORO,mepreTHlIHLIMH TmReJILIMH 3ap1DKeHHLIMH · 
!<'.' ,,, , .~ - ;,''. ;,·.->: .. · _: .. _ .. ' ... ', -·~ .,~,.-

l!aCTHD;aMH nJieHKY I[OJIHMepa no.zoiepraIOT -XHMHlleCKOMY TpaBJieHHIO B pacTBO-

. pax m;eJIOll~ii; 'co.n;epHWT CTa,n'Hro ceHCH6HJIH3an;HH Tp~KOB ~e'p~.n; ~paBJieHH~M. 
· , , - ... ' .. ·, · , ·: t , , ·. 1 ~, • . ·: ' • , ' · • • •• _, • , ' • , • ' . : , ' . ' 

9Ta _ cTa.n;HJI; cocTOJIID;aJI · B · .n;am.Heii:meM -yrny6JieHHH pa.n;n:an;n:oHHO-XHMHllecKHx 

, np on;eccoB B Tpeiax/ ~~KJIIOl!aeTCJI ii ~6pa6 OTKe . o6JI)"l~H~OH . ycKOP,e~HLIMR. HO

' IIaMH _i::meirnn :Y<l>-H3JIYll~irneM [2, ~]. ITpoBe,n;e~n:e· ce~CH6HJIH3Hpyrom;eii:' o6P,a-

-6oTmcym;ecT~~HHO IlO~LIIIIaeT 'n:36n:paTeJILHOCTI, TpaBJI~HHJI TpeROB,6miro.n;apJI. 

tJeMy ~ocmtTp~BJieHHJI B -IlJieHK~ o6pa3yIOTCJI CRB03HLie -~aHaJILI -IUIJI~H,!ijHille- _'_ 
, ! _,., -.· ... , , l ·... . .. ~ -'·· ·, .,•. ·-. , . . ·' .- ,,· . . ,, - \. ':; , : , . , ,.'• , I\ ·• 

CROH q>OpMLI O,n;HHaKOBoro pa3Mepa. :a _" - · \ 

- _, P;3pa6o~aHHLIH cnoco6 IIOJiylleHIDI TpeROBLix' itiM:6paH H:a O~HOBeiroJIHnpo- -

IlHJieHa [4],' ~RJIIO"laIOm;Hii:: TaKme o6JiylleHHe IIOJIHMepHOHIIJie:HKH 'TJI}I{eJILIMH 

: _ 3ap11iKeHHLIMK llaCTHD;a:i.m ~ XHMHlleCKO~ ~paBJieHH~, He- co.n;ep}RHT CTa.n;Hio ceH- ,_ 

,._ :_ -c~6~mrnan;HH TJ>fI<OB. _- O:icyTCTBH~ '~'.ra,n;HH ceHCH61rnn:3an;IDI\ 'LI3BaHO. T;M, 11:TO ' 

H3B~CTHLiii:;_ Mt;To,n; .Y<I>-06JIY1I~HHJI (q>oToceHc~6HJIH3an;HJI), ~aK 6¥JIO ycTai:io- ' 

BJieHo, -He. 3q>q>eKTlIBeii. l136HpaTeJILHOCTI, _ TpaBJieHHJI He ceHcn:6:ii.inrnHpOBaH~ 

'HLIX'IpeKO~ HH3Ka, ~ pe3y~T~Te ~ero ri:ominporr~miHOBLie TpeROBLie MeM6paHI.I 

(ITITTfyf) HMeio:r KoHycoo6R,a3HLie nop~ TH11a,"neco:'{H:Lie 1IacLI" c 60.rri.IIIHM pa3: 

6pocoM ,n;HaMeTpoB no BeJIHl!HHe, 'IT(_) 3Hal!HTeJil>HO CHH}I{aeT HX Kal!eCTBo.' . :,, 

>.· K HacTon:meMy ~pe~e~ xop-outo H3yqeiiLI i3aKoHoMepHocTn: XHMH'leciwro Tpa~ , 
... ' • • '. '· ,. ' ' j \ '. ' • '.. / ' ' • ~ •• ' ' ' ' • j -

, BJieHHJI TpeKOB rnmeJILIX HOHOB B noJIHnponn:JieHe (ITIT). Haii:.n;eHLI -cocTaBLI , ' ' 
/. ,- ' . • ,· ' ' ·. •• . • , . . . '· I 

I •,iipaBm,eJie~ -[5], Il03B~JIJIIOID;He ~OB¥CHTI, H36,paT~JII,HOCTI,. TpaBJI~HHJI. O.n;1rnKo, 

-: He.n;ocTaTOlliIO HCCJie.n;oBaHa B03MO}I{HOCTI, IlOBLIIIIeHHJI TpaBHMOCTH TpeKOB. npH 

IIOMomH' MeTo,n;o~ . ceHCE:6H.JIB3an;HH.' . -IT pe.n;JI~}l{eHH:bIH; cno co 6 'ceHcH6HJIH3aiurn 

-·- [6], -CO.CTOJIID;HH 13 TOM,\_ 'ITO_ 06Jiy:<IeHHY~. TII}I{JJILIMH 3apJI}I{eHHLIMH ~acnrn;aMH _. 1 

rrommpohimeHOByIO nn:eHKY nepe.n;. TpaBJieHHeM -no.zoiepraIOT - TepM~o6pa60TKe --' 
• - - • , l , ,' . •, ,•-, . . , . ,. ; .,,.. • - . , . ~ , '. ' 

-' npn:: IlOBLIIlleHH;1'1X TeMriepaTypa:~c, XOTJI ,H npHBO~T _R IlOBLIIIIemIIO H36Hpa1;e~:. -

HOCTH TpaBJieHHJI TpeKoB, He no3BOJIJieT, .O.n;HaKo,·co3.n;aBaTL nominponn:JieHOBLie•: · 

:TpeI{OBI,Ie MeM6paiiLI c ~HmiH,lij)HlleCKHMH nopaMH Ha-ypoBH~ 0.2 Mru:r ~ "MeHe~. 
·_ . ", ,I' • -·,'', •· '. ·, •• ·,,. . • • -· > .· · .. 

~--~~,;~c.":'...,.:"\.~'";._,, < , 

~--q.,._,. ,.,,.;,. .. ~ ·.,_;11 rrv""_ "'"!';..'/'~ ' l_ .:i•~n,,',,.;.l,'l~~bU,.ltJ:lol."-iQ 1..--!.JV';"~t.:~3ti, . 

B mries;i~X ucc.iJ~!li1;1U.Lill, • 
j -. 6HSff~OTEM/'i; .. -- --.... ,...,..., ........... -- . 
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Ilo3TOMY noHCK acpcpeKTHBHLIX MeTo,n:o~ ceHcII6IIJIH3aD;llll TPeKOB B noJIHnponH-
JieHe JIBJIJieTCJI BeCLMa aKTyaJII,HLIM. 

