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0CPHUIHUlbHoro OIlIlOHeHTa Ha .1lHCCepTaIlHOHHyK> pa60TY 


EAPKOBOM MapHHbI MBaHOBHbI «fIollyqeHHe H pa3.1leJIHTellbHble CBOHCTBa 


KOMIl03HTHbIX MeM6paH Ha OCHOBe MeTallJI-OpraHHqeCKHX KOOp.1l1maIlHOHHbIX 


IlOJ1HMep08}>, Ilpe.1lCTaBlleHHyK> Ha COHCKaHHe yqeHOH CTeIleHH KaH.1lH.1laTa 


XHMHqeCKHX HayK 110 CIleUHallbHOCTH 02.00.04 cpH3HqeCKasI XHMH.SI 


MHTeHCHBHO pa3BHBaJOlll.HeCSI B IlOClle.1lHee BpeMSI MeM6paHHble MeTO.1lbI pa3.1lelleHHSI 

ra30BbIX CMeceH xapaKTepH3YIOTC» IlPOCTbIM aIlIlapaTypHbIM ocpopMlleHHeM, MallOH 

:meproeMKocTbJO, HH3KOM CTOHMOCTblO H, B TO )Ke BpeM», BbICOKOH 3cpcpeKTHBHOCTblO. 

OCHOBHbIMH xapaKTepHCTHKaMH, OIlpe.1lell»JOlll.HMH 0611aCTb IlpHMeHeHH» MeM6paH, 

»Bll»JOTC» HX IlpOHHuaeMOCTb H celleKTHBHOCTb IlpoueCCOB pa3.1lelleHHSI, a TaK)Ke 

MeXaHHqeCKasI YCTOHqHBOCTb MeM6paH B YCllOBHSlX HX 3KcIlllyaTauHH. 

B IlOClle.1lHHe rO.1lbI 6011b1lIOH HHTepec BbI3blBaJOT rH6pH.1lHble MeM6pa~bI, 

IlollyqaeMbJe Ha OCHOBe MeTallllOOpraHHqeCKHX KapKaCHbIX COe.1lHHeHHH (MOF), 

pellieTOqHasI CTpyKTypa KOTOPbIX COCTOHT H3 HOHOB HllH MallblX KllaCTepOB MeTfu'IJI0B, 

CB»3aHHblX IlOllH.1leHTaTHbIMH opraImqeCKHMH JIHraH.1laMH. MOF xapaKTepH3YIOTC}l 

O.1lHOPO.1lHbIM paCIlpe.1lelleHHeM IlOP 110 pa3MepaM, BbICOKHMH 3HaqeHH}lMH IlOPHCTOCTH H 

y,IlellbHoH IlOBepXHOCTH, 6011blllHM 06beMoM H, KaK Clle.1lCTBHe, BblCOKOH a.1lCOp6UHOHHOH 

cnoc06HoCTblO. l~eJIeHaIlpaBlleHHbIH Ilo)J,60p CTPYKTYPbI KPHCTallllHqeCKOH pellleTKH 

MOF Il03BOll}leT TaK)Ke pelllaTb Ba)KHble 3a.1laqH, CBSl3aHHble C pacIl03HaBaHHeM H 

CBSl3bIBaHHeM cIleUHcpHqeCKHX MOlleKYll, qTO Il03BOll}leT pa3pa6aTblBaTb 

BblCOKocelleKTHBHble MeM6paHHble MaTepHfu'Ibl. 

Bce BbllIleH3JIO)KeHHOe Il03BOll}leT IlpH.1lTH K 3aKlllOqeHHIO, qTO pa3pa60TKa H 

C03.1laHHe BbICoK03cpcpeKTHBHbIX MeM6paHHblX MaTepHallOB Ha OCHOBe MOF SlBJmeTCSI 

Ba)KHbIM H IlepCIleKTHBHbIM HanpaBlleHHeM B pa3BHTHH cOBpeMeHHblx MeM6paHHblx 

TexHollomM. BMecTe C TeM, B JIHTepaType IlpaKTHqeCKH OTCYTCTBYIOT CBe.1leHH» 0 

MeTO.1laX CHHTe3a MOF HeIlOCpe.1lCTBeHHO B MaTpHlle IlOllHMepa, oc06eHHo MeTO.1l0B, 

oCYlll.eCTBllSleMbIx in situ. He pellieHa TaK)Ke 3a.1laqa pa3pa60TKH MeTO)J,OB HaHeCeHH}l 

TOHKHX ClloeB MOF Ha IlOBepXHOCTb HOCHTelleH pa:UIHqHOH IlpHpO.1lbI. 

