
OT3hiB 

Ocp11U11aJlhHOfO OTITIOHeHTa H.a }l,HCCepTaUHOHHYJO pa6oTy 

A n oxHHOH T a TbSIHhi CepreeBHhi 

«C0 3.l1,atme QCJIJI IOJI03HbiX MCM6paH .llJI SI UpOUCCCa HanolJlHJlbT paQHII B a npOT OHHbiX 

paCTBOpHTCJISIX», 

npe}l,CTaBJieHHYIO Ha C011CI<aHI1C Y4CHOH CTCTICHI1 KaH}l,H}l,aTa X11MJ1l·!CCKI1X HayK 

TIO CTICUI1aJlbHOCTI1 05.17.18 - MeM6paHb! 11 MCM6paHHa51 TCXHOJ!Ofl151 

,[(11ccepTaU110HHa51 pa6oTa AHOXHHOH T.C. nocB51IUeHa nony'-leHHJO 611opaJnaraeMb!X 

XI1MHl.JeCKI1 YCTOH411Bb!X HaHOcpHIIbTpaUHOHHblX MCM6paH Ha OCHOBC UeJIJifOJI03bl 113 "3eJieHbiX" 

paCTBOp11TeJieH N-MeTI1JIMop¢oni1H-N-oKcH}l,a 11Jll1 110HHbl X )KH}l,KOCTeH . c 

6apoMeM6paHHblM11 npoueccaMI1, n p 11MeH51 eMbiMI1 B BO}l,OTIO}l,fOTOBKe, H.a"411Ha51 C 90- X fO}l,OB 

60JibWOH 11HTepec CTaJI Bbi3biBaTh npouecc Ha!-IOcp11JibTpaU1111 opraHI1"4eCKI1X cpe}l, (H<l>QC), TaK KaK 

OTC;.'TCTBHe cpa30Bb!X nepeXO}l,OB CYI..UCCTBCHHO CHmi<aeT :mepreTI14eCKHC 3aTpaThl H CTOHMOCTb 

nepepa60TI<H OpraH 114eCI<HX paCTBOp11TCJICH. f1o}l,60p MaTepHana MeM6paH bl 51BJI51eTC51 I<Jlf0"4eBOH 

3a}l,a"4eH }l,JI51 ycnewHOH pean113aurm H<DOC, Tai< I<aK OH s nepsyJO Ot.IepeJl.h }l,OmKeH 6hiTh XHMHLJCCKH 

11 MexaHH"4eCKH cTa611neH B cpHIIhTpyeMhJX opraHH"4eCI<HX cpe}l,ax. 0Jl.I1H 113 no}l,XOJl.OB no yny"4weHI1IO 

Ka4CCTBa npouecca J-I<l>QC 3aKJIJ04aeTC51 B HCTIOJlb30BaHI111 XHMH4eCKH HJIH TepM11l.JCCKI1 CWHThlX 

CI1HTCTHl.JeCKI1X nOJIHMepHhrx MeM6paH. Ho yxy}l,weHHe 3KOJIOrHH, a BMecTe c TeM y)KecTol.JeHI1e 

HOpM npHpO}l,OTIOJlb30BaHI151 TIO}l,TaJIKHBaiDT K TIOHCKY aJlbTCpHaTHBI-!biX pewel-!HH, TaK KaK C!llHTbiC 

CH I-!TCTHl.JCCKHC TIOJIHMepHble MaTepHaJibl 51BJI51IOTC51 6110I-!Cpa3JiaraeMb!MH. 

B CB51311 c 3THM mmzya!l bliOCmb pa6ombl AHOXI1HOH T.C. 3aKJIJOl.IaeTC51 s np11MeHeHHH 

np11p0Jl.H0f0 6HOpa3JiaraeMOfO TIOJII1Mep a uenJIJOJI03hi s Ka4eCTBe MaTepHana Jl.JI51 

fnaBHbiM npeHMyiUeCTBOM l{CJIJIJOJI03hl 51BJI51eTC51 ee 

HepaCTBOpHMOCTb B Tpa}l,HUHOHHblX OpraHI14eCKI1X p aCTBOp11TeJI51X, B TOM '-lHCJie anpOTOHHblX. 