/ . . / ,· . f , . , - -

UeJII,IO HaCTOJIIl(ero HCCJie,n:OBaHIIJI JIBJIJieTCJI pa3pa6on<a MeTO,n:a ceHcII6IIJIII-
3a:o;IIII, KOTopLiii: '5i.J: ~o3BOJIIIJI noBLICIITL 1!'.36IIpaTeJILHOCTL TpaBJieHIIJI Tpel{OB 
HOHOB B noJIIInponIIJieHe ,n:o 3IIa'IIITeJII,H~ro ypoBHJI, 'ITO o6ecnetIIIJIO 6LI B03-
\ ' . . . : . , 

MO)I{HOCTL noeyqeHIIJI BLICOKOKatiecTBeHHLIX IIII TpeKOBLIX MeM6paH c nopaMII 

· MeHee 0.2 MKM . 
: . .L(JIJI noJIII3~HJieHTep~q>TaJiaTa (II9T<I>) ~pe,n:JIO}I{e!I Me~o.n: ceHCII6IIJIII3aD;IIII 

... ,TpeKOB npII nOMOI1(II'B03)];eHCTBIIJI paCTBOpIITeJieM [7], 3ctKJIIO'laIOm:IIii:CJI,nO MHe-' 
HIIIO aBTOpOB, B TOM, .'ITO B pe3yJII,TaTe ripoIICXO,n:Jim;eii: IIH)];yD;IIpOBaHHOii: KpHC-

. - ' - .... ' -
TaJIJIH3a:o;HII B TpeKax o6pa3yKlTCJI MHKponycTOTLI, cnoco6cTByIOniIIe 6LICTpOMY 
npoHIIKHOBeHIIIO TpaBIITeJIH n:pII nocJie.n:yrom;eM TpirnJieHIIII. .tiaHHLIH cnoco6 
,l];OC;aTO'lHO acpcpeKTIIB_eH II no3~0JIJieT He TOJII,KO 3Ha'lHTeJII,HO noBLICHTI, II36Hpa- . 
TeJII,HOCTL Tp~rnJiemi'~ · Tpeiw:s TJimeJILix IIOHOB B II8T<I>; Ho· ii: IIcno~i.3oBaTi. .n:~-

• , ,> •.• _. • . • • •- /. '. • •. ' •> • :-• • ,• . ,'' ' f. •,. '• ': ' ~• • •, : . l ' 

n9eytieHIIJI;TpeKOBLIX MeM6paH ny'IKII ycKopeHHLIX IIOHOB c MaJILIMII aTOMHLIMll 
lIOMepaMII'. RcBJI3II C 3TIIM npe,n:CTaBJIJieTCJI, 'lTO:Han6oJiee-riepcneKTIIBHhlM irn
npaBJie~rneM noic1m M'e;o.n:a-ceHCH6IIJill3~UIIM Tp~ioB B no~npcinmi:eHe c~e.n:yeT 
C'lm~T~. nOIICK pacT~OpIIi-eJieii:, 'B03,n:eii:CTBIIe KOTOphlX H~: TpeRH, IIOHOB B: ~~lH~ 

,.IIOM noJIIIMepe MO}I{eT rrpIIBeCTH K IIOBhl~eHH~. IIX ipa:aHMOCTII:. .l(aHHaJI pa6oTa' · 
· II IIOCBJim;eHa nOIICKY · opraHII'leCKIIX pacTBopliT~Jieii:, npllBO,n:JI~IIX K. ceHCII6II.:. 
JU~3a:u;nn TpeKo~ IIOHOB B rrn, a TaKme orrpe,n;eJie~IIIO OIITIIMaiJiHllX ycJIOBIIiI 
npoBe,n:eHIIJI npo;ecca ceHcir6IIJIII3a~HII. ' . ' ' ,' 

• ',: ,, < ,. ' • :·' .·' '1 . ,:'~',~---· ,,' \ \ 

METO.L(I1RA 8RCIIEPII~EHTA' 

06ieKTaMII '.n;JIJI HCCJie,n:OBaHIIH CJIY}I{IIJIII 'rroJIIInponIIJieHC)Ilhle frlleHRH "To- . 
'rayfan'' TIInOB T2372 II T2400_' np0113B0,!ICTBa qnipMLI'''Toray1' (Hrromur}. HoMII~ .· 
HaJII,HaJITOJIIUirna IIJieHOK COCTaBJIJIJia 10.0 II 10, 2 iiK~ COOTBeTCTBeHHO: no ,n:aH~ · 

. HhlM II3roToBIITe~ nJieHKII IIM~JIII .n;ByXoCHyro' opII~HTa~IIIO II coc1:0JIJIII' II3 II3o: . 
-TaKTII'lecKoro nciJIIIMepa. 'rrm>Tiiocn; MaTepirnJia COCT~BJIJI~a OKOJIO 0.92-r/cM3, · 
'ITO cooTBeTcTByeT 80% KpIIcTaJIJIII'!Ho'cTII: · ·· · . 

06pa3D;hl rioJIIIIlponIIJieHOBhlX -nJieHOK .· 06eyqam1 IIOHaM_II Xe, (aHeprIIJI ' 
1 Ma·:s /HYKJIOH) irn D;IIEJIOTpoHe · Y~400 Jia6op_aTopIIII · JI,n:epHhlX peaK:o;IIii:. Ilo- . 
c,Jie o6Jiy'1eHIIJI o6pa3:o;hl xpaHIIJIIIci, Ha B03.n:yxe npII · KOMHaTHoii TeMnepaType. 
TpaBJieHIIe o6pa3D;OB · npOBO)J;IIJIII • npri IIOBhlilleHHhlX T~MnepaTypaX. B. pacTBO~ 

'pax, co,n:epmam;IIX coe)J;IIHeHiuI mecTIIBaJieHTHOro xpoMa. , Rcrn.n:yRTOMeTpIItie-
;' cKIIe:II3MepeHIIJI Il rrpo:u;ecc~ 'TpaBJieHIUt npoH3BO.iUrnII no MeTO,lUIRe; onIICaHHOii: . 

