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"MoaudikoBani mojiMmepHi MeMOpaHH i3 3a1aHEMH PYHKIIOHAJIbHUMH
BJIACTHBOCTSAAIMH'"', IPe/ICTABJIEHY HA 3100YTTsl HAYKOBOI'O CTYIEHs
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05.17.06 - TexHoJ10risI MOJIMEPHHUX | KOMIO3HLIHUX MaTepiajiB

OHUM 13 HaO1IBII BXKMBAHUX Ta CYYaCHUX METOJIB OUHMIIEHHS BOJU BiJ Pi3HUX
3a0py/IHIOBaYiB € BHUKOPHCTaHHST MeMmOpaH. Tak, MeMmMOpaHHI TEXHOJOTIl TIMPOKO
BUKOPUCTOBYIOTBCSL /Il ONpPICHEHHA MOPCHKOI BOJM, BHMIAJCHHS IIKIiITHBHX
MIKpOOpPTaHi3MiB, KOJOITHUX YaCTHHOK Ta HOHIB BaKKMX METAJIiB, 1 IO Ty’KE€ Ba)KJIHUBO
JUIsl OJIepKAHHS TUTHOT BOJIH.

[leperara memOpaHHMX mporneciB (UIBTPYBaHHsI IIOJSITA€ B TOMY, IO BOHHU
NPALIOIOTh Y Pi3HUX pekuMax (Oe3rnepepBHUX ad0 MEPiOJMYHUX), CIIOKUBAIOTh 3HAYHO
MEHIIIE €Heprii, HDK TpaJulliifHI TMPOIECH PO3JAUIEHHA, HE 3MIHIOTh XIMIYHY
CTPYKTYPY PO3JIUTIOBAHUX MOJIEKYJ, JIETKO IHTEIrPYIOThCS B OYyIi-sKl PO3ALUTIOBANIBHI
arperaTty yepe3 MOJIyJIbHY MPUPOJIY 1| KOMIIAKTHUI pO3Mip MEMOpPaAaHHHUX YCTaHOBOK.

Jlucepraniiina podora Bakymok I1.B. "MoaudikoBani nmoniMepHi MmemOpaHu 13
3aaHUMH (PYHKITIOHAIbHUMHU BJIACTHBOCTAMH" NPHUCBSYEHA PO3POOJICHHIO TEXHOJOTIi
oJlep:kaHHA MOIU(IKOBAaHUX MOJMIMEpPHUX MeMOpaH i3 3aJlaHUMHU (PyHKIIOHAIBHHUMHU Ta
NOKpPAIIeHUMHU  CENeKTUBHHUMHM 1  aHTHOAaKTepialbHUMHU  BJIACTHBOCTSAMHU 3
BUKOPHUCTAHHSM  IIJIOTO  KOMIUIEKCY  HOBHX  TEXHOJOTIYHO  OOIPYHTOBaHHMX
MOIU(IKyBAIbHUX PEUOBMH-AOMATKIB B  (OPMYyBaJbHHUX pO3UYMHAX, a TaKOXK
MIOBEPXHEBOT0 MOJIU(IKYBaHHS IOJTIMEPHUX MeMOpaH 3a JOIMOMOTOK IPUILEIUICHHS
(YHKIIOHAJTLHUX MOHOMEPIB, TOJIMEpPaHAJIOTIYHUX TIEPETBOPEHbh Ta IMMOOLTI3arii
O101IMAHMX PEYOBHH.

TakuM uyMHOM, JOCHIJDKEHHA 1 TMOAAIBINI KPOKM CTOCOBHO MOJU(IKyBaHHS
MeMOpaH, $KI J03BOJIAIOTH BIUIMBATH Ha €(QEKTUBHICTh iX (DI3UKO-XIMIYHUX 1

EKCIUTyaTalllfHUX XapaKTepUCTHK B TIporiecax (UIBTPYBaHHA, a came: TiapodiIbHICTh



2

MIOBEPXHI, BY3bKHI1 pO3MOJILI TIOP 3a pO3MipaMH, BUCOKa BOJOIIPOHUKHICTH (200 MHUTOMA
NPOJYKTUBHICTH), BUCOK] 3HAYEHHSI KOe(II[ieHTa 3aTPUMKH PEUOBUH MEMOPAHOIO, XIMIYHA
CTIMKICTb JIO JIii cepe/IoOBHINA, MEXaHIYHA MIIHICTh, BIACYTHICTH BHHOCY MaTepiaiy
MeMOpaHu y ¢uIbTpaT, € 0e3nepeyHo BeIbMH AKTYAJbLHHM HANpPSMOM, MOBS3aHUM 3
MeMOpaHHHUMH MPOLIECAMHU 1 TEXHOJIOTIAMH.