MeM6paHbl I-Ja ocHose Itenmono3bl Jl.JI51 n p oueccos raJopa3Jl.eJieHH51 , nepsanopaLll111 11 

l " " N ynhTpaoi1JibTpaUH11 nony"4aJ-oT 113 ee pacTBopon n Tai<HX 3eJieHhl X paCTsopHTCJI51X , KaK -

MCTHJIMOpcj)OJIHH-N-oKCH}l, (MMQ) 11JIH HOHHblX )J<HLJ:KOCT51X. MeTOLI:11K TIO pa3pa60TKC 

HaHOCp11IIbTpaUHOHHblX MeM6paH 111 paCTBOpOB UeJIJllOJI03bl B LJ:aHHblX paCTBOpHTeJI51X Ha LJ:aHHbiH 

MOMCI!T HC CyJ..UeCTByeT. 

L(eJlb/0 ouccepmaL{UOHIWU pa6ombl AHOXHHOH T.C. 51BJI51JIOCb 11CCJIC}l,OBaHI1e B03MO)KHOCTH 

noJiyt.£CHH51 HaHOcpHIIhTpaUHOHHhiX MeM6p aH 113 UeJIJIJOJI03b! paCTBOpHbiM MeTOLJ:OM C 

11CTIOJlb30BaHHeM "3eJieHbi X" p aCTsopHTenei1 - HOHI!biX )K11Jl.KOCTei1 11JIH MMO- Jl.JI51 npouecca 



Bbi)leneHI1~ uenesbrx KOMnOI-Ier-rTOB H3 nomrpHbiX anpoTOHI-IbiX pacTBOpHTeneii. Ee BhmonHeHHe 

npoBO.ll11JlOCb B paMKax pewe1-111~ LJeTKO noCTasneHHbiX asTopoM JaOa'-1, BKJifOYalOUJ,HX pa3pa6oTKY 11 

11CCJle)lOBaHHe BJlH5rHH~ YCJlOBHH CpOpMOBaHH~ UeJ1JlfOJ103HbiX MeM6paH Ha HX TpaHCilOpTI-Ibie 

XapaKTep11CTHKH B npouecce Bbl)leJlei-111~ ueneBblX KOMilOI-IeHTOB 113 anpOTOHHbiX paCTBOpHTeJleH, a 

TaK)Ke Bbi~BJleHI1e 3aKOHOMepHOCTeH TpaHCilOpTa cp11JlbTpyeMblX cpe,ll 11 rnaHMO)leHCTBH~ 

KOMilOHei-ITOB pa3,lleJl~eMOH CMeCI1 C MeM6pai-IHbiM MaTep11aJlOM. 

Hay'-IHaJl U npaKmU'-IeCKQfl 31-lG'-IUMOCmb He Bbi3hiBafOT COMHeHI1H 11 COOTBeTCTBYfOT aKTYaJlbHbiM 

MHpOBhiM 11CCJle)lOBaHH~M. BnepBbie 6hiJl11 pa3pa6oTaHhl 6110pa3naraeMbJe MeM6paHbl Ha OCHOBe 

uenmono3bi 113 ee paCTsopos B MMO 11 110HHOM )KI1.llKOCTI1 1-3THJl-3-MeTI1Jl11MH.lla30JlH~ aueTaT 

[Emim)Ac )lJl~ BbJ)leJleHH~ paCTBOpeHHbiX KOMilOHeHTOB 113 anpOTOHHbiX paCTBOpHTeJieH, KOTOpb!e 

npO,lleMOHCTpHpOBaJ111 npOH11UaeMOCTb no llOJl~pHOMY anpOTOHHOMY paCTBOp11Temo 

.lli1MeT11JlCp0pMaM11.llY (}J,M<DA) 0,5 Kr/ (M
2 

4 aTM) H K03CpqmUHeHT 3a.Uep)KHBaHH~ paCTBOpeHHOfO 

sew,ecTBa c MM= 626 r i MOJlh 90%, YTO conocTaBI1MO c TpaHcnopTHbiMH 11 pa3.UeJTI1TeJlbHbiMH 

xapaKTep11CTHKaMH KOMMepYeCK11X ll0JlH11MI1)li-IbiX MeM6paH (Matrimide) H MeM6paH Ha OCHOBe 

CWHTOfO llOJlH3cpHp3cpHpKeTOHa (f133K). 