B [8]. 0frpa3D;hl no11em;aJIII B npe,n:BapIITeJILHO Harpe-ryro )];O T~MIIepazyphl 'Tpa- , 
BJieHim Jiqeii:Ky .' II pocMOTp II q>OTorpacp:ri:poBaHIIe; npoTpaBJieHHLIX o6pa3D;OB 
rrpoBO)J;IIJIII npII noMom;II cKaHIIpyrouiero aJieKTpoHHoro MIIKpocKona ,JSM-840 
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,;(JEOL)._Pacnpe,n:eJieHIIe nop ~o pa3Mep<JM o:u;eHIIBaJIII,Ha npII6op~ Q,oulter 
poromet~r II (Coulter Electronics Lt;_d). OnIIcaHii:e.aKcrrepIIMeHTaJII,HhlX MeTo- • 
.n;HK 6y;ZJ;eT ,n:aHO HII}I{e B CJie.n:yrom;eM' pa:i,n:eJie. ;..~ . . . - . j 

I . . .. ' . 

PE3YJihTA.TbI I1 .I1X OBCY)K.L(EHI1E 

PaHee npli II3y'leHIIII pa,n:na:u;H~HIIO-XIIMriecKII:X i:rpo:u;eccoB, npoII~XO,n:Jim;IIX. 
' npII o6Jiy'leHHII nOJIIl3TIIJie~Tepeq>TanaTa II ,nOJIBKap6oHaTa, :iiaMII yc;aHOBJieHo, ' 

' ,, . ~ ' ' . .., ; ,- ' ;, • - .. • ,·.·1 ., ''-. • ': _' -
:'ITO B cep.n;:u;eBIIHe, TpeKa.npOIICXO,n:JIT npo:u;eCCI,I ,n:ecTpyK:u;IIII MaKpOMOJieKyJI no~ 
JIIIM,epa-[9, 10]. B [11]'na_npIIMepe II8T<I> c~eJI~Ha rronhlT~a II3~JI~'leH~ II 

. ami.JIIIJa .n:ecTpyi<THpOBaHHLI~ :u;~neii: MaKpoMoJieKyJI_ noJIIIMepa - npo.n:yKTOB pa- · 
')J;II~JIII3a: .L(JIJI 3KCTpa~ii:poiiaHIIJI-. 6hlJIB npIIMeHe~hl p~c~Bopii:Te~ 'xoponio ~x 
J>ilCTBOpJIIOm;IIe, H() He_pacrnop.!110II1He ,IlOJIHJepttylO, MaTIJIUlY' . , , (xJiopocpopM, ioi:
MeTIIJiq>OpMaMII,n:). 'Bo3~eii:_C'I'BIIe_ ,n:aHmix pacTBOpIITeJieii:, • KaK noKa3aHO B' [7], 
~PIIB~)J;IIT K, ce11rn6IIJIII3a:o;IIII TpeKO~ 'TJI}I{eJILix qa~~II:u; B II8Tc:I>. 'B OTJIII"q~e:' 
OTMHeH~JI aBTOpOB,· MLI. c~rnTaeM, ·'ITO ~oB~eiiIIe Tpa.BIIMOCTII ;peK~B H no-''· -

• • :•• •', • I •; ~-. • •:' ,, ;' i . • .. : •, ' ,- ' . ' • '> ' > • ' _, ,• / 

JIH3TIIJieHTepeq>TaJiaTe .npII B03,n:eii:CTBIIII paCTBOpIITeJieii: Ha-Hero npOIICXO)J;IIT 
B pe3yJII,TaTe B03HIIKHOBeH11~'. CBo6o,n:HQro, ofrI,eMan 'o6JiaCTII TpeKa, o6pa3yro-'. , . 

, m;~rocJI B nponecce • 3KC;parHpOBaHIUI: npo,ziy:KTO~ pa)J;Ilo~3a;' IlpIIHHMaJI ,n:aH'.: 
Hhlii: Me:XaHH3M CeH~II6IIJIII3aD;IIII II pacnpocTpaHJIII _ero ';a, ,n:t>y1ii:~ .IIOJIIIMep~, 

,, ecTeCTBeHHO npe,n:noJIO}I{IlTI,, 'ITO ,n:JIJI -Kam,n:oro II3 ~CCJie.n:yeMi.IX IIOJIIIMepoB ceH-
' 'CII6IIJIII3IIpyrom;IIM '6y.n:eT 'JIBJIJITI,CJI 'TaRoii: ' pacwop~Te.JTI,; ~~iopLiii: ,n:o~TaTO~:irn .. 

, >' _''. '-~• _-.•·•,, ,-·• . :·-, •·, ' ' -~- I; • _-. ·- •,' \,, • 

,xopomo pacTBopJieT npo.n:yKTLI pa)J;IIOJIII3a .B 30He TpeKa; . .. _ . . . 
- IlpII o6eytieHIIH IIII-~JieHOK -Y~Kope.HHhlMII 'l'JI}I{ei:uiMH 11:0HaMII npcmcxo,zvrT '' 
pa)J;IlaD;HOHIIO-~M~'leCKIIe npo:u;ecchl, T~K}I{e npIIBOMm;He K. o6pa30Bami:ro B Tpe- · 

' ' \, ;c , •• • • '• • •, •~ • •' • • \ • • • - ' ' ' •• < • > • - ' • 

:Kax npo.n:yKTOB .n:ecTpyK:u;IIII MaKpoMoJieKyJI 'noJIIIMepa (12]. IIoaToMy K Kpyry · 
, 'n~pcneKTHBHI,I;_ C~HCII6H~3IIpy~m;IIX p~CTBOpIIT~JI~ii: cJie.n:y~T OTH~C!II pacTBO- .. 

PIITeJIII, paCTBOpJIIOm;IIe HII3KOMOJieKyJIJipHhle 'roMOJIOrII no~nponIIJieHa, a CJie- , 
,iJ:OBaTeJII,Ho, lI ripo.n:yKTLi' pa)J;IIOJIII3a, . AHaJIII3IIpyn: JIIITepaTypHLie ,n:aHHhle [13]~ 
K TaKIIM pac;BOpIITeJIJIM c.i:re.n:yeroTHeCTH CJie.n:yrom;He: ' ·' , .. ' . ' ' 

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

- - aJIIIq>aTH'leCKIIe yrne:Bo,n:opo)J;I,I II IIX CMeCII, XJIOpnpOII3BOp;H¥e aJIII<paTII~ , 
. qec:KIIX yrneBo,n:opo,n:oB, paCTBOpJIIOm;IIe aTaKTII'leCKIIe cppaKD;IIII lIOJIIInponIIJieHa 

'. IIpII KOMHaTH~ii:•~~Mneparype; a IIpII noBLIIIIeHHOii: ~ CTepe~6JIO'l:HI,Ie cppaK:u;IIIIj · 
. --:-cIIIIpThl, 'KeToHiil, CJIO)I{HLI·e H npocTLie acpIIphl, pacTBopJIIOm;IIe aTaKTII'le- -
. cKIIe CTPYTYPhl npII noBhlmeHHhlX TeMnepaTypax; 