B TroM CB}l3H TeMa .1lHCCepTaUHoHHoH pa60Tbl M.M. EapKoBoM, IlOCB}llll.eHHasI 

pa3pa60TKe MeTO.1l0B IlollyqeHH}l H HCCJ'Ie..uOBaHHIO ra30pa3.1lellHTellbHbIX CBOHCTB HOBbIX 

KOMII03HTHbIX MeM6paHHblx MaTepHa'IOB Ha OCHOBe IlOJIHMepOB H MOF, B TOM qHCne 
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MeM6paH C HaHeCeHHhIM CeJIeKTHBHhIM CJIOeM H CMeIIIaHHOH MaTpHu,eH (MCM), 

npe,lJ,Ha3HaqeHHhIX ,lJ,JIjI CeJIeKTHBHoro pa3,lJ,eJIeHMjI ra30B, jlBJIjleTCjI aKTYaJIhHOH. 

Jl.JIjI peIIIeHHjI nOCTaBJIeHHOH 3a,lJ,aqH aBTOpOM ,lJ,HCCepTau,HH pa3pa60TaHhI HOBhIe 

MeTO,lJ,hl nOJIyqeHHjI KOMno3Hu,HOHHhIX MeM6paH npHHu,HnHaJIhHO Pa3JIHqHhIX THnOB, B 

TOM qHCJIe MeM6paH C ra30CeJICKTHBHhIM CJIOCM, T.e. MOF Ha Pa3JIHqHhIX nOpHCThIX 

HOCHTeJIjlX (KepaMHqCCKHX HJIH nOJIHMepHhIX, a TaK)J(C MCM-MCM6paHhI, 

npC,lJ,CTaBJIjlIOIU,He C060H nOJIHMepHhlC KOMn03HThI C BHe,lJ,peHHbIMH MOF THna ZIF-8). 

CTPYKTypa H cBoiicTBa H CHHTe3HpOBaHHbIX MeM6paH HCCJIe,lJ,OBaHbI C HCnOJIb30BaHHeM 

Pa3JIHqHhIX q,H3HKO-XHMHQeCKHX MeTO,lJ,OB (P<l>A, MKC, C3M). M3MepCHbI 

ra30npOHHu,aCMOCTH nonyQCHHbIX MeM6paH H ou,eHeHhI HX CCJICKTHBHOCTH B npou,cccax 

pa3,lJ,eJIeHHjI JIerKHX ra30B. 

Hay:'lHa}I HOBH3Ha ,lJ,HCCepTau,HOHHOH pa60ThI EapKOBOH M.M. 3aKJIlOQaeTCSl npe)J(,lJ,e 

Bcero B TOM, QTO B ,lJ,HCCepTau,HOHHOH pa60TC BnepBble pa3pa60TaHhI cnoco6h1 nOJIYQCHHjI 

MCTaJIJIOOpraHHQeCKHX KOOp,lJ,HHau,HOHHhIX nOJIHMepOB MOF-199 (Cu3(BTCh, BTC = 

1,3,5-6eH30JITPHKap6oKcHJIaT) H ZIF-8 (Zn(mimh, mlm 2-MCTHJIHMH,lJ,a30JIjlT) nYTCM 

KPHCTaJIJIH3au,HH Ha Pa3JIHQHbIX nopHCThlX nO,lJ,JIO)J(Kax (OKCH,lJ,C aJIIOMHHHjI, 

nOJIHaKpHJIOHHTPHJIe H KepaMHKC Ha ceTKe H3 Hcp)J(aBCIOIU,eH CTaJIH). 

ABTOPOM pa3pa60TaH TaK)J(e MCTO,lJ, nOCTa,lJ,HHHOrO TeMnJIaTHOrO CHHTC3a 

MeTaJIJIOOpraHHQeCKOrO KOOp,lJ,HHau,HOHHoro nOJIHMepa Ha npe,lJ,BapHTeJIbHO 

Cq,0pMHpOBaHHbIX U,CHTPax KPHCTaJIJIH3au,HH ,lJ,JljI nOJIYQCHHjI CnJIOIIIHoro nOKphlTHjI 

nOBcpXHOCTH KOMn03HTHOH MeM6paHbi. 

