OT3bIB
/IEHa JIMCCEePTALIMOHHOIO COBETa HAa JMCCEpTaLMio POoCTOBLEBOI Banepun AnexceeHs Ha TEMY
“Binsnne 3Be3nooGpasHbix MOJM(UKATOPOB Ha (PM3MKO-XHMHYECKME CBONHCTBA W TPAHCIOPTHbIE
XapaKTCPUCTHKM  MepBanopalMoHHeIX  MeMGpaH MpH  pasieCHHH  BOJHO-OPraHMYecKuX cpena”,

MPEICTABICHHYIO HAa COMCKaHME YYEHON CTEMEeHN KaHAMAATa XHMHYECKHX HayK 1o crenmansHocTH 1.4.4,

QuznyecKkas XUuMH

O6BbeKTamMK AMCCEPTALMOHHOTO HCCIe 0BAHNMS PoctoBuesoit B.A. “Bausinue 3Be3/1000pa3HbIX
MOIM(HUKATOPOB  HA  (MIMKO-XHMHYECKHE  CBOMCTBA M TPAaHCMOPTHBIE  XApPaKTEPHCTHUKH
NepBanopalMoOHHEIX MeMOpaH npu paszesneHuH BOTHO-OpPraHWYECKHX Cped” ABIAIOTCS HENOPHCThIe
MOJIMMEpHbIe THOPH/IHBIE MeMOPaHBI, NMOJTyUeHHbIE MyTeM MOAM(HMKALHMHU JOCTYIHBIX MPOMBILLIEHHBIX
MONMMEPOB 3Be371006pa3HBIMM MaKpOMOJIEKYIaMH, conepxamnmMu dynanepen Ceo. Ocoboe BHHUMaHHEe
YACTACTCA ACTANbHOMY (PH3UKO-XHMHYECKOMY M3YHEHHIO CBOHCTB pa3paboTaHHBIX MaTEpUAIIOB, a TAKKE
aHa/M3y  TPAHCTIOPTHBIX MapaMeTpOB B  XOAe MeMOPaHHOro pasmeneHus. Takum obpasom,
AMCCepTaLMOHHasA paboTa MOTHOCTBIO COOTBETCTRYET CrieuManbHocTy 1.4.4. Dusnyeckas XUMuS.

AKTYalIbHOCTb IMCCEPTALUMOHHOM PaBoThI OTPEACIIACTCA TEM, YTO B paMKaxX €€ BBITIOJHEHMS
auccepraHToM  OblIM  pa3paboTaHel  HOBBIE NepBanopauloHHble  MeMOpaHbl ¢ yayYIIEHHBIMHU
Pa3JC/IMTETLHBIMH CBOHCTBAMH, YTO PacIIMPAET ACCOPTUMEHT BO3MOIKHBIX MaTepHasIOB Ul IPHMEHEHUS
B TIpOLieccax pasjie/ieHus, a Takxke TMONOJHACT JaHHBIE O BAMSHHU MOIH(HKATOPOB PasIH4HON MPHPOLIbI
Ha (M3MYECKHE CBOWCTBA M (PM3HKO-XMMHYECKHE nmapameTpbl MeMOpaH. [lpoBenennble auccepranToM
IKCMEPUMEHTAIIBHBIE MCCNIEIOBAHUA MO BJIMSHUIO 3BE31000pasHbIX MaKpPOMOJIEKYJI, CONEPKALINX JTy4H
MOMCTHPONA, a TakKe NONU-TPeTOYTHIMETaKpHIaTa, NONMMepa — NONU-2-BUHWITIIUPHIMHA W MX
Gnokcononumepa, umeroT Gobiuoe Hay4HOE M MNpAaKTHYeCKoe 3HaueHHe B cdepe 06e3BOKHBAHMS
OpraHW4eckux pactsoputeneid. TemaTHka awuccepraumMu oTBeyaer MPHOPHTETHOMY HArpaB/IEHHIO
PA3BUTHA HAYKH, TeXHOJNOrHH H TexHHKM B PD «DHeproaeKkTHBHOCTD, 3HeprocOepeKeHue, saepHas
SHEPreTHKay, a TakXKe COOTBETCTBYET HarpaBieHuio « TeXHONIOrMH Co3aaHms 3HEeprocOeperawIux CHCTEM
TPaHCIIOPTHPOBKH, pacnpene/ieHus M UCroNb30BaHUs SHepruu» u3 [epeurs KPHTHYECKHX TEXHOIOTHUid
Poccuiickoit Denepanum.