- apoMaTII'lecKIIe, rII.n:poapoMaTII'lecKIIe yrJieBo,n:opo)J;I,I, pacTBOpJIIOm;He. npII 
BhlCOKIIX TeMnepaTypax H30l'aKiIItieCKIIii: no.im::ii:gonIIJieH (m{II60Jiee a<Pq>eKTII-

'r BHhle paCTBopn:TeJIII).' < i · - ' /. . , . •. - ' .. · ·~ , ·. . • • 

·, ,,n;JIJI irpone,n:eHIIJI ~KcnepIIMeHTOB 6HJI Bhl6paH pn:,n: pacTBopHTeJieii:, 'OTHOCJI-
' m;ix~JI R · pa3JIH'lHI,IM KJiac~aM. opr~HIItiecKII~ · cbe)J;IIHeit1;fil, ·· .. H3 rrpjBe~eHH6ro . 
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Bhlllle nepe'IHJI:' MeTo~Ka u3roT~BJie~IDI ±peKoBhIX MeM6paH c np_1n.rnHenireM · 

. MeTo.zi;a. ceHCH6HJIIl3an;Im pacTBOpHTeJieM COCTOJIJia B~ CJie.zzyromeM.- . 06JIY'ICH~ 

Hhle~ycKopeH~hIMlI' lI~HaMH • noJIHnp~illIJH!HOBLie mieH'im o6pa6aThIBaJIH 'B. Teqe~ 

HHe onpe,n;e'm:!imoro npeMeHH B pacTBopnTeJie: TeMnepaTypa o6pa6oTKH nap1,n

ponanac1,. · . IIocmi' BR.n;epm:im If paCTBOJ>HTeJie o6p~3I1~ BhICYllIHBami: Ha B03- . 

eyxe. TpaBJieHne o6pa6o~aHHhIX rrrr nJieHOK npono,timm n KOH~KT~Me'l:pH'IC

CKoif JI'leHKe IIJIH B CTaKaHe ~ o6~rpeB~eM_OH BO,n;JIHOil py6anrKOH. B IIOCJie,n;HeM 

c.rrytJae COBMecmo IIJ>O,BO~JIH Tpanm~mi:e KOHTpOJII,H_oro '(Heo6pa6oTaHHOro n 

pa_cTBOpHTe.rre) o6pa:i:i_i;a. mi~Jie Tp~BJie~HJI n:oJiy'leHHLIC MeM6paHI,I npo_Ml,lBamt 

B BO,!l;C' H BhICYllIHBami:: 
,- l-faMepJIJilI cire.zzyromne, napa~eTphl, xapaKTeplI3YKlIUHC. npon;ecc TpaBJICHHJI:_ 

- H3MeHeHne Toir:mHHhl. ·m1eiioK; ,. · 

....: - ra3i:JIIpOHHIIaeMoci-i. MeM6paH (noTOK B03eyxa; i::rponre,n;nrHH '1Cpe3 MCM~ 

6paHy ), H3' ieJIH>inm.i:' KOTOpOH 'no· ¢opMyJie IIya3eiIJIJI j>aCC'IHThIBaJIH 3cpcpeK~> 

' _TlIBHhIH ~aMeTp nop; - - : ' '- - - ' 

_ · . - · BpeMH cimo:moro ..xpaBJieHIDI TpeKon; perncTpnpyeMoe KOHJIYKToMeTpH'le-
1 - , : '. •. - • • \ • - _, - ' ' • • ,~ ,. . . • .• • 

'CKHM MeTO,!l;OM 'Henocpe,n;CTBCHHO: B_ npon;ecce TpaBJieHIDI; ' ' . ' ' ' ' ' 

- npo~~JII,H)'IO .cKopoci:i. TpaBJICHIDI TpeKOB Vi,' oi::rpe,iieJIJieMyID ni ,n;aHHhIX .. 

KOHJJYKTOMCTprm; 
- pa~aJThHYKl c:iiopocTb Ypairi:eHHJl TpeKOB Vr, orrpe,z:i;eJIJieMyro H3 ,n:aHHhlX , 

· 3JieKTIJOHHOH MHKpoc~onHH.· - . - . . , , . - . 

' Pe3yJIImiThl npone.n;eHHhIX HCCJie,!l;OBaHHH no 
0

TpaBJieHHKl 'no~nporrHJICHOBhIX , 

imeii:ox, o6eytieHHhlX H~Hai'rn RCCHOHa;rrpIIBC,UCHhl ~ Ta6Jiniiax 1 ::_3 n'rpacpIIRaX .· 

1-:4, r.n:e K;)I{,n:~e 3KCriep:n:MeHTaJII,HO Haii.zieHHpe 3Ha'ICHHC rrp~,n:CTaBJIJieT co6oii- '' 

pe3yJII,TaT ycpe,n;neHiIJI n~ Kpa:fiHe:tt ~epe ipex 3Ha'leHHH. YneJill'qeJrire npoHH- · 

n;aeMo'crn M~M6paiI, H~ro;OBJieHHhIX C nptrneHCHIIeM MeTO,n:a ceHcn:'6HJIH3a~H 
. . . - '. - . '. - ' - ' . ...; ' ~ ' . ' ~ 

pacTBopHTeJieM, no' cpaBHCHHKl 'C KOHTpOJII,HhIM 06pa3:u;oM; ,H 'YMCHI,llICHHe' Bpe-

MeHIICKB03Horo TpaBJICHHJl no;BOJIBIOT c,n:~JiaTI, BhIBO,U O no1muie1rnH TpaBHMOCTH 

TpCKGB, TO ecT:i. o6pa6oTKa o6Jiy'l~-H11LIX:TJI~CJThIMH 'noHaMM n~eHOK rrommponn

JieHa B Bhl6paHHhIX paCTBOpHTCJIJIX rrpHBO,nIIT K ceHCH6HJIH3a:u;Hii: TP~-KOB: 

l1:cn~JII,3yeMhle opraHHtJecKHe pacTBop'iiTeJIM neci,Ma 3cpcpe~~HBHhl, OHH pac-. , . 

TBOpJI10; H~3KOMOJieKyJIJipHHe <ppaK:U:IIH ~~JIHnporrII;CHa npn KOMHc!.THOll TeM- . 

nepaType, Ilo3TOMY cJie,n:onaJio ok.n:'aT~, tjTo 34)q>CKT ·ceHCH6HJIH3an;irn np~JI- • · 

BHTCJI yme rrpH HH3KHX TeMnepaiypax;. B ca'MoM ,n;eJie,' KaK "iiH.ruio H3 pe3yJib

TaTOB (Ta6n::1), CCHCH6HJIH3a:U:IDI rpeioB B o6~y'leHHOM HOHllMH' K~~~OHa IIO

JIHnponHJICHC HaCTynaeT Iipn KOMHaTHOH' TCMrrepaType 3a: ,Zl;OBOJibHO 'Kop~TKOC. 