/l.JIjI nOJIYQeHHjI KOMn03HTHhIX MeM6paHHhIX MaTCpHaJIOB CO CMCIIIaHHOH 

nOJIHMepHOH MaTPHu,eH B pa60Te HCCJIe,lJ,OBaHhI YCJIOBHjI q,OpMHpOBaHHSl HaHOQaCTHu, ZIF

8 B nOJIHMepHhIX MaTPHu,ax Pa3JIHQHOH npHpo,lJ,bI: BbICOKonpoHHu,aeMoro H 

HH3KOCeJleKTHBHoro nOJIHMepa C BHYTPCHHCH MHKPOIIOPHCTOCTblO PIM-l H 

HH3KOnpoHHu,acMoro H BhlCOKOCCJIeKTHBHoro cTeKJIoo6pa3Horo nOJIHHMH,lJ,a 6FDA-ODA. 

ITpaKrnQeCKa}I 3HaQHMOCTb pa60ThI TCCHO CBjl3aHa C ee HaYQHOH HOBH3HOH, 

nOCKOJIhKY Ha OCHOBC nOJIYQeHHhlX B pa60Te TCOpeTHQeCKHX H 3KcncpHMeHTaJIhHhIX 

pe3YJIhTaTOB pa3pa60TaHhI HOBbIC MeTO,lJ,hI nOJIYQeHHjI MeTaJIJIOOpraHHQeCKHX 

KOOp,lJ,HHaI~HOHHbIX nOJIHMepOB MOF-199 H ZIF-8, opHeHTHpOBaHHhIX Ha C03,lJ,aHHe 

KOMn03HTHhIX MeM6paHHhlx MaTCpHaJIOB ,lJ,JIjI KOMII03HU,HOHHhIX MeM6paH H MeM6pan 

THna MCM, npHMCHjlCMhIX B CeJICKTHBHOM ra30pa3,lJ,eJIeHHH, a TaK)J(e MeTO,lJ,bI nOJIYQCHHSl 

MCM6paHHblx MaTCpHaJIOB nYTcM KPHCTaJIJIH3au,HH in situ MeTaJIJIOOpraHHQeCKHX 
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KOOp.nHHaUHOHHbIX nOnHMepOB ZIF-8 Ha nOBepXHOCTH nopHCTbIX HeOpraHH'IeCKHX H 

nonHMepHbIX HOCHTeJIeH. 

B pa60Te nonY'IeHbI HOBbIe MeM6paHbI C ceneKTHBHbIM cnoeM Ha OCHOBe 

MCTannOOpraHH'ICCKHX KOOp.nHHaIlHOHHbIX nOJIHMCpOB MOF-199 H ZIF-8, HaHcceHHbIX 

Ha MCTaJlnOKCpaMH'ICcKYIO H nOJIHMepHYIO no.nJIO)KKH, xapaKTcpH3yIOIl(HeCSI 

nOBbIIlICHHOH ccnCKTHBHOCTbIO B npoucccax pm.ncnCHHSI rmOB. 

ABTOPOM pmpa60TaH CHHTC3 in situ MCTaJIJIOOpraHH'ICCKoro KOOp.nHHaIJ;HOHHOro 

nonHMcpa ZIF-8 B pacTBope nOJIHMCpOB PIM-I H 6FDA-ODA. IIOJIY'IeHbI KOMn03HTHbIC 

MCM6paHHbIC MaTCpHaJIbI C paBHOMcpHbIM pacnpe.nenCHHeM 

MCTaJIJ100praHH'IeCKOrO COC.nHHCHHSI B Ma:rpHUc nOJIHMCpOB, a TaK)KC MCM6paHbI B BH.ne 

lIJICHOK H3 KOMn03HTHbIX MaTCpHaJIOB co cMcIlIaHHoH MaTpHucH H H3MCPCHbI HX 

rmonpoHHuacMocTH H ccneKTHBHOCTH )J.J1SI pSI.na CTaH.naPTHbIX ra30B. 

C,llcnaHHbIH B I-oH rnaBC ,llHCCCPTaUHH ,llOCTaT04HO nOJIHbIH H no.npo6HbIH 0630p 

JIHTCpaTypbI CBH,llCTCnbcTBycT 0 TOM, 'ITO aBTOp 04CHb XOPOiliO Bna.nCCT MaTCpHaJIOM. 

,IJ,CTaJIbHbIH aHaJIH3 nHTcpaTypHbIX ,llaHHbIX n03BonHn aBTOPY ,llOCTaT04HO 4CTKO H 

060CHOBaHHO cqJOpMynHpoBaTb ucnb H 3a.na'lH HCCJIC,llOBaHHSI. 