[IpencraBiena jaucepramiiiHa pobora Oyna BuUKOHaHa Ha Kadeapi Ximil
Hanionansaoro yHiBepeutety “KueBo-MorunsiHchKa akajieMis’” B paMKax HAyKOBHX TEM:
,P03po0Ka TEXHOJIOTif OTpUMaHHA TMOJIMEpPHMX MaTepiadiB Ta MemOpaH 3
OakTepiocTaTMUHUMHU  BiacTuBocTsiMu”,  2004-2006 pp. Ne nepxk. peectpaii
0104U000852; rpanty YHTII, npoekt Ne2476 ,,Po3poOka HanmiBNIpOHUKHUX MeMOpaH 3
0aKTepiOCTATMYHOIO €0 JUIS CHCTEM BoaomiaroroBku”; «Po3pobka memOpan 3
IMMOO1TI30BaHUM XiTO3aHOM Ta JIOCHIIKEHHS iX aHTHOaKTepialIbHUX BIacTUBOCTE» No
nepx. peecrpamii  01070U010483; «Po3pobka TexHoJIOTii  OTpUMaHHS HOBHUX
010CYMICHMX TOJIIMEPIB Ta MOJIMEPHUX MeMOpaH sl reMojianizy 1 remodiibTpanii»,
2008-2009 pp., Ne nmepxk. peectpanii 0108U004085; «Po3pobka Ta mociijpKeHHs
MeMOpaH 31 crhemiagbHUMU BiactuBocTamMu», 2005-2007 pp., Ne nepk. peectparii
0105U001621; rpanT HamioHanbHOI HaykoBoi (yHmamii Amepuxu (National Science
Foundation), 2005-2010 pp., USA-Ukraine-France-Russia partnership: «New
Generation Synthetic Membranes — Nanotechnology for Drinking Water Safety»;
«Po3pobka MeToziB i TeXHOJOriH oJepiaHHS HOBUX IOJIIIMEPHHUX HPOTOH-IPOBIIHUX
MeMOpaH juisi naauBHUX eleMeHTiBy, 2007-2008 pp., Ne nepxk. peecrpauii
01070U000974; «Po3podka riapodoOHUX MOPOKHUCTO-BOJIOKOHHUX MeMOpaH yisi
MeMOPaHHOAUCTIIISINIHHUX NPOLECIB BOJOOYUIICHHS Ta BOJOMIIrOTOBKW», 2012 —
2013 pp., Ne nepx. peectpanii 0112U003162; «Po3pobka MeToaiB 0o/iep>KaHHs HOBITHIX
(byHKIIIOHAJILHUX TOJIMEPIB Ta MOJIMEPHUX MeMOpaH yisi noTped BOJIOIIAIOTOBKH Ta
dhapmanii» (2013-2015 pp.).

OcHoBHI 10p0o0KH po0OTH:

byno po3pobineno MemMOpaHH-OCHOBH 1 IpoBeieHa iX Monudikaiis (00’eMHa Ta

noBepxHera). lle moB’sa3aHO 3 TUM, 110 BaXXKO JOCHIMTH CTPYKTYpPHI 3MIHH B TOTOBIM

MeMOpaHHI# TUTIBIN TPH 00’ eMHOMY MOIM(IKYBaHHI 1 HE MOYKIIMBO 00’ €KTUBHO MTOPIBHSITH
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MeMOpaHM, OTpUMaHi B JIADOPAaTOPHUX YMOBaxX Ta B IPOMHUCIIOBOCTI, Ye€pe3 BiJICYTHICTh
iHpopMaIii mpo ckiag Tta yMOBH (DOpMyBaHHS MPOMHUCIOBHX MemOpad. /lo Toro ik,
HAsBHICTb IIJKJIAJKH B IPOMHCIOBMX IOJIMEPHHX MeMOpaHaX BHOCHUTbL IOXUOKY Yy
BUMIPIOBaHHS (DI3UKO-XIMIYHHMX Ta TPAHCIIOPTHUX XapaKTEPUCTUK MEMOpaH.

IIpoBeneno pobGoty 3 jociijuKeHHsS (DI3MKO-XIMIYHMX BJIACTUBOCTEH MeMOpaH,
CTPYKTYpH iX TOBEpXHi i 00’€éMy 1 NMOKa3aHO BIUIMB PI3HUX YMHHHUKIB HA TPAHCIIOPTHI
XapaKTepUCTUKU MaTepiaimy MemOpaH. Po3po0ieHo (piznko-XiMidHi 1 TEXHOJIOTIYHI OCHOBU
OJlepyKaHHS Pi3HMX TUIMIB (DYHKIIIOHATI30BAHUX MOJIMEPHUX MeMOpaH 3 IMiJBUIIEHOIO
CTIMKICTIO 710 OI0KONOiTHOTO 3a0py/IHEHHS 3aBJIIKM 00 €MHOMY 1 TIOBEPXHEBOMY
MOAM(DIKYBaHHIO HOBMMH  HOHOTGHHMMH  (DYHKIIOHAII30BAHUMH  OJIirOMepamMH i
nojgiMepaMu OiocTaTMyHOI Ta OloUMAHOI Jiil. Y 1bOMY TIOJIATa€ HAYKOBAa HOBH3HA
pPO0OTH, OCKUIBKH B IOMNEPEIHIX MOCIIIKEHHSIX TaKoro Mnpoimo 00’€KTOM BHUBYEHHS
OyJM BUKIIIOUHO TPAHCIOPTHI BIIACTHBOCTI.

Po3po0neHo HayKkoBI OCHOBM TEXHOJOT 00’€MHOro Ta IOBEPXHEBOTO
MOIU(DIKYBaHHS TOJNIMEPHHUX MeMOpaH 3a JOINOMOIOK HOBHUX HOHOTE€HHHMX
()YHKI[IOHAJII30BAHUX OJIIrOMEPIB 1 MOJIIMEPIB JJIsi CTBOPEHHS MOJIIMEPHUX MeMOpaH 3
CEJIEKTHBHUM IIOBEPXHEBUM IIAPOM, L0 JIa€ MOXIHUBICTH HAIPABICHO 3MIHIOBATH
(yHKIIIOHAJIBHI BIACTUBOCTI MEMOpaH.

OnepkaHo yJibTpa- Ta MiKpoduIbTpalliiiHi  mosiMepHi  MeMOpaHH-OCHOBH
METO/IOM iHBepcii (a3 i BCTAHOBJICHO BIUIMB KOMIUICKCY (i3MKO-XIMIYHHUX YHHHHKIB
(30kpema, rigpodiibHICTh, 3apsn, pH-dyTiMBICTB, ©0i0- Ta TE€MOCYMICHICTB,
OaKTEpPUITUAHICTE) 1 XIMIYHOI THpUpoad Ta OYyIOBU modiMepy (TOMiaKpUIOHITPHII,
noJiicynb(poH, (uIyopoBMiCHI mMoJiMepH, MoJieTUIeHTepedTasar) Ha Mpolec ix
MOBEPXHEBOTO Ta 00’ €MHOTO MOTU(DIKYBaHHS.

