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AHHOTAIIMU MarucTEPCKUX JUCCEPTALMI HA aHTJIMICKOM SA3bIKE

English versions of the theses annotations 47

O IMOAI'OTOBKE MAT'NCTPOB
HA ®AKYJIBTETE HAYK O MATEPHAJIAX MI'Y

®daxynpTeT HAyK O MaTepuagax — 3TO MEXAUCUUIUIMHAPHOE yueOHOe 3aBe-
JIeHHe, 3aJadyeldl KOTOpOro SIBJIIETCS MOJrOTOBKAa BBICOKOKBAIM(HUIIMPOBAHHBIX
CHEIHNAUCTOB, CIOCOOHBIX MPOBOAUTH MCCIECIOBAHMS B CMEKHBIX OOJACTIX XU-
mMuH, GU3NKK 1 MexaHuku. 3a BpeMs oOydenuss Ha ®HM cryzaents! npuoOpera-
I0T YCUJIEHHYIO OOIIEHAYYHYIO MOATOTOBKY M XOPOLIME HABBIKM IKCIIEPUMEH-
TaJdbHOU pabOTHI.

@axynbTeT HAYK O Marepuaigax MPOBOJAUT O0yYEHUE CTYAECHTOB MO JIBYX-
CTyneH4yaTol (OakajgaBp-mMarucTp) cucTeMe MOAroTOBKM cnenuaiuctoB. B 2009
roAy MpOoLIEN BBITYCK MEPBbIX MAarucTpoB o HampasiaeHuto 020100 — «Xumus»
(marucrepckas nporpamma «Xumus TBepaoro rtenay). C 2013 roja BelTyCKaroT-
Cs MaruCTpbl, MPOLIEAIINE MOATOTOBKY M0 YKa3aHHOW IIPOrpaMMe, peajin3yeMoi
B paMKax coOcTBeHHOro oOpazoBarenbpHoro crangapra MI'Y (OC MI'Y) no Ha-
MPABICHUIO « XUMHUS.

[IporpaMMa nmoAroTOBKM MarucTpoB BKJIIOYAET B ce0sl 6a30BYIO 4acThb, CO-
CTOSALIYIO U3 LUKJIA OOLIEKYIbTYpHON NOAroToBKU («®Puiaocodpckue BOIpock! ec-
TECTBO3HaHUs», «OCHOBBI HAYYHOI'O I1€peBOJ1ay, « KOMIBIOTEpHBIE TEXHOJIOTHUHU B
Hayke ¥ o0pa3oBaHHUM»), a Takxke npodeccuonanbHoro 1ukia («IlepcnekruBabie
HEOpPraHWYEeCKUEe MaTepuaibl CO clenuaibHbIMU (QyHKUUAMUY», «COBpEMEHHbIE
npobsieMbl MaTepuanoBeeHus», «Mcropus U METON0JIOTHS HAyKH O MaTepua-
nax», «MeTouKa npenoJjaBaHusl €CTECTBEHHOHAYYHBIX AUCIUIUIMHY, CIIEHITPaK-
TUKYM «MeTOoIpl AMATHOCTUKH MaTepuanoB», 4 3ad.eq./80 yacoB 1abOpaTOpHBIX
3aHATHI, B paMKaxX KOTOPOrO 3HAKOMATCS C OCHOBHBIMHM HPHUHLMIIAMH PaOOThI
COBPEMEHHBIX MNPUOOPOB, NPHUMEHSEMBIX TPU  HUCCIAEAOBAHUM  (PUIMKO-
XUMUYECKUX U MEXAHMUYECKUX CBOMCTB MarepuasoB). BapuaTuBHas yacth Mmoj-
TOTOBKH COJAEPKUT JIEKIIMOHHBIE KYPChl AUCIUIUIMH MaruCTepCKol MpOorpaMmbl
(Takue xak, «CynpaMosieKyssipHas XuMus», «buoneoprannueckas xumusy», «Ko-