B Xome muccepraumMoHHOro Mccnenosanus Gbui NPUMEHEH IIHWPOKHA CMEeKTP METOMOB JUIsA
M3YHEHHS CTPYKTYPBI W CBOHCTB pa3pabaTbiBaeMbIX MeMGpaH, MomyyeH GOJBIION KOMIUIEKC HayuHbBIX
PE3y/ILTATOB, & TAKKe MPOBE/ICHa IeTa/lbHAs M XOPOLIO 0G0CHOBAHHAsA HHTEPIIPETALIUS 1 CHUCTEMAaTH3aLUs
MOMYHEHHBIX IaHHBIX, YTO MO3BOIKIIO CHOPMYIIUPOBATH C/IEYIOIHME MONOKEHHUS, T0TyYeHHbIe BIICPBEIE:
~ pa3paboTaH Hay4HO-METOIMYECKHI MOXO K TIOMYYEHHIO HOBBIX MEMOpaHHbBIX MaTepHaIOB Ha OCHOBE
MPOMBILLICHHO BBIITYCKAEMBIX MOJUMEPOB (mosH(2,6-aumeTws-1,4- enunenokcuaa (IMPO) u momu(m-
(erunennsodranamuna) (IMA)) nytem wux MOJH(GHKALMH JIBEHALATHITYYEBbIMH 3Be371000pa3HBIMU
MaKpOMOJIEKylaMH, LEHTPOM BETB/IEHUS B KOTOPEIX sBisieTcs dyineper Ceo, Ui PELIEHHUs BaXKHbIX
TCXHOJIOTHYECKMX  3aflad Mo  pasfe/ieHHI | KOHLIEHTPUPOBAHUIO  BELIECTB  Pecypco— H
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~ BICPBbIC YCTAHOBIICHO BIIHSHHE 3BE31006pa3HbIX MaKpOMOITEKY T Kak MOAN(DHKATOPOB Ha CTPYKTYpHBIE,
MEXAaHHYECKHE, COPOIIMOHHBIE M TPAHCTIOPTHEIE CBOMHCTBA MemOpan Ha ocHose 1A u TTDO:

 BICPBLIE BRIABICHO BIMSAHHME MPUPObI MOMUMEPHBIX JyHel (nonucTuposn, nonu-2- BUHUIITTUPHIHH,
MOMK-TPeT-Oy TWIIMETAKPUIIAT, COMOTHMEp I'IOJIH-2-BPIHHJ1HHpHﬂHH-6HOKHOJ'IH-TpE,T-ﬁyTHJIMeTal(pPIJIaTa)
Ha QU3MUECKHE H TPAHCTIOPTHBIC CBONMCTBA memOpaH B mporeccax NepBanopatmu;

~ Ha OCHOBC (M3MKO-XMMHYECKMX M TPAHCIOPTHBIX XapaKTePHCTHK MOJTyYeHHBIX MemOpaH ObLTH
OMpeAcIeHbl ONTUMAIbHBIE KOIMYECTBA M XMMHYECKHI COCTAB 3B€371000pasHbIX MOAM(HKATOPOB B
memOpaHax, TNpH KOTOphIX Hambosee 3(PeKTHBHO MporcxoasT mpouecch nepBanopaLyoHHOro
pasfiesieHns JKHIKAX CMeceit;

~ BIEPBbIC 1% (POPMHUPOBAHHS TUBPUAHBIX MeMOpaH MONy4YeH WHHOBALMOHHBIH KOMIUIEKCHBIH
MOIM(HUKATOP, COCTOSIUMI M3 PaBHBIX KOJMYECTB FETEPOTYHEBbIX 3BE31000pa3HBIX MaKpOMOEKY/ W
WOHHOM KMIKOCTH;

MOMYHEH KOMILIEKC HOBBIX Pe3yJIbTAaTOB M0 aHATH3Y TPaHCMEMOPAHHOro NepeHoca MpH MCToNb30BaHHH
MepBanopalMoOHHOro METOa pasjie/ieHus.