Po3pobieHo ocHOBM TexHOJIOTIi y mpolecax 00’€éMHOro Ta IOBEPXHEBOTO
MOIU(iKyBaHHA MeMOpaH 3a JOMOMOTOK) HOBHMX CHHTE30BAHMX OJiTOMEPHHUX
HOHOTeHHUX CIOJYK JiHiiHOT 1 po3raly’keHoi OyJIOoBU 3 Pi3HUMH (PYHKIIOHATBHUMHU
rpynaMd Ta KOMIUIEKCAMH 3 HOHAMM MeETaliB 1 BCTAHOBJIGHO iX IUIMB Ha
XapaKTepUCTUKU TIOBEPXHI Ta MOpQoJoTiio oaep:kaHux wmemOpaH. BcraHoBieHo

0COOJIMBOCTI BIUIMBY THITY (MOHOTEHHI 1 KOMILJICKCHI CIIOIYKH 3 OJIiTOMEpaMu JIiHiitHOT
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Ta po3rally’)keHoi OynoBH 3 (YHKI[IOHATFHUMH TyaHIJIMHIEBUMH, MipUIUHIEBUMH,
Cynb(paTHUMHU TpYINaMH, OJIroeTep-ryaHiIMHIEBUMU KOMILIEKCAaMU 3 HOHaMU MeETaJliB)
MOIM(IKYBAIILHUX OJITOMEpPIB 1 MOJIMEPIB HA MeXaHI4YH1, TeMI0(i3uuHI BIACTUBOCTI 1
CTPYKTYPHI XapaKTepUCTHKH OJIEPKAHUX TMOJIMEPHUX MeMOpaH, M0 JI03BOJIUIIO
OTPUMATH HOBI yJbTpadinpTpaniiini MemOpaHu 3 ripodili3oBaHOI0 Ta 3apsKEHOIO
NOBEPXHEI0, fAKI 3a0e3MeuyroTh: MIJBUIIEHHS MPOJYKTUBHOCTI 1 CEJIEKTHBHOCTI Yy
npoiecax (PUIBTPYBaHHA pO3UMHIB OUIKIB, TYMIHOBHX KHCJIOT, OapBHHUKIB Ta
HU3bKOMOJIEKYJISIPHHX €JIEKTPOJITIB; a TaKOXK IIOJOBXKEHHS TEepMiHYy eKCILTyaTallii
MeMOpaH 3aBJISIKH 3MEHIIEHHIO X 3a0py/IHEHHS.

BcranopneHo  BIUIMB  XiMIYHOI  OyZJOBM  HMOHOT€HHHMX  HITPOTEHBMICHHX
OJIITOMEPHUX 1 MOJIMEPHUX aHTUOAKTEpiaJbHUX areHTIB MPHUPOIHOTO Ta CHHTECTHYHOIO
NOXO/KEHHSI Ha TPOAYKTUBHICTh, CEIEKTHUBHICTh 1 CTIHKICTH 0 O10KOJIOiTHOTO
3a0py/IHEHHS OTpPUMaHUX MeMOpaH, 10 JI03BOJMIO OJCpPXKAaTH HOBI IOJIIMEPHI
MeMOpaHH 13 3a1aHUMU (YHKIIIOHAJTbHUMH BJIIACTUBOCTSIMH.

Po3pobiieHo TexHoorii ojiepKanHsa HOBUX MOJIMEPHUX MEMOpaH 3 IMiABHIICHOKO
CTIMKICTIO 10 010KOJI0IAHOTO 3a0pyIHEHHS 3a IONOMOT0K 00’€MHOTO Ta MOBEPXHEBOTO
MonudikyBaHHS  MeMOpaH 3  BHUKOPHUCTAHHAM  HOBHUX  THIIB  MOHOTEHHHX
MOIM(iKyBalbHUX areHTIiB 1 BUBUEHO CEJIEKTHBHI Ta ()YHKIIOHAIBHI BJIACTUBOCTI
oJlepaHuX MemOpaH. 3a pe3yJibTaTaMH JIOCHIIJKEHb CTBOPEHO HHM3KY HOBHUX
(yHKIiami30BaHUX MeMOpaH 3 MIMPOKUM J1alla30HOM BJIIACTHUBOCTEH Ta YAOCKOHAJIEHO
TEXHOJIOTIUHI TPOLECH OJiepKaHHsl TiIPOoPUIBHUX, 3apsyDKEHUX 1 OaKTepHITMIHUX
NOJIMEPHUX MeMOpaH Juls NiJBUINEHHS e(EeKTHBHOCTI iX BMKOPUCTAHHS y IIpoLecax
BOJIOMIITOTOBKH, KOHIIEHTPYBAHHS Ta PO3JJICHHS PEUYOBHH Pi3HOT IPUPO/IH.

IMpakTnunmuii iHTepec 1aHOi pOGOTH TONISTAE B TOMY, 1110 HA OCHOBI OTPUMAaHUX
pesyibTariB  0ysl0  po3poOJIeHO TEXHOJIOTII0  OJIepsKaHHS HHU3KHM  MOJIM(pIKOBAaHMX
HnoJiMepHUX MeMOpaH 3 BUKOPUCTaHHAM 00’€MHOTO 1 MOBEPXHEBOI0 MOIU(IKyBaHHS,
OOTPpYHTOBaHO TEXHOJOTIYHI CTadil TMpOIECiB Ta BCTAHOBJIEHO pallloOHAIbHI
TEXHOJIOTIUHI MapaMeTpu IpoieciB (popmyBaHHsa Ta MoaudikyBaHHs. Po3polieHo
yHIBepCaJbHUII METOJl CTBOPEHHSI HOBUX MOJM(IKOBAHMX MOITIMEPHHUX MeMOpaH, KUt