ABTOPOM .nHCCCPTaUHH BbllIOJIHCH 60nbiliOH 06bCM .nOCTaTO'lHO CJlO)KHbIX <pH3HKO

XHMH4CCKHX H TCXHOJIOrH'ICCKHX HCCJIC,llOBaHHH (rJIaBa 2). AHaJIH3 nonY'ICHHbIX 

3KcnepHMeHTaJIbHbIX ,llaHHbIX (rnaBa 3) HeCOMHeHHO CBH,lleTenbCTBYCT 0 ,llOCTOBepHOCTH 

nonY'ICHHbIX B ,llHCCepTaUHOHHOH pa60Tc PC3YJIbTaTOB. OCHOBHbIC BbIBO.nbI, C,llcnaHHbIC B 

pa6oTc, npc.nCTaBJISIIOTCSI 060CHOBaHHbIMH H c<p0pMynHpoBaHbI .nOCTaTO'lHO KOHKPCTllO H 

4CTKO. 

,IJ,HcccpTaUHSI O'leHb XOPOiliO O<popMJICHa, nanHcaHa SICHbIM HaY'IHbIM SI3bIKOM. 

BMeCTe C TeM, HO pa60Te CCTb CnC,llYIOIUHC 3aMC'IaHHSI 

1. HaY'IHaSI HOBH3Ha H npaKTH'IeCKaSI 3Ha'lHMOCTb pa60TbI HC BbI3blBalOT COMHCHHH. 

MCCTC C TCM <p0pMynHpoBKH 060HX pm,llCnOB HHOr,lla cnHiliKOM 6nH3KH, 'ITO 3aTPY,llHSICT 

HH,llHBH.nYaJIbHYIO OUCHKY Ka)K)J.Oro H3 HHX. 

2. Tpc6YCT 60ncc '1CTKOrO onpC,llCJICHHSI Bblpa)KCHHe Ha CTp. 83 «... HaHJIY4IlIHC 

PC3YJIbTaTbI nOKa3aJIH Mc6paHbI,••• Ha KOTOPbIC HaHCCCHO nSITb cnOCB... OnTHMaJlbHbIM )KC 

KOnH'ICCTBOM cnOCB .••SIBnSICTCSI TpH CJIOSI}). XOTCJIOCb 6bI BblSICHHTb, KaKOH KpHTepHH 

{(OnTHMaJIbHOCTH}) HCnOJIb30BaJI aBTop? 

OCTaJIbHbIC 3aMe'lCHHSI HOCSIT B OCHOBHOM PC,llaKllHOHHbIH XapaKTCp 
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4. B Ha3BalUIH ll.HCCepmUHH H ll.aIIee no TeKcTY ueneC006pa3Hee 6bmo 6bI HCnOJlb3BaTb 

TepMHH «MeTaIInOOpraHHqeCKHe KOOp,ZlHHaI~HOHHble COe,ZlHHenml», a He CPOPMaIIbHbIH nepeBO,Zl 

C annlHHCKoro - «MeTaIIJI-OpranHqCCKHC». 

5. K CO)KaIIeHHJO, COHCKaTCJIJO He Y,ZlaIIOCb H36c)KaTb OlIlH6oK H OneqaTOK. 


Ha CTp. 11 (BepxmBI cTpoKa TCKcTa) nponymcHo THpe nepc,Zl «3TO». 


Ha CTp. 12 HeY,ZlaqHO CCPOPMYJIHpOBaHa cppa3a «CPC,ZlH CHHTCTHqeCKHX MCM6paH 


npHHSlTo KJIaCcHcpHUHpoBaTb•..». 

CTp. 18. cmc O,ZlHa HCY,ZlaqHaSI CPPa3a «... ,ZlOCTHrHYTbI HcnnOXHC PY3YJIbTaTOB •.. ». 

qTO KacaCTCSI Ha3BaHHSI nO,Zl3arOJIOBKa 1.7 Ha CTp. 36, TO., no MHCIiHJO onnCHTa, no 

CMbICJIY HMeCTCSI B BH,ZlY «BJIHSlHHC ycnoBHH CHHTC3a Ha CPOpMHpoBaHHe H CBOHCTBa 

MCTaIIJIOOpraHflqCCKHX KapKacHblx CTPYKTYp.» 