. BpCMJl o6pa6oTKH. IloBhllllCHHe TeMriepaTyphl He Bhl3hIBaeT' yn~JIH'leHIDI ~eH-

cn6HJIH3IIpyIDmero' 3cpq>eKTa. - ,n:aJII,HCiiIIIero YMCHbllleHll.iI: i:ipeM:eirn. CKB03H6ro 

TpaBJJ:CHHJI_ TpeKoB He HaOJIKJ,n:aeTCJI-. Ilo3TOMY :He<r Heo6xo~MOCTH 1B -n:pone-

r: 
.t 
~ 

.. ,· 

t 
-;r .. '' 

r. 

/ 

·,. 

! 

-. ,[(CHHH CCHCH6HJIH3clD;HH' npn noBhlll!eHHOll TeMnepaType; TCM 6oJiee, 'ITO'. npn-
/, ·. ' . . . ! t ' . , . ' ' '· ··• ! -· - ' 

MeHJICMhle paCTBOpHTeJIH JIBJIJIKJTCJI BemecTBaMH JICrKoJieTy'IHMH II, BCJIC,UCTBHe 

3TOI'O nolliapoonacHhIMH. Ha plic.l npine,n:eHa 3aBHCHMOCTl, BpeMe:irn CKB03Horo 

TpaBJieHHJl TpeKOB HOHOB KCeHOHa ·oT, ,UJIHTCJibHOCTH o6pa6oTKH B paCTBOpHTCJlC 

(yaHT-CnHpH;C ). KaK BH.n;HO, o6pa6o~KY H~o6xo,n:HMO ~ecrn 1l TC'ICHH~ 3:._5 MlIH. 

Bhl6op ,n:aHHoro HHTepnaJia 061,,rcHJieTcJI, cJieeyIDrn:nM: 3a Meil:1,nree npeMJI · o6-

pa6oTKH CCHCH6HJIH3aIIH!I Ma;TJ:03<pq>eK;HBHa,' HCIIOJib30BaHHe }KC 6o~rnero ·3Ha

'1eHIDI He:a;eJieco,06pa31rn; rrocK6JI1,Ky He rrpnno.n:n-r K yneJIR<ieHHKJ ceHcn6nJIH3H~ 

pyIDmero 3cpcpeKTa.. l{poMe Toro, ,UJIHTCJII,HclJl 'o6pa6o~Ka inominponHJICHOBhIX 
. • ' ., • .• , l • ,_• •~ • ,._ ' ' 

nJICHOK B opraHH'ICCKHX pacTBopHTCJIJIX MO}KCT npHBeCTH_K HX 3Ha'IHTCJI!,HOMY 

Ha6y;aiIHKl HJIH .zia}Ke K '18-CTM'IHOMY p~cTBopeHHKl. 'TaKHM o6p~30M, OIITHMaJII,

/ HhIH -pClliHM ceHCH6HJIH3annn, np1rno.n:mn:nft R IIOBhlllICHHKl TpaBHMOCTHTpeKoB 
·1 - · • . '. '. ~- • 11 .· · 

' B IIOJIHIIpOI1HJICHOBhIX IlJICHKax, o6Jiy'leHHhIX TJl}KCJihIMH HOHaMH, 3aKJIKJtJaeTCJl 

B o6p~6oTKe -opraHH'ICCK~MH · pacTBopHTeJlJIMH; pacT~opJIKlll{HMH. npoeyKThl pa-
..... - ~_. -··~ . ' '· '. ' ', ., . 't - . . ; -· 

,UHOJIH3a, IIJm Ko1,1HaTHOH TCMnepaType;B TCtJCHHe_3-5 MHH. ' . 

Ta6JUJ,Qa L ,UaHHhIC O Tp~B.rreH~rn• noJIIIrrporriJieH~~OH'niieHKH "Toray£~~" 

, , T2400 (nJIOTHOCTI, nop 107 ck-2), o6pa6oTaH~Oii paCTBOpIITCJUI-
,~~ n Te'!eH_He 3 MHH , ., , . '• ' 

P_aCTBOpHTeJI' h, I Te,MnepaTypa. B~e~rn c~~o3C. To. J!IIIH; 
npHMeHHeMhlll . · o6pa6oTRH B - Hora TpaBJie-· Ha MeM• 

,l(JIH ofipafiOTRll paCTBOp,HTene. , HHJi: TpeROB , fi~aH·LI 
. , . _'_c (°C) ___"__ (MHH) (MRM) 

Ko;ITPO)!LHLlll o6pa3eti ' · 

,, ' Be·H3HH 

YallT-cnHpHT 

20 
30 
40 
50 
60 " 
70 
20 

9.8 

9.6 - , 
9.6 
9.6 
9.5 

.9.5 
9.5 
9.6 

-· 
ra3o~pOHHl(a

, eMOCTh npH' 
· ~P=0.21. aT .: 

(MJI/MmI}', 

2.0 . 

60.0 
62.0 
60.0 
58.0 
62.0 

.60.0 
62.0 

3cpcpeKTHB

HLlll ,1\Ha

MeTp nop , . ,

( MKM) 

0.12• 

0.34 ;. 
0.35 
0.34 
ci.34 
0.35 

''( 

renTaH 
·M-Krnmiii · 
Terpamrn 

20 
25 
25 

7.5 

2.5 
,,2,0 
2.0 
2.5 
2.0 
2.5 
2.0 
2.0 
2.5 
2.3 

, 9.5 
. __ 9:5 
9.5, 

. -59.0 
58.0 

, 60.0 

,0.34 
0.35 
0.34 
0.35 
0.34 · XnopocpopM 

ByTHJIOBLilt 

cnHpT • :" .20 ,2.2 9.6 · 62.0 0.35. 

' - ·I ' • ' . . ~ . . ' 

*Tpa£JieHne npoirnno,n:HJioci, npn TeMrrep~:rype 80°C n pacrnope cepHoii KR- _ 

, •CJIOThl c d==l.303 r/e113, co,n:ep)ImmeM·250J:/JI xpoMoBoro aHrn.n:p_II,na (npeMH· 
ipaBJICHHJl 2()MnH). . . - ',' ...,, . . .. ,, 

I . -
/·, 5 

/, 

I 

I J, ,'-. 
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s:o ----------~ 
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6.0 

· · :i: 5.0 ... . 

--- ._ i 4.0 
--~-" . 

f--.u 3.0 

· .2.0 .. 

"J:O. 

·-'-:· . .. • • 

MHH ·. 