Hoe/IHy€ B c001 KOMIUIEKC c11oco0iB (popMyBaHHs 1 MOAU(piKyBaHHS MeMOpaH 3 METOIO
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HaJaHHs iM 3a7aHuX (YHKIIOHAJILHUX BJIACTUBOCTEH, 30KpeMa IiIBUIICHHS CTYIEHS
riApodUTEHOCTI, MO3UTUBHOTO YU HETaTMBHOTO 3apsay, aHTHOAKTEpialbHOI aKTMBHOCTI,
a TaKoX 3alpOIOHOBAHO e(EeKTHBHI CHOCOOM pPETyNIOBAaHHS CTPYKTYpHUX i
TPAHCIIOPTHUX BJIACTHBOCTEH oOJIep)KaHUX MeMOpaH. 3anpornoHOBaHI TEXHOJIOT1UHI
pIIICHHS JIO3BOJIAITH Y 2- 4 pa3u 30UIBIIUTH TEPMIiH eKCILTyartallii oTpuMaHuX MeMOpaH,
MOPIBHAHO 3 TPAIUIIMHUMH, IO CHPHUAE 3HAYHOMY CKOHOMIYHOMY €(eKTy BiIl 1X
3acTocyBaHHA. Ha micTaBi oTpuMaHuX pe3yJbTaTiB 0OIPYHTOBAHO TEXHOJOTTYHI cTasil
Ta TEXHOJIOTIYHI MapaMeTpH, a TaKoK PO3pOOJIEHO TEXHOJIOTIYHHMI pEerjiaMeHT 1
BUTOTOBJICHO €KCHEPUMEHTAJbHI TapTii MoAM(]IKOBAaHMX TMOJIMEPHUX YJbTpa- i
MiKpo(diIbTpaniiHUX MeMOpaH, SiKi BiI3HAYAIOTHCA TiAPOQiTi30BaHOI0 1 3apsIKEHOIO
MOBEPXHEI0, 110 JIa€ MOKJIUBICTh MOJIOBKHUTH TPUBAIICTh IXHBOI €KCILTyaTallii 3aBIsSKH
3MEHIICHHI I1XHLOTO O10KOJNOIAHOro 3a0pyAHEHHST 1 BIPOBA/DKEHO BIANOBIJIHY
JAOCTIIHO-CKCIICPUMEHTAILHY ~ YCTAHOBKY Ta  BHKOHAHO  JIOCIIHO-ITPOMHUCIIOBI
BUNPOOYBAHHA TEXHOJIOTII TOOUMIIEHHA CTIYHMX 1 OOOPOTHHUX BOJI 3 BUKOPHUCTaHHSAM
MOIU(IKOBaHUX HOT1aKPUTIOHITPUIBHUX meMOpaH Ha HiIIPUEMCTBI
TOB «HBII «Ykpoprcunres» (M. KuiB). /st BUroTOBNIEHOI eKCniepuMeHTaIBHOT mapTii
MOIM(IKOBAHUX TMOJIMEPHUX YyJbTpa- 1 MiKpoQuIbTpaliiiHux wMeMOpan Oyo
po3po0JEeHO TEXHIYHI YMOBM Ha JOCIITHO-TIPOMUCIIOBY 5 MApPTIK0 BUCOKOE()EKTUBHUX
PYJIOHHUX MeMOpaHHHX €JIeMeHTIB. Pe3ynbTaT MiJOTHUX BHIIPOOYBaHb IMpolieCy
OYMILIEHHS] TTIOBEPXHEBOI BOJIM MOKA3AIH JIONUIBLHICTh OYMILEHHS 1 3HE3apayKeHHSI BOJIH
3a JOMOMOTOI0 3alpONOHOBAHOI TEXHOJOTl 3 BHUKOPHUCTAHHAM MOAM(DIKOBAHUX
MeMOpan Ha mianpueMctei TOB «HBO «Exocodt» (M. Kui). Pe3ynpTatu HayKOBHX
JOCHTi)KeHb BHKOPHUCTOBYIOTBCSI Yy HaBualbHOMY TMpoueci B HamioHaibHOMY
yHiBepcuteTi «KneBo-MoruisiHCbKa akajeMis» 1111 4ac BUKJIAJ@aHHS KypciB «Metoan
CHHTE3y Ta MOIM(iKyBaHHS MeMOpaHHUX Matepiani», «HaHOKOMIO3UTHI MosliMepu Ta
MeMOpaHW», a TaKOoX IIiI Yac BHKOHAHHS HAYKOBHX JOCHIIKEHb [UIsl 3aXHCTY
OakajaBpChKHX 1 MaricTepchbKuX KBalidikaliifHUX poOiT 1 KaHAMJATCHKUX JUCEPTALliid.
OCHOBHI TONIOJKEHHSI Ta pPe3yJbTaTH MUCEPTAIlHOTO JOCHIKEHHS ITOBHICTIO
BioOpakeHi y 55 HayKOBHX IpallsiX, 3 HUX 15 cTaTeil y HayKoBUX ()aXxOBHUX BHIAHHSIX

VYkpainu, 1 craTrri y BHMJIaHHAX YKpaiHW, SIKI BKJIIOYEHO JI0 MIXKHApOIHUX
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HAyKOMETPUYHMX Oa3 JaHuX; 4 CTaTTi y HAyKOBOMY MEPIOJUYHOMY BUIAHHI iHIIOL
JepKaBU, BKIOYEHOMY 10 MDKHAPOJHUX HAYKOMETPUUHHMX 0a3 maHux; 9 myOmikamiid y
BUJIAHHSX 1HIIMX JIEPIKaB Ta iHIIMX HAYKOBUX BHJAHHAX; 12 marentax YkpaiHu, 3 HUX
1 narenti Ykpainu Ha BUHaxijJ, 14 Te3zax J0ONOBiJeHd HAa MIKHAPOJHUX 1 BITUYMZHIHHUX
KoH(epeHIisix. Bpaxaro, 1o B onmyOJiKOBaHMX TMpalsiX MOBHOIO MIpOIO BiJI0OpaKeHO
CYTh MCEpTaIliiftHOT poOOTH.