opanHanuonHas xumusa. CoBpeMeHHbIE acneKTs», «Hanoxumus», «Mertamnoop-
raHuyeckasi XuMus», 6 3ad.ell.), COCIKYpPChl 1O BBIOOpPY cTyaeHTa (5 3ad.en.), a
TaK)K€ MPAKTUYECKUE 3aHATHUA, TO3BOJISIIONIME CTYJACHTaM OCBOMThH Pa3HOOOpas3-
HbIE€ METOJIbl CUHTE3a BEILECTB U MAaTEpUajOB B paMKax cleunpakTukyma «Me-
TOJABI MOdy4YeHus: matepuanoBy (5 3ad.en., 108 yacoB 1a0OpaTOPHBIX 3AHATHI).
Maructpantsl 2 roga OOydyeHHUs HPOXOJAT 3aKJIIOUUTENIBHYIO, PaCIIUPEHHYIO
4acTh CIEUIIPAKTUKYMA 10 COBPEMEHHBIM IIpUOOpaM Jyis IMarHOCTUKN MaTepHa-
70B (Tak Ha3biBaeMblid «IIpubopHbIi pakTUKym», 18 3ad.en./180 yacor mabopa-
TOPHBIX 3aHATHI), OCHOBHOM 3aJlaueil KOTOPOro SIBJISIETCS MOJArOTOBKA BBICOKO-
KBaJIM(UIMPOBAHHBIX I0JIb30BaTEIEH (OMEPaTOpOB) AJISL CaMOCTOSITENIBHON pa-
OOThI Ha BIIOJIHE KOHKPETHOM CJIOKHOM Hay4HOM oOopynoBaHuu. Cienyer oT-
METHUTb, UTO OOBEKTAMHU aHATUTUYECKOTO UCCIIEJOBAHMSI B X0JI€ BBIIIOJHEHUS 3a-
Jla4 CHELNPAKTUKYMOB SIBJIIIOTCS, B 3HAUUTEIBHON Mepe, BEIlecCTBa U MaTepHa-
JBI, CO37]aBacMble B paMKaxX MPHOPHUTETHBIX IS (DaKyJIbTeTa HayYHBIX HAIpPaB-
JICHWI, pa3BUBaeMbIX Ha (DaKyJIbTETCKHX Kadeapax HaHOMATepUaloB (3aB. Ka-
dbenpoit — un.-xopp. PAH, npod., n1.x.H. E.A. I'yauiuH) u MeXIUCIUIUIMHAPHOTO
MaTepuanioBeneHus (3aB. kapeapou — akaa. PAH, npod., a.¢p.-m.H. B.M. Hes-
JIEB).

Crynentst ®HM uUMEIOT YHUKAJIbHYIO BO3MOKHOCTh OCYLIECTBIIATh HAYU-
HYIO JIEATE€IbHOCTh U BBIMOJIHATh KBAM(PUKAIIMOHHBIE PA0OTHI HE TOJBKO B MOJI-
paszaeneHussix MOCKOBCKOIO YHUBEPCUTETA, HO U B KPYNHEHIIMX HAy4YHBIX LIEH-
Tpax Poccum, B 3apyOeXHBIX HAy4HBIX IIeHTpax. HamaauTh HaydHbIE KOHTAKTHI
ITO3BOJISIFOT CTaXXKUPOBKH, KOTOPBIE B PAMKAX HAYYHO-IIPOU3BOJICTBEHHOM Ipak-
THUKHU MPOXOJAAT BCE CTYJICHTHI MIEPBOIO I'0Ja MarucTparypsl. Takue cTa)kxupOBKH
MO3BOJISIOT CTYJACHTaM 3HAKOMUTHCS C pabOTON BEMyIIMX HAYYHBIX KOJIJIEKTH-
BOB, Pa3BUBATh CBOM HABBIKM MaTEPHUAJIOBEAOB-UCCIENOBATENEN B pAMKaX pas-
HBIX Hay4HbIX IIKOJI, @ BO BPEMS 3apyOEKHBIX CTAKUPOBOK — €ILI€ U MPAKTUKO-
BaThCsl B OOLIEHWHU HA MHOCTPAHHBIX s3bIKax. Bo BpeMsi MpakTUKU CTYJEHTHI
o0oraiarTcsi Hay4YHbIMU HJIESMHU, 3aKIaJbIBaIOT (YHAAMEHT CBOEH Hay4dyHOH
penyTainuu s CIeAyoluX YpoBHEH oOpa3oBaHus (aCUpaHTypa, JOKTOPAHTY-
pa).