)J,I1CCepTaU110HHa~ pa6oTa COCTOI1T 113 BBe)lei-111~, 3 fJlaB OCHOBHOfO TeKCTa (J111TepaTypHbiH 

0630p, 3KCilepHMeHTaJlbHa51 YaCTb, pe3yJlbT3Tbl 11 06Cy)K)leHHe), BbiBO.llOB 11 Clli1CKa UI1T11pyeMblX 

Jli1TepaTypHbiX HCTOLJHHKOB, BKJllOLJafOw,ero 320 Hai1MeHOBaHHH. MaTepHan )lHccepTaUHH H3JlO)KeH Ha 

142 CTpaHHUaX, CO,llep)KHT 25 Ta6JlHU H 46 pHCYHKOB. 

JI,ocmoaepJ-/OCmb 3KCnepHMeHTaJlbHbiX pe3ynbTaTOB nO.UTBep)J<)laeTc~ cornacosaHHOCTbfO 

)laHHbiX, llOJl)"-leHHb!X C HCil0Jlb30BaHHeM pa3JlH4HhiX MeTO)lOB HCCJle)lOBaHH~. 

Cpe.uH HaH6onee Ba)J<HhiX HGY'-IJibZX pe3yJtbmamoa, nonyYeHHhrx ABTopoM .UHccepTaUH11, 

cne.uyeT OTMeTI1Tb: 

- Bnepsbre nonyYeHbi na6opaTopHbie o6pa3Ubi ycTOHLJHBhiX B anpoTOHHbiX pacTBOpHTen~x 

6HOpa3naraeMhiX HaHOcpHJibTpaUHOHI:-IbiX MeM6paH Ha OCHOBe UeJ1J110Jl03bl, CQ)OpMOBaHHbie MeTO)lOM 

cpa3osoro paccnoeHH~ 113 pacTBopos B MMO HJlH B HOHHhiX )l<H.llKOCT~x c I<o3cpcpHUHeHTOM 

3a,llep)KI1Bai:-IH~ aHI10HHOfO MapKepa C MOJler<yn~pHOH MaCCOH 626 r / MOJlb 80 - 90 o/o 11 

npOHHUaeMOCTbfO IlOJl~pHblX anpOTOHHblX paCTBOpHTeJleH 0,5-0 ,7 Kr/ (M
2 

4 aTM), 4TO COilOCTaRHMO C 

TpallCilOpTI-IbiMH xapaKTepHCTHKaMI1 KOMMepLJeCI<HX IlOJlHHMH)lHblX MeM6paH H MeM6paH Ha OCHOBe 

ll0Jl113Qmp3CpHpKeTOHa. 

- YcTaHosneHO, LJTO .un~ 3cpcpeKTHBHoro HaHocp11JlbTpauHOHHoro Bbi)leneHH~ pacTsopeHHbiX 

KOMilOHeHTOB C HCilOJlb30BaHHeM UeJ1JlfOJl03HblX MeM6paH CTeneHb Ha6yxaHH~ MeM6paHHOf0 



MaTep11aria B Cpe)],e Ql11J1bTpyeMbiX paCTBOp11TeneH )],OmKHa 6biTb Bblllle 75%, a K03QlQl11.U11eHT 

pacnpe)].erreHI151 paCTBOpeiii-IbiX KOMnOHeHTOB MeHbUle 1; 

- HaH)],eHO, '-ITO Kp11CTariJ111LJeCKa51 CTpyKTypa HaHOQl11J1bTpaU110HHbiX MeM6paH Ha OCHOBe 

uenmon03bi, nonyqeHHbiX 113 ee paCTBOpOB B CMeCH [Emim]Ac/.[(MCQ, cpopM11pyeTC51 TOJ1bKO B 

CJiyLJae 11CTIOJ1b30BaH1151 B KaLJeCTBe OCa)],I1TeJ151 - BO)],bl 111111 BO)],HbiX paCTBOpOB; 

- Pa3pa6oTaHbi cxeMbi cppaKU110H11poBaH1151 pacTsopeHHbiX KOMnoHeHTOB 113 non5IpHbiX 

anpOTOHHbiX paCTBOp11Tenetf C llpH.MeHeHI1eM M11KpOCp11J1bTpaU110HHbiX llMfl MeM6paH 11 

HaHOcp11rrbTpBU110HHbiX UeJ1nJOJ103HbiX MeM6paH. 

Pa6oTa npomna Heo6xo)].I1MYI-O anpo6wrwo. Dbrna npe)].CTasneHa Ha 12 scepocc11i1cK11X 11 

Me)l{)],yHapOj],HblX KOHcpepeHU115IX. flo MaTep11ariaM )],11CCepTaU1111 6bin11 ony6JJI1KOBaHbl 6 CTaTeH B 

peueH311pyeMbiX HayLJHbiX 113)].aH115IX. ABTopecpepaT )].11ccepTaU1111 11 ony6nHKOBaHI-Ibie pa6oTbi 

nOJ1HOCTbfO OTpa)KalOT OCHOBHOe CO)],ep)KaHH.e pa60Tbl. 