[IpencraBnena nucepraniiiHa pobora odopmileHa y BIANOBITHOCTI JIO BUMOT
MOH VYxkpaiuu. {uceprauiiina poboTa ckiiafaeThes 31 BCTYIy, HIECTH PO3/IUIIB, CIUCKY
BUKOPUCTAHUX JIITEPAaTypPHHUX JKEPET.

Y mepumiomy po3aiii 1Mo/IaHO ITPYHTOBHHI aHaJII3 JITEPATYPH II010 MOJIMEPHHUX
MeMOpaH Ha OCHOBI TOJIICYIb(OHY, (hIIyOPBMICHHX IOJIMEPIB, TOMIETHICHTEp(TANIATY
1 MOJaKpuIOHITpUIy. JlOKHaaHO pO3TAsHYTO TEXHOJorii (opMyBaHHA Ta METOIU
Mou(iKyBaHHS MMOTIMEPHUX MeMOpaH 3 METOI0 HaJllaHHA M 3aaHuX (YHKI[IOHAJIBHUX
BJIACTUBOCTEH 1 MpoaHai30BaHO IepeBaru Ta HEJOJIKU LIHUX MeTojiB. OOIpyHTOBaHO
BHUOIp 00’€KTIB 1 METOIB JOCHIKEHHS, SIKI JIAI0Th MOKIIMBICTH OTPUMATH TOJIMEPHI
MeMOpaHd i3 3aJaHUMU  (YHKIIIOHAJILHUMH  BJIACTHBOCTAMHM JUIA  3amoOiraHHs
OiokonoigHOMY 3a0pyaHeHHI0. OOTIPYHTOBAHO METY i 3aBJaHHs JOCIIKEHb.

Y apyromy po3giii OnmMcaHO BIACTHBOCTI W HaBEIEHO XapaKTEPUCTHKU
BUKOPHCTAHUX PEArcHTIB, a TAKOX HABEJCHO OIHUC METOJUK EKCIEPUMEHTAIbLHUX
JOCHI/IKEHb.

Y TperboMy po3aidi HA MiJICTABI KOMILUIEKCY €KCHEPUMEHTAIBHUX JIOCIIKEHb
OOTPYHTOBAHO TEXHOJIOTIYHI TmapameTpu (OopMyBaHHS MeMOpPaH-OCHOB Ha OCHOBI
noiicynb(Gony, momaiBiHUIACHPIYyOpHIY 1 HOTO KOMOJIMEPIB, MOJIaKPUIOHITPUITY IS
MOAANBIIOr0 MOJM(PIKYBaHHS, IO BW3HAYAIOTh IXHI palllOHANBHI EKCIUTyaTallliiHi
XapaKTePUCTHKH.

Y d4erBepTOMY PpoO3aiJi ONMMCAHO pE3YyJbTAaTH WHIOJ0 PO3pOOJIEHHA TEXHOJOTIT
OTPUMAaHHS IMOJIMEPHUX MeMOpaH i3 3aJaHMMH (PYHKIIOHAIILHUMU BIACTHBOCTSIMU 32
JOTIOMOT0I0 00’ €MHOTO MOJIM(DIKYBaHHSI, & TAKOXK PE3yJIbTaTH JIOCIIKEHHS CTPYKTYpPHU
1 BractuBOoCcTel oTpuManux memOpan. Jljist 06’eMHOrOo MoOaM(iKyBaHHS TMOTIMEPHUX

MeMOpaH y mporneci iXx (opMyBaHHA CHHTE30BAaHO HOBI MOHOTEHHI 1 KOMIUIEKCHI
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CIOJIyKM 3 OJliroMepaMH JIiHIHHOT Ta po3rany:keHoi OyJIoBH 3 (QYHKIIOHAJILHUMU
I'YaHiIIMHIEBUMH, TIPUAUHIEBUMH, CYIb(QaTHUMHU TpylaMH, OJIroeTep-ryaHiIUHIEBUMU
KOMIUIEKCaMH 3 HOoHamMHM MeTajiB. 3a JIOIOMOIOK CHHTE30BAaHUX CIIOJIYK BIIepILe
onepxkani HoBl IIC, ®Bm i1 [IAH wmemOpanum 3 mOKpamieHUMH BJIACTHBOCTSIMHU.
BceraHoBieHo, 1110 HOHOTEHHI 1 KOMIUIEKCHI CIIOMYKH 3aBIsAKy cnenudiuniii opieHTalrii B
MIOPUCTOMY TUIi Ta Ha MOBEPXHI IMOp MeMOpaH 3JaTHi IIECIPAMOBAHO 3MIHIOBAaTH iX
(i3uKo-XiMiuHI BIIaCTUBOCTI: TiAPOQiNbHICT, 3HAK 1 BEIMUYUHY 3apsly IOBEpPXHI,
PE3UCTETHTHICTD JI0 3a0py/THEHHSL.