B marucrtpantbel-BbilyckHUKH 2015 roga mpoxoauiau MpakTUKY B TaKHX
KPYIHBIX Y4EOHO-HAy4YHbIX W HAy4yHBIX IIeHTpax Poccun kak MHCTUTYT meTai-
naypruu u MarepuanoBenenus PAH, MHcTuTyT 00111€# 1 HEOpraHu4eCcKo XuMUH
PAH, UucturyT pusuku tBepaoro tena PAH, ®enepanbHbiit METUIIMHCKUIN HC-
clenoBaTenbCKuil 1eHTp uMeHu B.A. AnmasoBa, MHCTUTYT OMOOpraHnyecKoin
xumun umeHn AxkagemukoB M.M. Illemsknna u HO.A. OBunnaukoBa PAH, 1n-
CTUTYT 3JIeMeHTOoOpranndeckux coequnenuit PAH, Uncturyt Hedrexummuecko-
ro cunre3a PAH, HanmoHnanbHeiil nccinenoBaTenbCkuii TOMCKHNM TOCY1apCTBEH-
HBI YHUBEPCUTET.
3apyOexHyI0 CTAXHPOBKY B TEKYILEM TOAY CTYJACHTHI IPOXOIAMIN B TAKUX y4eO-
HO-HAy4HBIX U Hay4yHbIX LeHTpax kak Univerity of Duisburg-Essen (I'epmanust),
National Institute for Materials Science (SInonus), University of North Carolina
ati Chapel Hill (CIIIA), UccnenoBarenbckuii neHtp Nissan (Smonust), Ruhr Un-
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iversitdt Bochum (I'epmanust), University of Helsinki (®unnsanus), Drexel
University (CILIA).

BaxxHbIM (hakTOpOM, CIIOCOOCTBYIOIIMM Pa3BUTHIO TBOPYECKOW aKTHUBHO-
CTH CTYICHTOB, SIBIIICTCS TO, YTO HaydHas paboTa BXOIUT B y4ECOHBIN IUIaH.
dopMa OTUETHOCTH — O00s3aTeIbHBIC CTYJACHYCCKHE KOH(EpPEHIIUH, KOTOpHIS
MPOBOJISATCS 110 OKOHYAHUU Kaka0ro cemectpa. O BBICOKOM HAyYHOUM aKTUBHOCTHU
CTYJICHTOB CBHJIETEILCTBYET OOJIbIIOE KOJMYECTBO IMyOJMKAIMH B HAYYHBIX
KypHajax, a TAkK€ y4acTUe CTYJCHTOB B POCCUHUCKUX M MEXKIYHAPOAHBIX Hay4-
HBIX KOH(pepeHuusax. Ob61iee ynuciao myoJIuKauil BEITYCKHUKOB MarucTpaTyphl 3a
2011-2015 rogs! npeACTaBICHO B TAOJIHIIE.