ABTOp )],11CCepTaU1111 npoBeJI 60JibLUYIO HayLJHYI-0 pa6oTy, BKJ1lO'-IafOLUYlO KaK onpe)].eneHI1e 

ueneJ;i 11 3a)],aY, aHarii13 J111TepaTypHblX )],aHHblX, a TaJOI<e BeCb 06beM 3KCTiep11MeHTaribHbiX 

11CCJ1e)],OBaHI1H 11 11HTepnpeTaU1111 TeM CBMblM llp05IBI1B ce651 KaK 

BbiCOKOKBanH<}l11U11posaHHbiH 11ccne)].oBaTenb. Pe3ynbTaTbi pa60Tbl HecoMHeHHO 11MeroT 6onbllloe 

3HaLJeHI1e )],J151 pa3BI1TI151 MeM6paHHOH TeXHOJ10fl111 KaK C cpyH)].aMeHTailbHOH, TaK 11 C np11KJ1a)],HOH 

TOYKI1 3peHI151. 

flpu npo'-lmell'UU ouccepma4UU G031/UJ-.:aem p5l0 GOnpocoe U 3GMe'-lGI-IUU: 

1. Ha p11cyHKe 3.14, 3.16 11 3.21 113 Bcex nonyYeHHbiX pe3yrrbTaTOB TpaHcnopTHbiX 11 

pa3)].enwrenbHbiX CBOHCTB uenmono3HbiX MeM6paH Bbma)],aiOT 3Hal:feHH51 npoHI1uaeMOCTI1 11 

K03Cpcp11UHeHTa 3a)].ep)J<HBBHI151 MeM6paH, OCa)l<)],eHHbiX B MeTaHOJle. C YeM 3TO MQ)KeT 6biTb CB513aHO'? 

2. XoTenocb 6br y3HaTb J111TepaTypHbiH HCTOYHHK 113 KOToporo 6pan11 onpe)].eneHI151 11 

ypaBHe!-11151 )],JI51 pacLJeTa cop6u1111 11 cTeneHI1 Ha6yxaHI151. 0TKy)].a B03HI1KaeT TaKoe )].eneHI1e (Ha 

cop6U1110 11 CTerreHb Ha6yxaHH51)? 8 cnyLJae MeM6paH Ha OCHOBe TIOJ111MepOB, KaK npaBI1J10, )],OJI)J<eH 

6biTb 11CTIOJ1b30BaH TepMHH «CTeneHb Ha6yxaHJ151)) 3a 11CKJ1IOYeHI1eM cnyYa51 OTII1CaHI151 MeXaHI13Ma 

« paCTBOpeHI1e-)],11cpcpy31151» 11 )],eCop6Ul10HHbiX Kp11Bb!X. 

3. KaK 113YLJMI1Cb yrnbl cMaLJHBBHI151 BO)],OH )],JI51 TI3T<D nneHoK? DbJJlH 3TO nopHCTbie HJII1 

HenopHCTbJe MeM6paH&r? KaKoH MeTO)], 6&In 11CTIOJib30BaH )].1151 11x onpe)].erreHI151? B 

3Kcnep11MeHTanbHOH '-!aCTH on11caH11e )],BHr-wro MeTo)],a oTcyTCTByeT. KaKOH yron cMaYHBal-11151 BO)].OH 

y ceJieKTI1BHOrO CJ1051 l-IB OCJ-IOBe uenmOJ103bJ? flpH HX COTIOCTaBJ1el-111H MO)J<HO J111 C)],erraTb BbiBO)], 0 

nyLiweH 11Jll1 xy)],WCH a)],re3Hl1 Me)I<}].y llOJ111MepHbiMH CJ105IMH B KOMn03HU110HliOH MeM6paHe? 



4. Dp11 onHcaHHH C3M MHKpocpoTorpaqmi1 (p11c. 3.13) asTop rosopHT o 

«MHKporeTeporeHHOCTH» IlOBepXHOCTH CKOJ1a. t.ITo HMeeTC5I BBHLJ:y? 