Y m’saTomy po3aini onucaHo pe3ylbTaTH AOCHIKEHb MEXaHi3My YTBOPEHHS
MOBEPXHEBUX CEJICKTUBHUX NIAPIB MeMOpaH BHACHIJOK KOMIUIEKCHOTO TO€JHAHHS
METOY MOBEPXHEBOTO MOAM(DIKYBaHHS IXHBOI MOBEpXHI IMMOOLII3aIEI0 OJiroMepiB i
noJiiMepiB 3 (PYHKIIOHAJIBHUMH TpylaMH OJHOYACHO 3 IMOIEpPEIHIM aKTHBYBaHHSIM
MIOBEPXHI XIMIYHUMH, (I3UKO-XIMIYHUMH Ta (I3UYHUMH METOJAaMH, a TaKoX
BJIACTHBOCTI OTPUMAaHMX IMOJIMEpHUX MeMOpaH. Po3pobieHo crnocoOu MoaudikyBaHHs
MOBEPXHI OJIEPIKAHUX MMONIMEPHUX MeMOpPaH-OCHOB 3a JIOMIOMOTOI TPHIIETUICHHS
(YHKIIOHAJILHUX MOHOMEPIB, [MOJIMEPAHAJIOrIYHMX [EePEeTBOPEHb Ta 1MMOOiIi3anii
BIAMOBIMHUX (YHKIIOHAIIBHUX Ta OIOIMIHMX CHOJIYK. BHBYEHO BIUIMB THUILY
MOIU(IKYBaHHS Ha XIMIUHY MPUPOJY TMOBEPXHI i CTPYKTYPY OTpUMaHUX MeMmOpaH, ixHi
(QyHKIIOHAILHI ~ Ta  €KCIuTyaTalliifHi  XxapakTepucTukd.  Po3pobneHo  mertoju
MOAMGIKYBaHHA  TOJIMEPHHX  MeMOpaH HOHOTEHHMMU  OJIroMepaMu 3
(YHKIIOHATPHUMU TYaHIIUHIEBUMH, MIPUIMHIEBUMH, CYJIb(QaTHUMU TpynamMu, II10
JO3BOJISIIOTH LUIECTIPSIMOBAHO PETYJIFOBATH BEJIMYMHY 1 3HAK 3apsiay MOBEpXHI MeMOpaH.
BeranonieHo, 1o BeJiMUMHA KyTa 3MOUYBaHHS MOU(DIKOBAHUX MeMOpaH 3aJIeKUTh BiJl
PO3Tally’KEHOCTI  OJIITOMEPHOTO MOAM(IKYBAJIBHOTO areHTra, a Ha BEJIUYUHY &-
MOTEHI[ially TTOBepXHi MEMOpaHU OKpIM CTPYKTYpH JIaHIIOTa BIUTMBAE e i 3apsi rpyn
MoaudiKyBabHOro arenta. BeranosiieHo, o MoaudikyBanns nosepxHi [1C memOpan
30C cyTTeBO 3MIHIOE IX CEJEKTHUBHI XapaKTePUCTHKHU 111070 TyMiHOBUX Kuciot (I'K),
BCA, ta Heopraniunux coseit. Bniepiie moeqHaHO aKTUBYBaHHS MOBEPXHi MOIiMEPHHUX
(ITAH, TIC, [IET® i ®Bm) memOpaH 3a JOMOMOTOIO MOJIiMEPaHAJIOTTUHUX NIEPETBOPEHD

OpUUIeIICHOT  nosiMepu3anii  (QyHKUIOHAJbHMX ~ MOHOMEPIB 3 HACTYIHOIO
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IMMOO1T13a11i€l0  HOHOT@HHMX IIOJIMEPHUX AaHTUOAKTEpialbHUX AareHTiB (XiTO3aHy,
NOJIreKCaMeTHJICHTYaHIMH ~ XJIOPHLY, T'YaHJIMHOBMICHMX OJIITOMEPIB; KOMIUIEKCY
MOJIIBIHUIMIPOJIIZIOHY 3 HOM0M 1 aHTHOIOTHKA XiHOJOHOBOTO DSy — HAaJiIMKCOBHOBOL
kucinoTH). IlokazaHo, TIO0 BHACHIZOK XIMIYHOI B3aeMoJii (PYHKIIOHAJIBHMX TpyM
AKTUBOBAHOI IOBEpXHI MeMOpaH 3 (YHKUIOHWIBHUMH TIpylnaMu 1MMOOLII30BaHUX
arcHTIB BiJIOYBA€TLCA 3MiHA 3apsy IMOJIMEPHHX MeMOpaH, a TaKoX Tijipodimizaris
iXHBOI TIOBEpXHi, fKa JI03BOJIIE PpEryJIOBaTH CEJIEKTUBHICT 1 TPOAYKTUBHICTD
oJilepikaHuX MeMmOpaH. BcTaHOBIEHO 3aleXHOCTI C-MOTEHIaMy OJep:KaHuX MeMOpaH
B1JI KUIBKOCTI iIMMOOUII30BaHUX Ha MOBEpXHI MeMOpaH HOHOT€HHMX (PYHKIIOHAILHUX
pedoBUMH 1 mnonimepiB. Po3pobiieno wmetoaukyn  moaudikyBanHs noBepxHi [IET®
MeMOpaH XiTO03aHOM, TYaHIJIMHBMICHHUM OJIITOMEPOM, MOJIN€KCaMETHICHTYaHITUHOM 3
noTiepeTHIiM aKTUBYBaHHSAM TOBEpPXHiI MeMOpaH 3a JOMOMOTOK OKUCHEHHS, OMUJICHHS
Ta MPUIIETUIEHHAM METAKPUIOBOI KHCIIOTH.