2010 [ 2011 (2012|2013 ]2014

YHCI0 CTYACHTOB, 3aIUIIABIINAX TUTLIOM 17 23 21 23 18
Yucno pabot, BeIMOIHEHHBIX B MHCTUTYTax PAH 1 3 0 1 0
Yucno CTyeHTOB, IMEIOIIUX Ty OIHKAIIH 17 21 20 | 21 16
OO01iee yucIio myoauKaIui, 283 | 342 | 222 | 247 | 132
W3 HUX CTaTeH, 80 64 52 54 29
3a51BOK HA IIATEHT 2 1 0 0 1
MaTEHTOB 2 6 0
YHCII0 OIICHOK «OTIIHYHOY 12 18 | 20 | 20 | 14
«XOpOoUIo» 4 4 1 1 3
«YIIOBJIETB.» 1 0 0 2 1
«HEYJOBJL» 0 1 0 0 0
Yucno pador, ormedennbix ['AK 4 4 4 S 5
Yyciio JUIIIOMOB € OTIIMYHAEM 7 5 7 15 7
YuCI0 BBIMTYCKHUKOB, MTOCTYITHUBIIHNX 11 10 12 10 11

B acnupantypy PHM

B 2015 rogy marucrepckue aguccepraiuu OyayT 3amuniath 19 BeITyCKHU-
koB. O0miee uncino ux myoaukanuii cocrabisgeT 196, uz aux 32 crareit, 4 maTeH-
Ta Ha U300peTeHre W 3 3asiBKU HA MAaTEHT. MarucTepcKue ITUCCEPTAIMHU BHITIOJ-
HSJIMCh Ha Kadeapax HeOpPraHWYeCKOW XHMHH, BBICOKOMOJICKYJISIPHBIX COSIUHE-
HUN, XUMUYECKON TEXHOJOTUM M HOBBIX MATEPHUANIOB, SH3UMOJIOTHH, OpraHuye-
CKOM XMMHH U paguOXUMHUH XuMHYeckoro gakynsreta MI'Y, Ha kadenpe HaHO-
matepuasioB ®HM MI'Y, 8 MOHX um. H.C. Kypnakosa u UMET um. A.A. baii-
koBa PAH.

OnenuBath paboThl OyA€T BBHICOKOKBATH(DHUIMPOBAHHAS M OOBEKTHUBHAS
Komuccusi,  Bo3rnasisiemass ~ JUPEKTPOM NHctuTyTa  CTpYKTYpHOM
MakpOKMHETUKM U mOpobiem  marepuanoBeneHuss  PAH,  uneHoM-
koppecnonaeHToM PAH, NOKTOpOM XMMHYECKMX HAyK AJIBIMOBBIM Muxauiom
NBanoBuueM. B coctaB Komuccuu, Hapsgy c¢ npenoaaBarensimu OHM wu
XMMHYECKOTO (aKysbTeTa, BXOJIAT NpeAcTaBUTeNu Poccuiickoil akaneMun Hayk,
BEyIIAE ClIENHUAINCThl HHCTUTYTOB PAH.




COCTAB

TOCYJAPCTBEHHOM ATTECTAIIMOHHON KOMHUCCHUH

ANBIMOB
Muxaun Banosuu
(npencenarelb)

yieH-kopp. PAH, 10KTOp T€XH. HayK,
npod., mupextop NUHCTUTYTA CTPYKTYpHOU
MaKpOKHHETHKH U TIPOOJIEM MaTepruaaoBe-
nenus PAH