5. B Ta6nHue 3. 7. npe.ucTasneHbi nl3oTpaHcnopTHbie xapai<TepHCTHKH KOMIT03HUHOHHbiX 

MeM6pai-I Ha nomnqmpHOH no.uno)KKe. MeM6paHbi H3 12% pacTsopos o6na.natoT ceneKTHBHOCThlO K 

MaJ1bJM fa30Bb!M MOJleKyJJaM, HO nJJOXO 3a,llep)KHBaJOT 60JlbWYfO MOJleKyny peMa30Jla B npouecce 

HaHocpHilbTpau,l1H. C YeM 3TO MmKeT 6biTb CB5I3aHo? Be.llb, KaK npaBHno, nopbi cxnonhiBaJOTC51 11 

6onhwe He pacKpb1BaJOTC51 B npouecce HaHoqmnbTpaUHH y npe.usapHTeJlbHO BbrcyweHHhTX 11 He 

11MnperHHpOBaHHblX MeM6paH. 

6. B .D:HccepTaUHH 11 aBTopecpepaTe npHcyTCTBYfOT oneYaTKH. B .llHCcepTaU11H 

npHCYTCTBYIOT rpaMMaTHYeCr<He H CTHJIHCTHYeCKHe OWH6KH, BKJ1f0Ya5I Ha3BaHH51 IlO.llpa3,lleJlOB H 

Ta6JlHU; BCTaBJ!eHa CCbiJlKa He Ha TOT pHCYHOK (pHC. 3.5); Ba)!<HhTe pHCYHI<H, CO,llep)Kall.lHe UBeTHble 

HJlJ110CTpaUHH (pH C. 3.4-3 .6) npe,llCTaBJieHbl B YepH0-6eJ10M BH,lle. He HCnOJ1b3YJOTC51 CK06KH B 

3HaMeHaTeJ1e .llJ151 pa3MepHOCTH npOHHUaeMOCTH. 

3aMeYaHH51 K pa6oTe He BJ1H5IIDT Ha 06ll.lYJO Il0JlQ)KHTeJ1bHYJO OUeHKY .llHCCepTaUHOHHOH 

pa6oTbJ. Dpe.uCTasneHHa51 T.C. AHOXHHOH pa6oTa 51BJI51eTc51 aKTYMbHOH no TeMe, 3aKOHYeHHOH no 

xapat<Tepy HCCJ1e,llOBaHHH B paMI<aX IlOCTaBJleHHbiX 3a,llaY 11 BbinOJlHeHHOH Ha BblCOKOM HayYHOM 

yposHe. 3Kcrrep!1MeHTaJJbHbiH MaTepHan npe.uCTaBJ15IeTC5I .uocTosepHbiM 11 op11rHHaJJhHhiM. no.uxo.uhr 

K peWeHHIO nocTaBJleHHbiX B .llHCCepTaUHH 3a,lla'-J XOpOWO npO.llyMaHbi. l1HTepnpeTaUI151 pe3yJlbTaTOB 

C,lleJlaHa Ha OCHOBe COBpeMeHHblX Hay'-JHblX npe,llCTaBJ1eH!1H B ccpepe HCCJle,llOBal-11151 MeM6paHHb!X 

npoueccos. HenpasoMepHbiX 3aHMCTBOBaHHH B pa6oTe He Bbi5JBJ1eHo. 

)1,11ccepTaUHOHHa51 pa6oTa «C03.llaHI1e uennfOJ103HbiX MeM6pm-r .llJ15l rrpouecca HaHocpHnhTpaul1H 

B anpOTOHI-IbiX paCTBOpHTeJ15IX» no 06beMy, aKTYaJJbHOCTH, HayYHOH HOBI13He H npaKTHYeCKOH 

3HaYHMOCTH OTBeYaeT seeM Tpe6oBaHH51M nn . 9-14 nono)!(eHH51 BAK P<D «0 nop5I.llKe np11CY)K.lleHH51 

yYeHbiX CTerreHeH (DocTaHOBJ1eHI1e npa13!1TeJ1bCTBa PcD OT 24 ceHT516p51 2013 r. NQ 842 B pe.uaKUHH 

21.04.2016 rr.)», a ee asTop - AHOXHHa TaTh51Ha CepreeBI-Ia - 3acJly)KHBaeT np11cy)!<.lleHHe yYeHoi1 

CTeneHH KaH.llH,llaTa XHMHYeCKHX nayK no CITeUHaJJbHOCTH 05.17.18 «MeM6paHbl H MeM6paHHa51 

TeXHOJl0fH5I». 
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