Y mocromy po3gini chopmylibOBaHO peKOMEHJAIl 1010 BUKOPHCTAHHS
po3pobieHnX  MOAM(IKOBAHUX TOJIMEPHMX MEMOpaH B  Xap4yoBii, XiMidHIH
IIPOMMCJIOBOCTI, (apmallii, a TaKoXK Yy TEXHOJOTIAX OYHMIICHHS TPUPOAHMX Ta
OakrepianbHO- M TexHIYHO 3a0pyaHeHuX Boa. Ha mincraBi oTpuMaHUX pe3yJbTaTiB
OOTpyHTOBAHO TEXHOJOTIYHI CTa/ll Ta TEXHOJOTIYHI MapaMeTpu, a TAKOXK PO3POOJIEHO
TEXHOJIOTIYHMI  PErIaMeHT Ha  BUTOTOBJICHHS  €KCIIEPUMEHTAJILHOI  mapTil
MOAM(IKOBAHUX TOJIMEPHUX yABTpa- 1 MIKpodiasTpamiiinux MeMOpaH, SKi
BiJI3HAYAIOThCS TiApo(iTi30BaHOK 1 3apsKEHOI0 IIOBEPXHEH, IO Ja€ MOMKIMBICTH
MOJIOBKUTH  TPUBAIICTh IXHBOI  eKCIUTyaTalii 3aBISKM 3MEHIICHHIO IXHBOTO
O10KOJIOITHOTO ~ 3a0py/IHEHHS, a TaKOX BIPOBADKEHO  BIJUMOBIJIHY  JIOCHIJTHO-
EKCIIEPUMEHTAJIBHY YCTAHOBKY Ta BHKOHAHO JOCIIHO-IIPOMMCIIOBI BHUIIPOOYBaHHSA
TEXHOJIOTI] JOOUMIIEHHS CTIYHUX 1 000POTHUX BOJ 3 BUKOPHUCTAHHIM MOAMU(IKOBaHUX
nomakpwioHITpuiibHUX MemOpan Ha mijanpueMctsli TOB «HBIT « YKPOPI'CUHTE3»
(M. Kui). /s BUroTOBIEHOT €KCIEPUMEHTAIBHOT MapTii MOAN(DIKOBAHUX MOJIMEPHUX
yiabTpa- 1 MikpoduibTpaniiuux memMOpan Oysno po3poOieHO TEXHIYHI YMOBHM Ha
JIOCJTITHO-IIPOMMCIIOBY NAPTil0 BUCOKOS(EKTUBHUX PYJOHHUX MeMOpaHHHMX €JIEMEHTIB

1 pe3ynbTaTH MUIOTHUX BHUIPOOYBaHb 3 BHUKOPUCTAHHAM MOIU(IKOBAaHUX MeMOpaH



9

NpOIECY OUMIIEHHS TIOBEPXHEBOI BOJM [MOKA3alM  JIOUUIBHICTE OUMIICHHS Ta
3HE3apaXkCHHS BOJIM 3a JOTIOMOTOK0 3alpoNOHOBAHOT TeXHOJIOT1T Ha mijnpueMctBi TOB
«HBO «kEKOCO®T» (M. KuiB).

Marepianu gucepraiiitHoi poOOTH BHKIQJACHI 3 JIOTIYHOK TOCHIIOBHICTIO
MpeCTABICHOTO Marepially, YiTKOI 3pO3YMIJIOI0 HAyKOBOIO MOBOIO. ABTOpedepar
AMCepTallii K 3a CTPYKTYpOIO, TaK 3a 3MICTOM BIJANOBIJAE OCHOBHUM IOJIOXKEHHSM
aucepTaniiHoi podoTH.

[Ipencrarneni B aucepralliifHiii poOOTi TEOpEeTUYHI BUKIAAKU MiATBEPIKYIOTHCA
3HAYHOK KUIBKICTIO CUCTEMAaTU30BAHOI'O €KCIIEPUMEHTAIIBHOIO Marepiainy, OTPUMAaHOTO
3 BUKOPHUCTAHHSIM TaKUX METOJIB JOCHKeHb: [Y-criekTpockormist 3 1nepeTBOpEeHHsIM
d@yp’e, ckaHyBaJbHA CICKTPOHHA MIKPOCKOIIif, BUMIPIOBaHHA &E-TIOTEHIlIANY TOBEPXHI
MeMOpaH METO/IOM TIOTEHIiady MPOTIKAaHHSA s BU3HA4YCHHA 3apsy IIOBEpXHI,
MIKpOO10JIOTTUHI METO/IM (JIJI51 JIOCITIJIKEHHS] aHTUOAKTEPialbHUX BIACTUBOCTEH ).

Bwmine mnoenHaHHS PI3HUX METOJIB JOCHI/DKEHHS JaJi0 3MOTY JIMCEPTaHTIN
rIU0OKO TpoaHaIi3yBaTU OTPHUMaHI pe3ylbTaTH 1 3pOOMTH BHBa)K€HI BHUCHOBKH Ta
y3arajibHeHHs. KitouoBi noctynatu go0pe y3ro/DKYIThCs MK co000 Ta JIONOBHIOKOTh
OJIMH OJIHOTO.

3ayBaKeHHS 11070 3MicTy i opopmiIeHHA AucepTalil Ta aBTopedepary:

1. Yomy came IIET" i came 3 MM 35000 BuOpaHo ansi BUBUEHHSI CEIEKTHBHOCTI
MemOpan ?

2. Ha >xanp, B [ucepTallii He BUKOPUCTAHO THX MOXIMBOCTEH, sKi HanawTs [IETD
MeMOpaHM SIK MOJIENIbHI 00’ €KTH, 10 XapaKTEPU3YIOTHCS CTPOTO LHJIIHIAPUIHOK)
dopMor0 mop ISl JIOCHIJDKEHHST  TMporeciB  MoaudikyBaHHsS — MeMmOpaH,
TpaHcMeMOpaHHOI O MepeHeceHts. 30KpeMa He OLIHEHO 3MIHY po3Mipy Hop npu
aKTUBYBaHHI MeMOpaH, NpH TPUIICIUICHIH TMoJiMepu3allii MeTaKpUIOBO1
KHCJIOTH, TIpH MOAU(DIKYBaHHI aKTHBOBAaHMX MeMOpaH aHTHOaKTepiaJbHUMHU
areHTaMH, MPU aHaJi31 PO3/ILIOBUX XapaKTepPUCTUK MeMOpaH.