2. | ConnueB Koncrantun akanemuk PAH, noxrop xum. Hayk, nmpod.,
AJIEKCaHAPOBUY n.o0. nekana PHM MI'V
3. | UesneB akagemMuk PAH, noktop ¢u3.-Mar. Hayk,
Banentnn Muxannosuu npod., 3aB. kahenpoit, DHM MI'Y
4. | HoBoTopiieB akanemuk PAH, noxrop xum. Hayk, npod.,
Brnagumup Muxainosuu nupexTop MHctuTyTa 00111e# 1 Heopranu-
yeckoid xumu PAH
5. | HuBamze akanemuk PAH, noxrop xum. Hayk, npod.,
Acman IOcynosnu aupektop UHcTtuTyTa GU3NYECKO XUMUH U
anektpoxumuu PAH
6. | AHTHUIIOB yieH-kopp. PAH, noktop xuM. Hayk, npod.,
EBrennii Bukroponu 3aB. kadeapoi, xumuueckuit G-t MI'Y
7. | boriHOBHY yieH-kopp. PAH, nokrop ¢us.-mar. Hayk,
JIropmuna bopucoBHa 1. Hay4H. coTp. UHCTUTYTa r3mdeckon
XuMuu U 3nekrpoxumun PAH
8. | I'ynunun yiieH-kopp. PAH, nokrop xum. Hayk, npod.,
EBrenuii AnexceeBud xumuueckuit -t MI'Y
9. | MewmankuH 1. kopp. PAH, nokrop TexH. Hayk, nmpodec-
Banepuii ITaBnoBuy cop, nupexkrop MU-JIPTU, 3aB. kadenpoii jo-
ructuku PXTY
10.| Yekmapes yneH-kopp. PAH, a.1.1., npod., HayuHbIN
Anekcanap MuxanoBud pykoBoauTens MHCTUTYTa MaTEpUaIoB CO-
BPEMEHHOW YHEPIreTUKU Y HAHOTEXHOJIOTUH
PXTY um. JI.. Menpaeneea
11.]| FOproB yiieH-kopp. PAH, nokrop xum. Hayk, npod.,
EBrennit BacunneBuu PXTY nm. JI.1. Menneneena
12.| TananaeB NBan yieH-kopp. PAH, nokTop xumuy. HaykK,
['ynnapoBuu mpod., UGXD PAH
13.| JloOGpoBOIBbCKHIA JIOKTOP XHUM. HayK, mpodeccop, 3aB. 1abo-
IOpuit AnaronseBnu patopueit, MTHCTUTYT npoOsieM XUMMUYECKON
¢uzuku PAH
14.| Epémun JIOKTOp (hU3.-MaT. HAYK, IpOod., XUMHUYE-
Bagum Brnagumuposuu ckuid -t MI'Y
15. | UBanoB Binagumup IIOKTOP XUM. HayK, 3aM. qupekropa MucTu-

KoHcTanTHHOBUY

TyTa O0IIe 1 HEOPraHUYECKOW XUMUU
PAH

6




16.| KHOTBKO JOKTOP XUM. HayK, B.H.C., XUMUYECKUN {-T
Aunexcanap BanepbeBuu MI'V

17.] KonmakoB IOKTOP TEXH. HAYK, 3aM. qupekropa MHctu-
Anexceit ['eopruesny TyTa METAJLUIyPrUU U MaTepUATIOBEACHUS

PAH

18.| UyparynoB JIOKTOP XUM. HayK, IPOd., XAMUYECKHUMA (-T
bynar PaxmeToBnu MI'Y

19.| llleBenbkoB JIOKTOP XUM. HayK, Ipo@., 3aB. Kadeapoi,
Annpen Bnagumuposuy xumuudeckud -t MI'Y

20. | FOpoBckas JIOKTOP XUM. HayK, Ipod., XUMUIECKHUHA (P-T
Mapuna Ab6pamMoBHa MI'Y

21.| Pymsannesa Mapuna JOKTOp XUM. HAyK, IPOd., XHMUYECKUIA (-T
HukonaeBHa MI'Y

22.| Smuna JOKTOP XUM. HayK, B.H.C., XUMUUYECKUHN ({-T
Jlama BanepbreBHa MI'Y

23.| I'apmies KaHIUAaT XUM. HayK, noueHt, DHM MI'Y
Anekcen Bukroposuu

24. | Ilytnsies KaHJWJaT XUM. HAyK, IOLEHT, XUMHYECKHUI
Banepuii l1BanoBuu b-TtMI'Y

25. | Konecnuk NUpuna KaHIUAAT XUM. HayK, accucteHt, ODHM

BanepbeBHa
(cexperapn ['AK)

MI'Y




PACIIMCAHUE 3AIIIAT MATUCTEPCKHUX TUCCEPTAIIAM
CTYAEHTAMM ®HM B 2015 1.