:,-· 

Pnc .. i. 3aBHCJIMOCTb ~peMeHil. CRB03HOro TpaBJieHHJLTpeROB llOHOB Ree-. 
HO~. a (TeMrrepaTypa~TpaB~~H~ so°C)°B 'rroJI~IIpOII~IJieHe"•l)Torayfan" T2400 0°T. 

, • • •- • • I • • • ·• ' ,. • • '- • ' • ~ • i 

.L(JIUTei:rl>HOCTH o6pa6oTRH B pacTn:op11TeJie . 
• • • + +. - . _; ~ .' .' ., 

. " l-u 

·.,.;__ 

P11c.2., 3a~HCIIMO~TI, BpeMeHU CKB03HOI'O TpaBJieHim-TpeROB -llOHOB RCeHOHa 
(TeMnepaTypa TpaBJieH~ 70~) B ~~JIHIIpo~n.rreHe "T~rayf~~''T2400 n 3cpcpeR: . 
TllBHOro .zillaMeTpa riop MeM6pa~hl ce:Eic11611Jm311pOBaHiioii· B .pacTBopRTeJie OT 
TeMrrepaTypl>I TepMoo6pa60TRllj BpeM.11; TepMoo6pa6oTirn: 15 MllH •. . ' 

~ . - . . -- --· - . - . 
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Pm::. 3. '. 3aBH~~MOCTb 3cpcpei,<THBHoro: ,zuiaMj~T;a II<>p. i Tomij~Hl>I · IWJillIIJ>O_-: . 
-rr~meHOBOH TpeKOBOH MeM6paHbl ceHCH6HJIH3HJ>OBaHHOH B paci:~op11TeJie°C>T Bpe-
MeHH TepMoo6pa60TI{Hj, TeMIIepa-rypa. TepMoo6pa6oTRH 95°G. . . . . ' 
. , ' . •", - - ~ ·- - ' . . . - ,, -- . . . ~ 
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. XapaKTepHo, qTO IlOCJie o6pa60TIOLpaCTBOpHTeJIHMII B03pacTaeT CKOpOCTI, 

TpaBJieHIIJI rmeHOK C noBepXHOCTH, () qeM CBii,n;eTeJII,CTByeT MeHI,IIraJI TOJIJ.U;HHa -

IlOJIYqaeMhIX MeM6paH ITO cpaBHeHHIO C KOHTpOfilHfilM o6paa:U:oM .. 8TO o6ycpo

BJieIIO TeM, qTQ npHMeHJieMi.:re pacTBopHTeJIH, BnI3nIBaJI Ha6yxaHHe· noJIHnponH~ 

Jiemi., npHBO,lJ;JIT K ero nJiacTH<pHKan;Hn:. HOBnIIIIeHHa~ cKopocT~ .TpaBJieHHJI no

BepXHOCTHoro ·cJIOJI Mcl.TepHami CHIDKaeT H36HpaTeJII,HOCTb TpaBJieHHJI TpeKQB, B 

pe3yJII,T~1.Te qero IIpOHCXO,lJ;HT cpopMHp~BaHHe KOHyci:nIX IIOp .. l.fro6nI H36ejaTI, . 

3TOro He}ReJiaTeJII,HOrO JIBJI{!HHJI, Heo6XO,n;HM~ y;n;a~Tb a.zicop6HpOBaHHfilH p~C

TBOpHT~JII, II3 ifaTpHI(fil noJIIIMepa. PacTBOJ>HTenl> He y,n;aJIJieTcJI IIOJIHOCThIO npH 

. BnicymmiaHHH o6p~60TaHHfilX IIJieHOK ~pH KOMHaT~OH TeMn~p;Typ·e:. ,ll;e'cop6n;HJI -

ero npOHCXO,n;HT JIHIIII, npH IlOB.hIIIIeHIIII TeMnepaTypnI. Ilo3TOMY 'i npon;ecc cen-:- . 
' ,. . . . - . , . ~ . . ' , ' 

CIIQHJIH3aD;lIH CJie,n;_yeT BBeCTII CTa,D;IIIO TepMoo6pa6oTKH; 
. • '·. . . . • . f . . , 0 BJIHJIHHH TeMnepaTypnI II BpeMeHH TepMoo6pa6oTKH Ha npon;ecc ,n;ecop~ 

6n;HH,paCTB~pn:TeJIH Cy;n;HJIH no II3MeHeHHIO Bp~MeHH CKB03H~ro TpaBJieHHJI Tpe

KOB, TOJIJ.U;IIHI,I 'II npo11nn;aeMOCTII_ MeM6P"1H (pHc.2:-3). PeayJil>TaTfil npoB~,n;eH

HhIX. 3KcnepHMeHTOB IlpHBO,lJ;JIT K CJie,n;yiom:eMy BLIBo,n;y: TepMoo6pa60TKY o6pa--. 

6oi-aHHLIX :e pacrnopHTe~e. no.rninp/OIIHJie-!lOBL!X IIJI_e~IOK o6JiyqeHHI,IX. TJI}ReJI~MII s . 

HC>HaMH CJie,n;yeT IlpOBO,lJ;HTb IIpH_ TeMnepaType OT 85°C·,n;o 105°C BTeqeHHe_ 

• 10~15 · MHH. IloJ.icHHM BLI6.op ,n;aH~oro HHTepBaJia. IlpoBe,n;eHHe He~po,n;oJI}RHc. -

. TeJII,HOH no BpeMeHR TepMoo6pa6oTirn: npH,TeMnepaType MeHb~ett,.ieM 85°C He · 

npHBO.n;HT K noJIHoit ,n;ecop6n;HH pa~TBOIJHTeJIH, ,'I;o CHIDK~eT H36Hp~TeJil>HOCTb .. · : 

TpaB~eHIIJI .. TepMoo6pa6onm IIpH TeMITepaType 6om,~eit, q~M 105°C HpHBO-\ , 

·. ,lJ;HT K KOJIJiancy TpeKOB; qTQ :npoJIBJIHeTCJI B CHIDKeHHH IIX CKOpOCTII TpaBJieHHJI . 
. . . I . •. .. • . • . •. . ' • 

(pHc.2). CJie,n;yeT· OTMeTHTI,,'qTQ CKO_pOCTI, y,n;aJieHHJI paCTBOpHTeJUI 3aBHCIIT OT 

· lleJIH'IBHfil ero OTHOCHTeJII,HOH JieTyqecrn: 'Ilo3TOMY.HCIIOJTh30BaHH~ Jlll.CTBOplfre-

. Jie:fi ~.IaJIOJieTyqHX II Tpy;n;HOJieTytJHX He.lReJiaTeJII,HO, IIOq<OJil>KY 3TO 3Ha~HTeJII,HO . ,-: ' 
..., . yBeJIH~BaeT BpeMJI TepMoo6pa.6oTRH. .. . . 