Hucceprauns  Pocrosuesoiit  B.A. coctout 3 BBCACHHA, JUTepaTypHOro ob3opa,
IKCNICPUMEHTANLHOH  4aCTH, Pe3Y/bTaTOB M MX OBCYKIEHWS, BBIBOZOB M CIIHCKA MCIIONB3yEeMO
JNTEpaTypbl, BKIO4aKowero 173 myHkra.

Bo BBenenum oGocHOBaHBI aKTyanbHOCTB, HOBM3HA U BBIOOp METONOB McchenoBaHHs,
MPEACTAB/CHDI LIE/Ib M 3a/1a4H HCC/IE10BAHMS, IPUBE/IEHBI PE3yIIbTATHI anpobaimu paboTel, B TOM umcIie
MmyGIMKaLKMK 110 TeMe paboThl M MOTHBIN CIIHCOK Te3HCOB KOH(EpeHLHH, Ha KOTOPBIX GbLTH NIpeCTaBIEHbI
pesyJbTaThl paboThl.

B nureparyprom o630pe NPONEMOHCTPUPOBAHb! (DYHAaMEHTATbHBIE OCHOBBI IH(B(Y3HOHHBIX
MeMOpaHHBIX METO0B, OCHOBHbIE TEHACHIMM W npobemMbl pa3paboTku mMeMOpaHHbIX MaTepUasoB,
OMHMCaHbl BaXKHbIC 00/IACTH NPUMEHEHHS MEPBAaNoOPaLH B MPOMBILLIEHHOCTH. B uenom, 0630p xopowo
CTPYKTYPUPORAH U TMO3BOJIAET NOJY'YHTE HarJIAJHOC [PEACTABJIEHHE O COBPEMEHHOM COCTOSHHH
MCCIIEIOBAaHHH W aKTyalbHbIX 3a/1a4 B JaHHON 06/1aCcTH.

OKCIIEPHMEHTAIbHAS YaCTh ONMHUCHIBAET O6BEKTHI MCCIIENIOBAHUS M MCIOJIB30BaHHbIE B paboTe
METObI MX H3y4eHus. JletanbHoe npencraBnenue pa3spaGoTAaHHBIX METOIMK MOTy4eHUs THOPHUIHBIX
MeMOpaH W HCMOJb30BaHHe B paboTe COBPEMEHHOrO TEXHOIOMHYHOTO 060py10BaHHMs 103BOJIAET CENaTh
3aK/TIOYEHHE 0 HAZIeXKHOCTH M I0CTOBEPHOCTH TIOJTYHEHHBIX Pe3yTbTaToB.

[Tomyuennbie pesynbTathl pasdurtel Ha HeThIpe noapasfena, Kakablii U3 KOTOPbIX MOCBALIEH
CreyomnmM o6beKTaM HCCIIe0BAHMA: MeMOpaHaM Ha OCHOBE nomudeHnneHokcHaa ¢ 1o6aBieHneM
FHOPHIIHBIX  3Be371006pasHbIX MaKpOMOJIEKyJl  pa3sHOro cocTaBa, memOpaHbl Ha OCHOBe mONH(M-
(penunenusodranamuna) ¢ nobasnenuem rUOPHIHBIX 3Be31006pa3HbIX MaKpOMOJIEKYJI, IHOPHIHBIM
mMemOpanam ¢ 100aBjieHHEM KOMILIEKCHOTO MOIM(HKATOPa, CONEPKALIEr0 MOHHYIO KHAKOCTh, K
HanGo/iee 3HAYMMBIM PE3y/ILTATAM AMCCEPTALIMOHHOIO HCCIEI0BAHNS MOKHO OTHECTH CJIEaYIOLIHE:

— Ha OCHOBE TMOJIy4eHHBIX (HIUKO-XUMHYECKHX XapaKTepUCTHUK BrnepBbie OblUl MOKa3aH BBICOKHIA

TMOTCHLMAN  BHEAPEHHs 3BE31000pasHbIX MaKpPOMOJIEKYN MpH  CO3JaHMH rHOpUAHBIX MeMOpaH.
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YCTaHOB/IEHO, YTO BHeIpeHHe K/1acTepoB 3B€371000pasHBIX MaKpOMOJIEKY.l B MOJIUMEPHYIO MaTpHLLy
TIPUBOIMT K M3MEHEHHMIO CTPYKTYpbI MeMOpaHbl W3-3a HApYIICHHS MCXOHOH YNAKOBKHM MOJMMEPHBIX
LIeMeH, BCIEACTBUE HEro BOIMOKHO 0Gpa3oBaHME 30H MOBBILICHHOI PacTBOPMMOCTH M (HOPMHpPOBaHHE
YTOPAAOUEHHOH CHCTEMBI TPAHCTIOPTHBIX KAHAJIOB!

~ YCTAHOBJICHO, YTO BBCACHHME 3BE31000PA3HBIX MaKpOMOJIEKy/l B MATPHILy COCOGCTBYET yiTyHILEHHIO
MPOM3BOANTE/ILHOCTH MEMOPaHbl M 3HaYMTENLHOMY YBEIMYEHHMIO (haKTOpa pasjieieHHs Kak mpu
Pa3/C/ICHHH BOJIHO-OPTraHHYeCKUX CMecel, Tak M NpPH pelleHuH 3a1aum yBEJIHYeHHA 3(PdeKTHBHOCTH
peaKIUmH sTepudUKaLmu;

— TNPEANOKEHHBINH KOMIIEKCHBIH MOOU(HUKATOP HAa OCHOBe 3BE€3/1000pa3HbIX MAaKPOMOJIEKYJl M HOHHO#
Auakocti [BMIM][Tf2N] okasasncs Bbicokos(dekTHBHBIM s NEpBanopaMOHHOr0 pas/ie/IeHHst BOHO-
OPraHU4eCKOi CMECH Y MO3BOMMI CHIPAaBMTBCS C npoGsieMoil cTabuIbHOCTH MeMOpaH npu gobaBneHun
HOHHOM HKUIKOCTH.

OTze1bHO X04y OTMETHTB, YTO MaTepuabi AMCCEPTaLHK XOpOLIO anpobupoBaksl. PesysbTaTsi
AMCCEPTALMOHHON paboThl NOKTaNbIBAINCE M OGCYKAATHCH Ha BCEPOCCHICKMX M MEMKIYHAPOIHBIX
Hay4HbIX KOH(epeHumsx. IlomyueHHsie pesyibTarsi Omy6/MKOBaHBI B WIECTH HAYYHBIX CTAThiX B
PELEH3HPYEMBIX OTEYECTBEHHBIX H MEXKIYHAPOIHBIX JKYPHAIAX, MHCKC HpyeMbix 6azamu naHHkIX Scopus
1 Web of Science, u 15 Tesucax noknanos na MEKIYHAPOAHBIX M BCEPOCCHHCKUX KOH(MEPEHLHUAX.