26 mas (BTOPHHK)

PUO Tema padoThl Mecto PykoBoaurenn Penenszenr
JAHUIIVIOMHHUKA BbBIITOJTHCHUSA
padoThbl
Kansxuna CuHres, CTpyKTypa | 1a0. XUMUU K.X.H., I.X.H., Ipod.
Anéna u Goroduzmueckue | KOpI. coen., JOKTOPaHT Bananze C.3.
CepreeBHa cBoiicTBa propben- | kad. Heopra- YTouyHuKOBa | Kad. opraHuu.
30aTOB JAHTAHUJOB | HUY. XUMHHU, B.B. XHUMHWH, XH-
C pa3NUYHOH CTe- XUMHUY. (-T Mud. -1
neHsio propuposa- | MI'Y MI'y
HUS JIUTaH1a
benona Peaxkuuu BoccTa- 71a0. HeOpraHwd. | K.X.H., C.H.C. K.X.H., M.H.C.
Anuna HOBJICHHS KHUCIIO- MaTepHUalIoBe- Ntkuc .M. Huxutun
HropeBna ponaa Ha yriiepo- neHus, Kad. O.M,, kad.
HBIX 3JIEKTPOJIax B | HEOPraHWY. XU- OpraHud. Xu-
aIpPOTOHHBIX Cpe- MUH, XUMHY. MUH, XUMUY.
Jax ¢-Tt MI'Y ¢-t MI'Y
3axap4yeHKO Mopdomorus mu- 71a0. HEOpraHWd. | K.X.H, C.H.C. J.X.H., 3aB.
TarbsiHa TUN-COACPKALIUX MaTepHUaIoBe- Ntkuc .M. na0. [Ipuxon-
Koncrantu- MPOyKTOB BOCCTa- | JAeHUs, Kad. yeHko [1.B.,
HOBHa HOBJICHHS KHUCJIO- HEOpraHuy. Xu- NOHX uwm.
pola B anpOTOHHBIX | MUU, XHUMUY. H.C. Kypna-
cpenax b-t MI'Y koBa, PAH
SnpeiHues CuHTE3 U aHHOHO- JIa0. meTo1OB K.X.H., C.H.C. K.X.H., C.H.C.
Anexcen OOMEHHBIE CBOMCT- | MOJTYYCHUS U bapanuukoB | Promun M.A.,
JAMUTpUEBUY | Ba CJIOMCTHIX TH]I- TUArHOCTUKU AE. 71a0. TepM.
POKCOCOEIMHEHU | HaHOMaTepua- aHaiM3a U Ka-
PpEeIKO3eMENIbHBIX 108, MOHX um. JIOPUMETPUHU
JJIEMEHTOB H.C. Kypnako- NOHX nwm.
Ba, PAH H.C. Kypna-
koBa, PAH
MapTtsiHOBa CuHre3 mopucTeix | Ka. HaHOMaTe- | K.X.H., acc. J.X.H., JOLEHT
Haranes IUICHOK 3010Ta it | puaso, @HM | I'puropsesa Bacuibes
Anexcann- MIPUMEHEHUS B MIY AB., 1.xH., ClO.,
poBHa CHEKTPOCKOIIUU npod. I'yau- | kad.snekrpox
TUTAHTCKOTO KOM- nuH E.A. MMHH, XUMUY.
OMHAIIMOHHOTO b-t MI'Y
paccesHUs




27 mas (cpena)