3. Crop. 151 nwuceprainii: «OgHMUM 3 TMiAXOMIB PETYIHOBAHHS XapaKTEPUCTUK
HOJTIMEpPHUX MeMOpaH, iXHBOI MOJIGKYISIPHOI apXiTeKTypH Ta Oi0CYyMICHHX

BJIIACTUBOCTEH € BBeleHHS TpaiauliiiHux HoHoreHHUX [IAP sk KOMIOHEHTIB
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(hopMyBaJIbBHUX PO3YMHIB ToyiMepiB. OJHAK B 1bOMY BHUIAAKY HE BAAE€ThCA
JNOCATTH HEeoOXiAHOTO piBHA (QYHKIIOHANi3allii TOBEpXHI MeMOpaH B CHILY
BUMHBaHHs Ha3BaHUX CIIOJIYK SIK B Ipoueci (opmyBaHHsS MeMOpaH, Tak i
nojianeiiol  IXHBOI  eKCIuTyaTaltii. 3 METOI)  HaJaHHS  MeMOpaHam
(GYHKIIOHAJILHUX BJIACTUBOCTECH B JaHii 4YacTHHI poOOTi OyJa0 JOCHIHKEHO
BBEJICHHS Y MaTpUI0 MeMOpaHH HH3BbKOMOJIEKYJSIPHUX TOTiMEpiB, [0 MiCTATh
4eTBEPTHUHHI aMOHI€BI TpyNH, sKi HaJalTh MeMOpaHaM OaKTEPUIUIAHOCTD.
YoMy aBTOp BBaKa€, 110 came IIi HU3bKOMOJIECKYJSIPHI [OJIIMEPH, L0 MICTATH
4eTBEPTUHHI AMOHI€B1 IPYIH, HE IOBUHHI BUMUBATUChH 3 IIOJIiIMEpHOI MaTpHIli ?

4. Ctop. 208. «/locmipkenHss aHTHOAKTEpiaJIbHUX BJIACTMBOCTEH MOIM(]IKOBaHHX
MeMOpan (tabu. 5.33) nokasye, mo MemMOpaHd, MOAU(]IKOBaHI PO3UMHAMM
AgNO3, xapaktepusytorbes 100 % OGaxkTepuIMIHO aKTHBHICTIO 1 30epiratoTh ii
npoTsromM 56 aio». Uu BU3HAYaIM siKa KUIBKICTh apreHTYM HITpaTy HPHINCTHIACs

710 TIOBEPXHi MeMOpaHu?

BBaxaro, 110 HaBeJIeHI 3ayBajK€HHSI Ta HEJOIIKH HE € TMPUHIMIIOBUMH 1 He
BIUIMBAIOTh Ha 3arajlbHy MO3UTUBHY OLIHKY pOOOTH, a TAaKOK Ha HAYKOBY Ta MPAaKTUYHY
HIHHICTH MPeCTaBIeHOT pOOOTH.

BucHoBok npo BignmoBigHicTs aucepraunii BuMoram mogaoxens JAK MOH
Ykpainu.

VY poboti «MoaudikoBaHi rnmosiMepHi MeMOpaHu i3 3alaHuMH (QyHKITIOHATbHUMHA
BJIACTHUBOCTAMH» Ha IIIJCTABI CHUCTEMHHMX TEOPETHYHHUX 1 MPAKTUYHHUX JOCIIIKEHb
BUpIIIICHA Ba)KJIMBa HAyKOBO-TEXHIUHa MpolOiieMa, 30KpeMa, po3poOJIEHO TEXHOJOTii
OJIep)KaHHsI MOAM(DIKOBAHUX MOIIMEPHUX MeMOpaH i3 3aJaHMMH (PYHKI[IOHAJTLHUMU Ta
HNOKpalleHUMH  CEJIEKTUBHMMHM 1  aHTUOakTepiaJILHUHMH  BIACTHMBOCTAMU 3
BUKOPUCTAHHSM  IIJIOTO  KOMIUIEKCY  HOBHX  TEXHOJIOTIYHO  OOIPYHTOBaHUX
MOJIM(IKYBUILHUX ~ PEUYOBHMH-JI0JIATKIB B (OPMYBaJIbHMX PO3YMHAX, a TaKOXK
MOBEPXHEBOT0 MOJIM(DIKYBaHHS TOJIMEPHUX MeMOpaH 3a JOMOMOTOI TPHUIICTIICHHS
(PyHKIIIOHAJTBHUX MOHOMEPIB, MOJIMEpPaHAJOrIYHUX TIEPETBOPEHh Ta IMMOOLTI3aIl

O10LUIHUX PEUOBHH.
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Pob6oTa BHKOHaHa Ha BHCOKOMY HAayKOBOMY PpiBHi, € aKTyalbHOI, Mae
byHIaMeHTaNbHE Ta MPaKTHYHE T— "

BBaxaro, 1mo 3a aKkTyaJbHICTIO Ta 00 €MOM BHMKOHAHHMX JOCIiKEHb,
HOBHM3HOIO OJIEPXKAHUX pe3yJIbTATIB, IX TEOPETUYHUM Ta NMPAKTHYHUM 3HAYEHHSM,
CTyNeHEM OOIDYHTOBAaHOCTI HAayKOBHX MOJIOKEHb JHCepTaliiHa poboTa
"MonudikoBani mnoniMepHi MemOpaHM i3 3aJaHMMH  (QYHKLIOHAILHUMH
BIIACTHBOCTAMK" TOBHICTIO BIANOBiJac BHMOram "[TopsiaKy TpHCYMIKEHHS
HayKOBHX CTymneHiB", 3aTBep/pkeHoro [TocranoBoto Kabinety MinictpiB Ykpainu
Ne 567 Bin 24 nunus 2013 poky, a ii aBropka Bakymox Ilonina BacuniHa

3aCJIyrOBy€ Ha MPHUCBOECHHS HAyKOBOIO CTYNEHS NOKTOpa TEXHIYHMX HayK 3a

crietianbHicTio 05.17.06 - TexHONOTis NONIMEPHHUX | KOMIO3HUIHHUX MaTepiais.

Odiuiiinuit onoHenT —
pexrop JIBH3 «Ykpaiucekuii nepxaBHuii

XIMiKO-TEXHOJIOTIYHUI YHIBEPCUTETY,
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