[To pesysbratam paGotsl k aBTOpY HMetoTCH CJIE/1yIOLLHE BOTIPOCHI H 3aMeYaHUs:
1. B mmccepraumnontoii paGote orcyterByer onmcanme METOJMKM CHHTE3a, a TaKKe JaHHbIe 10
XapakTepusaunn Ceo-COnEpKAIINX 3Be31006pa3HbIX Mosiekys. Kakum 06pasom 6b11 yeranosnen cocrap
AaHHBIX COEIMHEHHH, KakoBa MX uncToTa? [TouemMy HMEHHO OHH ObLTH HMCIMO/Ib30BaHbI U1 MOAU(DHUKALIH
NOJIMMEPHBIX MeMOpaH?
2. EcTe 1 mpeanonoxenue o ToMm, Kakum 00pa3oM MonMMepHbie MOJIEKYTbI MPHCOEAMHEHbI K
tynneperny Ceo? Kakum oGpazom TPOMCXOIMT accouraums 3Be3n000pasHbIX (yepeHcomepKammx
mosiekyn? Kakue B3aHMOACHCTBHA HIPAIOT KIIKOYEBYIO POJTb M KAKOBA reoMeTpHs KiiacTepos?
3. [Touemy nans  moaudukaumu noaMMepHbIX MembpaH Obui  BeIGpaHBI  3Be300GpasHbIe
bynnepenconepxamue MakpoMmornekyibl (Ww=2 u 5 %). Kakum 06pa3oM MOKHO 06OGIIMTE MeXaHHU3M
AEHCTBHA HAHOMOIU(HUKATOPOB?
4. B sKcniepuMenTabHOM YacTH He NpescTaBieHa MeToaMKa pactera cBo6o1HOro o6bemMa MeMGpaH.
- Ha Puc. 32 npencrasiesa kpusas paBHoBecus KUAKOCTb-NAp 1/ CHCTEMBl BOJA/yKCyCHas
KHCJI0Ta, HO €¢ ONMCaHKE, a TAK)Ke YIOMUHAHKE O Helf OTCYTCTBYIOT M B TEKCTe, M B TIOAMNCH K Puc.3?2.
6. B auccepraumuy uMeroTes oTaebHbIE ONeYaTKH M HETOYHOCTH. Hanpuwmep, Ha cTp. 59 HenpaBuibHO
HanucaHa (amunus ['mnpaeGpanaa, a Ha ctp. 93 Ges JINTEPATYPHBIX CCHIIOK Npe/CTaB/IeHbl (GH3HKO-
XHMHYECKHE CBOUCTBA KOMITOHEHTOB Pa3/le/IeMOi CMECH.

YKasaHHble BbIlIE 3aMEYaHMs W BONPOCHI HE CTABAT MOJ COMHEHHE HOBHM3HY W 3HAYMMOCTh
nony4eHHbIX PocToBUEBOH B.A. pesy/ibTaToB M He BAMSIOT Ha MONOKHTETBHOE Bre4yaTieHHe OoT

AuccepTauroHHol paboTel. CoMcKaTenb BBIMOMHW 60BIION 06heM SKCTIePUMEHTA/IBHEIX paboT, npoBen



KOMIIEKCHOE JIOTHYHOE MCC/IeI0BaHHE W BHEC BKIA] B (hOPMHUPOBAHHE HOBBIX MPHHIIMIIOR pazpabotku
TEPMOCTOMKHMX M MEXaHHYECKH NPOYHbIX NOJTUMEPHBIX HAHOMOAMDHLIHPOBAHHBIX CTPYKTYp.
Hucceprauns PocroBuesoii Banepun AnekceeBHbl Ha TeMy: «Biusnue 3Be3snoo6paszHeix
MOJH(HUKATOPOB  Ha (usmMKo-xuMHYeCKHE  CROMiCTBA M TPAaHCIOPTHBIC  XapaKTEePUCTUKU
NepBanopauHoHHbIX MeMOpaH NMpH pasneneHuu BO/IHO-OpPraHHYECKUX CPea» COOTBETCTBYET OCHOBHBIM
TpeGoBanuaAM, ycTaHOBNEHHBIM [Tprkazom ot 19.11.2021 No 11 181/1 «O nopsike npucykaeHus yuersx
crenenedi B Cankr-TletepGyprekom rocymaperBeHHOM YHHBEPCHUTETE), COMCKATENlb 3aciTy)KMBaeT
MPUCYAIEHUA YYECHOH CTENeHW KaHIMAATa XMMHYECKHUX Hayk 1o crneuuansHoctH 1.4.4, ®usuueckas

xumus. [IyukTol 9 u 11 ykasannoro IMopska JAUCCePTaHTOM HE HapyIUEeHbI.

Ynen nuccepraumoHHoOro coBera,

3aBCAYIOWMI Kadeapoii obuieit n GHoopraHuyeckoi XUMHH,
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