dPUO Tema padoTsl MecTo PykoBoau- Penenzenr
AUIMJIOMHHMKA BbITIOJIHEHUSI TeJdb
padoThI
CapeorueBa [TomudyHnkumo- ka¢. HaHomare- | I.X.H., mpod. | k.p.-M.H.,
Acs HaJIbHbIE MUKPO- puasnioB, ®HM | I'yaunun EB- | c.H.c. OcMuH-
CepreeBHa yacTulpl, fekopu- | MI'Y reauit Anek- | kuHa JLA.,
pOBaHHBIE cepel- CeeBHNY Kad. HU3KUX
POM, IS CIIEKTPO- TeMIeparyp u
CKOITUHU TUTAHTCKO- CBEPXIIPOBO-
ro KOMOWHAIIMOH- JIUMOCTH, (PH-
HOT'O pacCesiHus 3ud. p-t MI'Y
HMBamkos Ctpoenue u cBOM- nab.monmuMepu3 | K.X.H., IOIEHT | K.X.H., IOIICHT
Oner CTBA KOMILJIEKCOB anuoHHBIX TIpo- | Edumona Kupnos A.E.,
BanepbeBuu AHUOHHBIX JIUIIO- IIECCOB, Kad. AA; kX.H., | 7nab.pyHK-
COM ¢ OJIOKCOIIO- BBICOKOMOJIEK. c.H.c. Cri0a- AOHAJIBHBIX
JMMepaMu Ha Oc- coe/., XUMUH. yuH A.B. MOJIMMEPOB U
HOBE KBaTepHU30- | -1 MI'Y MOJIUMEPHBIX
BAHHOTO MaT-JIoB, Kag.
2-BUHWJITUPUIUHA BBICOKOMOJIE-
Y STUJICHOKCH/IA. KYJISIPHBIX
COEIMHEHHH,
XUMHAY. (-T
MI'Y
EpOB Cunres u cBoiictBa | JIab. MmeTomoB K.X.H., C.H.C. K.X.H., C.H.C.
Xypcann CMEILIAHHBIX a3p0- | MOJIYYECHUS U bapanunkos Hosukosa
Onemypono- | reneit SiO,-TiO; JMarHOCTUKHU A.E. C.A., na6.
BUY HaHOMaTepHa- MOHHUKHU
1o, MOHX uwm. byHKIMO-
H.C. Kypnako- HaJIbHBIX
Ba, PAH MaT-JIOB
NOHX um.
H.C. Kypna-
xoBa, PAH
buxboBa ®opmupoBanue 1 | 1ad. IPOYHOCTH | J.T.H., 3aM. K.T.H., C.H.C.
['ynbnap UCCIIEIOBaHNE Ha- | U IUIACTUYHOCTHU | JUPEKTOpa JlyxpsiHOBa
HarumoBHa HOCTPYKTYpPHUPO- metaummyeckux | UMET PAH | E.A., na6. me-
BaHHOTO MaTepuana | u komnosuuu- | Kommakos TaJJIOBEACHUS
JUTSI MEIMIIMHCKUX | OHHBIX Mate- AlT. LBETHBIX U
U3l TUna pHUaJIoB U HaHO- peaKux Me-
«CTEHT» C yJIy4- MaTepuaos, TaJJIOB
HIEHHBIMH 3KC- NUMET nm. UMET nwm.
IJTyaTalHOHHBIMU A.A. baiikoBa, A.A. baiixo-
CBOMCTBAMH PAH Ba, PAH
l'omyGeB JluTnii- 7a0. Heopranu4. | B.H.C, K.X.H. K.X.H., JOLEHT
Spocnas comepxarnie Goc- | KpUCTAIIOXH- XacaHoBa bpsinés O.A.,
Bnagumupo- | dartel BaHanus kak | muu, kag. He- | H.P. Ka(. HaHOMa-
BUY KaTO/IHbIE MaTe- OpraHuy. Xu- TEepHaoB
pUaJIbl U JINTUR- | MUHA, XUMHY. OHM MI'Y

MOHHBIX aKKyMYJIsi-
TOpOB

b-1 MI'Y




28 mas (ueTBepr)