"IlpoBe,n;eH~e'iepMoo6p~6oTKH CeHCH6HJIH31IpOBaHHnIX B pacTBopHTeJie rrn 
nJieHoK6ea npe,n;BapHT;Jil>Hoit cymKu Bfil3nIB~eT KOJIJianc TpeRoB. 8To, no-BH.n;H~ ._ 

MOMY, CBJI3aHo c TeM, qTo pacTBOpHTeJII, Hey;n;aJieHH~it ~3 30Hfil TpeK<)-; npH 

· • 6nicTpoit ,n;ecop6n;HH, -npoIIcxo,lJ;Jlm;eii: npH noBnI~emm :reMnepaTypnI, B.hI3LIBaeT • 

cx.rronnIBaHHe CTemiK Tpeim; B pe3yJThTaTe o6paayromHecJI MeM6paHi.r JIH6~ He 

IIMCIOT ciB03HfilX nop, JIH6o ccpop~Hp<>BaHHI,Ie nopnI-~il:eIOT 3HaqHTeJII,H}'IO KOHy

CHOCTL (Ta6~.2). CKa3aHHoe noaBoJIHeT aaKJIIOqHTl> · o ·Heo6xo,zurMocin BBe,n;eHHJI 

CTa,n;HH CYIIIKH IIOCJie o6pa6oTKH B pacTBopHTeJie. TaKHM o6pa3oM, IIOBnIIIIe

HHe H36HpaTem.Ho~Tn TpaJJieHHJI TpeKoB B n<>J~1mponHJI()He npH ceHcH6HJIH3a" 

D;IIII paCTBOPHTeJieM ,lJ;OCTHraeTCJJ: JIHIIII, B TOM. ceyqae,ecJIH BfilIIO.inIJIIOTCJI TpH 

CTa,Z:UIH B cJie,n;y10m:eit IlQCJie.z:i;oBaTefilHOCTH: o6pa60TKa B pa~TBOpHTeJie,cyIIIRa 
' ' . . . ; - . ' . ,_( '. ' . - . 

II TepMoo6pa6oTKa •. CyIIIKY IlOJIHMepa IIOCJie.o6pa6oTKII paCTBOpHTeJieM Heo6- \ 
- • ' s , ,, ' • • • • '. • \, 

·\ 
8 .. , 

\ 

', I 

XO,n;HMO npoBO,lJ;IITI, B .i-rnrKHx ycJIOBHJIX, a HMeHHO. npH: Te.i-mepaType He BnIIIIe 

40°C, H6o :ii. npOTIIBH01f q:ryqae npoHCXO,lJ;HT ROJIJianc Tp'e~oB;, B ,n;am,HeitII1ei.1 

Bee 3KcnepHMeHThl no c'eHrn6HJIH3a~HII pacTB~p~±eJieM BKJIIQq~JIHC-Tcl.,lJ;HIO cy-

Iiiim o6p;3D;OB npH Ko{1HaTHOH Te.i-mepaTypeB T~qeHH~ 5-10 MHH. ' . 

Ta6nm~a 2: BJIHJIHHe.BBe,n;eHHn: CT~,lJ;HH BnicyhrHBaHHJI o6paan;oB 1111-nJie-:, 

· HOK;.o6JiyqeHHnIX H~HaMi iceHoHa•(nJI~THocTb nop 107 cM-2), ' 

IlOCJie o6pa60TKII ·:a pa.CTDOpHTeJie_Ha CTpyKTypy o6paayromn:x
CJI MeM6paii_ · · .· · ·. · ·- · · .· ,. · 

BpeMJI o6pa-, /BpeMJI B~-- Tomn;H- r:a30IIpOHH~ 3cpcpeRTHB-

pHTeJib \ 6oTRH B pac-~ cyumaa1m11, Ha MeM- ~aeMOCTb iILil! J.Ula-
,TBOpHTeJie, IJ{oM· 6pa11L1 IIpH . ·: : · MeTp rrop . I ' • 

•'.";:/ROM {MHI!) {MiZi.!) tlP,:,,0.16 ~r (MRM) 
---- I, I 

• (MHH) (Mn/MHH) 

9.6. 0 . CRB63HhlX 

_ .. rrop:neT • 

_../ I rerrTaH I 5 ' 
. , He:!1?0H3·, I 

I 
10 10.0 0 '· CmiojHLIX 

B0,1\HJlaCb_ - rrop_ HeT ·-
rema11 5 5 I , 10: ,_ ,- 9,9. . , . 42.0 I , 0.34 

--
·yal!r-- He_rrpmi3-

CHHpHT ' 5_. BO,IIHJlitCb .. I 15 I - 9.9, I 1:2. 

' 
Yal!T-

CllHpl!T 5 ··· 10 _, I 15 I <9.s· - l -40:0.: ,, 
., ,. 

·. : "IlpHMe_q~HHe: ycJIOBHJI TpaBJieHHJI o6pa3UOB o,uirnai_OBI,Ie. 

·., y cfaHO~JieHHLIH· 
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cnH.n:eTem,cTByeT conrra.n:em1e .n:HaiieTpoB nop 3q>q>eRTHBHoro n Ha nonep~HocTn 
MeM6pam,1 ( oripe.n:eJieHne nocJie.n:Heronpono.n:HJIOCb HJ .n:aHHLIX 3Jie!<TpoHioit Mll
RpdcRoIIHH). IloB'hlllieHlle ll36HpaTeJII,HO~Tll-TpaBJieHll~ TpeROB ii:pHB~.ll:llT Tal{}I{e 
I{ yMe

0

HbIIIeHlllO pa36poca .ll:lla1IeTpOB nop no BeJlllq~~e,.R~I{ B,ll.ll:HO ll3 pll~.4,-q:ro 
noJBOJIJieT noJiyqaTh TpeROBhle MeM6paHhl ~ 6oJiee _o.ziHopo.n:HoiicTpyRTypdii. -

, ,[(naMeTp ~op Ha mrnepXHOCTll Me116p~~-1,I, ce~~ll6llJill3llpO;aHHOH B paCTBO· 
pHTe.rre, M~Hbllie .n:HaMe#a' rr~p :repM'oceHCll6HJ'm3llpOimHHOH ll. ROIITpom,noii 
MeM6paH (.n;Ha~IeTphl .n:nyx. nocJie.D:HllX COBna,ziaroT). s·TO roBOpllT o TOM,'q:ro 
3Ha~eHHe,pc1.n:ii'am,Hoii CKOpOCTll TpaB~eHlUI TpeROB ,Vr B noJIHnporrH~e~e npll 
ceHcll6H.irn3aUllll pacniopHTeJieM Hll}I{e .. BoJiee Hll3RaJI ci<OpOCTI, :rpaBJieHlUI n\1·, , 
JillMepa Vb Ha6JIIO.D:cleTCJI B CJiyqa_e 06pa60T1IB paCTBOpHTeJieM IlpHqeM, !3eJlll-, 
qllHa. vb cyIU~CTBeHHO :3~BllCllT OT BpeM~HH TepMoo6pa6oTRll, qTQ Bhl3hlBaeT 