Ha CTp. 47 ,ZlBa)K,ZlbI He YKa3aHO 0 KaKOH <<IIlHpHHC» H,ZlCT PCqb. 

rICPCXOM K 06mCH OUCHKC ,ZlHCCCpmUHOHHOH pa60TbI, MO)KHO Cll,eJIaTb BbIBOll., qTO 

no 061,eMY H ,ZlOCTOBCPHOCTlI nonyqCHHbIX 3KcncpHMCHTaIIbHhIX ll.aHHbIX, nOJIHOTC HX 

aHaIIH3a H 060CHOBaHHOCTH BbIBO,ZlOB ,ZlHCCCPTauHOHllaSI pa60Ta M.M. EapKOBOH 

npC,ZlCTaBJISICT C060H 3aBcpIIICHHOC HayqHOC HCCJIC,ZlOBaHHC, B KOTOPOM pCIIICHa Ba)KHaSi 

HayqHaSI H npaKTHqeCKaSi np06JICMa - pa3pa60TKa MeTO,ZlOB nOJIyqcmuI H HCCJIC,ZlOBaHHC 

ra30pa3,ZlcnHTCJIbHbIX CBOHCTB HOBbIX KOMn03HTHbIX MCM6paHHbIX MaTCpHaIIOB Ha OCHOBC 

MCTaIIJIOOpraHHqCCKHX KapKaCHbIX CTpyKTyp, BKJIJOqaSI MCM6paHbI C HaHCCCHHbIM 

CCJIeKTHBHbIM CJIOCM H MeM6paHbI co CMCIIIaHlIOH MaTpHUCH Ha OCHOBe nOJIHMepHl>IX 

MaTepHaIIOB C MeTaIIJIOpraIUIqCCKHMH KapKaCHbIMH COell.HHCHHSlMH ,ZlJISI CCJIeKTHBHoro 

pa3,ZlenCHHSI ra30B. 

ABTopccpepaT ,ZlHCCepmUHH ll.OCTaTOqHO nonHO H a,ZleKBaTlIO OTpa)KaeT OCHOBHbIC 

nOJIO)KCHHSI H BbIBO,ZlbI ,ZlHCCepTaUHH. OCHOBHoe CO,ZlCP)KaHHC ,ZlHCCepTaUHH H3JIO)KeHO 

,ZlOCTaTOqHO nOJIHO B 2-x CTaTbSlX B OTeqeCTBeHHbIX )KypHaIIaX, peKOMeH,ZlYCMhIX BAK, 

O,ZlHOH CTaTbC B 3apy6e)KHOM )KypHaIIC H 7 -MH TC3Hcax ,ZlOKJIall.OB, npC,ZlCTaBJIeHHbIX Ha 

Me)K,ZlYHap0,ZlHbIX H BCCPOCCHHCKHX KOHcpepeHUHSlx. 

rIo TeMaTHKC, 06bCMY, MCTO,ZlaM HCCJICll.OBaHHSI, ,ZlOCTOBepHocTH nonyqCHHbIX 

pe3YJIbTaTOB, HX uayqHOH HOBH3He H npaKTHqCCKOH 3HaqHMOCTH npc,ZlCTaBJIeHHaSI 

,ZlHCCCpTaUHoHHaSI pa60Ta COOTBCTCTBYCT KpHTepHSlM, YCTaHOBJICHHbIM .nYHKToM 9 

«rIOJIO)KeHHSI 0 nOpSl,ZlKe npHcY)K,ZlCHHSI yqCHbIX cTcncHeH», npe,ZlbSlBJISlCMbIX K 

,ZlHCCepTaumIM Ha COHCKaHHC yqCHOH CTenCHH KaH,ZlH,ZlaTa HaYK. 

4 

http:ZlOKJIall.OB


Cttl1TalO, LITO aBTOp pa60TbI - Mapl1Ha J!lBaHoBHa EAPKOBA 3aCflY)KI1BaeT 

npI1CY~llCHI1~ e~ I1CKOMO~ yyeHO~ CTeneHI1 KaHlll1llaTa XI1MI1YCCKI1X HayK no 

CneUI1aJ1bHOCTI1 02.00.04 - cpI1 3W{eCKa~ XI1MI1~. 

BOflOIUYK Aflb6epT MI1Xa~flO BI1 q 

119071 MocKBa, neHI1HCKI1~ npocneKT, n.3 1, Iwpn. 4. 

TeneclJoH 8 (495) 95 5 46 49 

E-mail : avoloshchuk@rambler.ru 

c.DenepanbHOC r ocynapCTBeHHOe 6fOll)KeTHOeo Yl1pe)KneHl1e HayKI1 

J!lHCTI1TYT (pI13W{eCKO~ Xl1iV11111 11 3JleI<TpOXl1iVII1I1 

11M. A. H. c.DpYMKI1Ha PAH (J!lc.DX3 PAH) 

fnaBHbIM HaYYHbI~ COTPYD:HI1K, llOKTOP XI1Ml1l1eCKI1X HaYK 

11.r. BapwaBcKa~
~j 
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