· llJMeHemie TOJIIUHHhl MeM?paHhl (pHc.3). BhlJBaHo 3TO .yneJIH"leHHeM .cTeneHll 
RpllCTaJIJillqHOCTll noiHnponHJie1rn, qT(i MpmeT 6hlTI, ofrhJICHeHo'cJie.n:yIOIUllM.' B 
[11] noRaJaHo, qTi> Hapii,dy C

0

npo.n:y:[{TaMll pa.n:HOJill3a ll3 o6JiyqeH~Oro yc:iwp~H
HhlMll llOH~Mll II3T<I> 3RCTparirpyIOTCJI ll Hll3ROMOJICRyJIJipHhle npo.n:yRThl no~ , 
JlllR(lH.D:e'Hcaullll ' ( ()JIHrO¥epni)'. , , IlocJI~.!1:HllH

0

, BhlBO.ll: cornacycTCJI: C, 'i:ieJYJibTaTaMil 
' ' \ • ; ' ._ '' . , ✓• • . . " 'f I 

.n:pyrnx aBTopcm [14, 15]; llCCJie.n:onaBIIIllX BOJ~eiiCTBlle pacTBop:iiTeJieii Ha noJill· 
• Mepk. Y.n:aJieHHe OJillroMepoB, .'o6pafriciuiµx aMop4>Hue o6JiaCTII B noJill'MepHhl~ 

MaT~pllaJiaX, :ll BJie.:ie:r 3a co6oii noBhlIIIeHHe CTeneHll RJ>llCTa.ITJillqHocni:: : 
'YMett:bIIIeHll~ Vr, H~6JIIO.n:ae?,Ioe ~ ciyqae ceHtll6llJill3aUllll pa~TBOpHTeJieMi 

,'Ta:Kme. np~BO.D:HT I{ noB~llieHlllO_ll36HpaTeJi1,HOCTll TpanJieHllJI. Ta~M o6pa30M, 
, noimmeHHe ll36ipaTeJiblIOCTll, TpaBJieHllJI Tp~ROB .~ noJIHilp~nllJieHe, ceHcll6IIJIII· 

3HpoBaHHOM ,B, pacT~~pHTeJie,· ~npe.hemr'eMaJI o:ri'iomeHllC?-1: Vi./ Vr, .n:ocm:raeTCJI 
He'TOJihRO yneJIHqe,HHeM · npo.n:oJihHOii cRopocTH .TpaBJieHHJI Vt,' Ho ~ yMeHhIIIe· 
Hile~ pa.n:Ha~Hoit CROpOC~ll TpaBJI~HHJI, Yr- . , ,,. 

, l, 

-3ARJIIOt-IEHl1E 
·'-

11:ccJie,nOBaHa CCHCll6llJill3al(llJI TpCROB llOHOB RCCHOHa D _nOJIHnpOilllJICHC ny.: · 
TeM o6pa60TI{ll pacTB~pllT~JIJIMII, pacTBopJIIOIUIIMll np9.n:yRThl·pa,nllOJill3a B 30HC 

, , , , , ', . \ - ', ' , ' , , 

'TpeRa., Haii.n:eH IIIllpOIUiii !(pyr opraHHqecRllX pacTIJopHTeJicii:; BOJ,neii:cTBllC I{O-
TOphlX npiIBO,lUIT I{ ceHCII6llJill3aUllll

0

TpeROB. YcrnHOB,JICHO, 'q_TO nocJic.n:y'iomm,rn, 

Heo6x'o.n:m,i:hlMil CTa.n:HJIMll npouecca JIBJIJIIOTCJI cymRa ll Tep1rno6pa60TRa, npH
MeHJieMhlC, C u;eJibIO y,naJieHllJI a.n:cop6HpriBaHHOro paCTIJOpllTCJUI' ll3 MaTpllUhl IlO· . 
JllIMepa, Bhl3hlBaiomero. ero mi6yxaHlle. )];JUI Rll»<.ll:Oii. ll3. CTa.n:ift onpe,neJicn:hl 
OilTHMaJII,Hhle pe}I{llMJ,I o6pa6oTRH. . , . , . 

', Cnoco6}eHCll6llJill3au;nir pacTIJopn;eJieM npHMCHCH .D:JUI noJiyqeHUJI noJill
np01:i:nJieHO~hlX ::i:peROBhlX • 11eM6paHi ' II01m3aHo, ,fro ;aHn:hln: • MCTO.ll: , ceHCH6ll-

, ' ' '\ • t ' • ' ' 

Jlllaau;nn npnno.n:ni R JHaqnTeJihHOMY non:i.rmeHHIO HJ61ipaTeJihHOcTn TpanJieHllJI 
' .· . , ., ' - . . ' . ' 
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. ! 

' 'J 

;TpeKOB HiHIOB, 'ITO II03BOJIJleT' IIOJiy'IaTb MHKpo<p~JibTpau;HOHmre ITITTM, HMe
·. IOil(He ~HJIBH,l.l;J>H'Iec;KHe rropu c ,IJ;HllM~TpOM Ha 'ypoBHe 0.1-0.2 MKM.' ITpeirny~ 
mecTBO \ pa3pa6oTami:oro' cnoco6a ceHCH6HJIH33.IJ;HH'. 3aKJIIO'!aeTC.II TaRiRe n TOM; : " 

tITO rr~eyqaeMble MeM6paHI,I 'o6Jia,u;aIOT 'MeHbIIIHM ~a36pocOM ;:ira1mrpon rrop ITO 
BeJIH'IHHe, TO eCTb 60.rree BLICOKO_M o.u;~opo.u;HOCTbIO.:. ,.; 

~ ' I ' : - ', • '. J - , •. l . ,. I~ '"• ', . · • • ' •, . • /, ; t• ;. .. . !• 

ABTopLI 6Jiaro.u;apJIT 0.-JI.OpenoBH'Ia H H:B.RHHHY 3a rroMomL; B 3KcrrepH~., 
• ; ; ', _., ·• -~ ., .. , ,_. ..• • • I• • I : \,: ,: .. , , . - : : •· ; . ·_, ,, ' ' - - ., 
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