dPUO Tema padoTsl MecTo PykoBoau- Penenzenr
AUIITIOMHHKA BBINOJIHEHHSA TeJlb
padoThI
Edpemona Cunres, QyHKIMO- | 1a0. XUM. JH- I.X.H., mpo¢. | K.X.H., acc.
Mapus Hanu3anus U Gu3n- | 3aifHa OMoHa- Knsuko H.JL.; | AGakymoB
BrnanuMupoB- | KO-XUMHUYECKOE UC- | HOMAT-JIOB, I.x.H., gou. | MA. I'bOY
Ha cienoBaHue HaHO- | Kad. sH3uMono- | Maxkyra A.I'. | BIIO
YacTUIl MAaTHETUTA | THH, XUMHY. - PHUMY um.
st onomemumH- | T MI'Y; 1a6. H.U. Iuporo-
CKOTO MPUMEHEHUsS | OUONIOTHYeCcKU Ba MuH31pa-
aKTUBHBIX OpI. Ba Poccun
coel., kad. opr.
XUMHH, XUMHY.
¢-Tt MI'Y
AnexcamikuH | HanopasmepHsbie nab. XuM. JH- I.X.H., Tpo(. | K.X.H., B.H.C.
AHTOH KOMILJICKCHI CyTiep- | 3aiiHa OuoHa- Kissuko H.JL.; | Koer O.A.,
JIMuTpueBnY | OKCUAAUCMYTAa3bl HOMAaTepHaJioB, | K.X.H., C.H.C. nab. moctre-
JUIsl TEpAIliy HEH- ka¢. sH3umono- | Hykomnosa HOMHOM XU-
pOAEreHEPaTUBHBIX | TUU, XUMUY. H.B. MUH, Kad.
3a0osieBaHUN b-Tt MI'Y XUMUYECKON
SH3UMOJIOTHH,
XUMHAY. (-T
MI'Y
Ky3nenos Pazpabotka numo- | 1al. XUM. JH- K.X.H., C.H.C. J.X.H. TOLIEHT
Nnbs COM JIJIs aApecHOr | 3aiiHa OmoHaH- | HykosoBa Kynpsmosa
Hropesuu JOCTaBKU LUCIUIA- | MATEpUAJIOB, H.B.; n.x.H., | E.B. xad.
THHA B OITyXOJIb kad. sH3uMoo- | mpod. Kisiako | xumuueckoi
TOJIOBHOTO MO3Ta C | THU, XUMUY. H. JL 3H3UMOJIOTHH,
MOBBIICHHON KC- | -1 MI'Y XUMUY. Q-T
npeccueit pakropa MI'y
pocta 3HI0TeNnus
COCY/IOB
['pauéra CopOmmst Am(I1I) na6. 103UMeT- I.X.H., ipod. | 1.X.H., B.H.C.
Hanexna Ha oprodocdaTax | puM U paauoax- | KaaMmbikos [Hupses
HuxonaeBHa | peaKo3eMeIbHbBIX tuBHOCTH OKp. | C.H., K.X.H., AA., NDXD
3JIEMEHTOB cpenbl, Kad. H.c. Poman- uM. OpyMKu-
paluOXUMHUH, gyk A.1O. Ha, PAH
XUMHY. -T
MI'Y
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29 mas1 (MATHUIIA)

1077 (0) Tema padoTsbl Mecto PykoBoan- Penensenr
AUIJIOMHHKA BBINOJIHEHUS TeJlb
padoThI
I'onuaposa dopmMupoBaHUe n1ab. Heopra- B.H.C., K.X.H. K.X.H., C.H.C.
AHHa OJIHOMEpHBIX HAaHO- | HUY. Marepua- | Hanombckuit | [poxokuH
CepreeBHa CTPYKTYp Ha OCHO- | JIOBEICHUS, K.C. 0O.A., na6.
BE BUCMYTa METO- ka(. Heopra- MaT-JIOB JJIst
JIOM TEMIUIATHOTO | HUY. XUMHH, AIEKTPOXUM.
ANEKTPOOCAKACHUSA | XUMHY. (-T MIPOLIECCOB,
MIy Kad. Iek-
TPOXUMHUH,
XUMHY. Q-T
MI'Y
UYepHoBa TpancniopTHbIE n1ab. Heopra- K.X.H., IONGHT | K.T.H., TOIICHT
Exarepuna CBOMCTBA IOJIN- Hu4. Mmatepua- | EnnceeB A.A. | @apHocoBa
Anekcann- MEPHBIX U KOMIIO- JIOBEJICHUS, E.H., PXTY
poBHa 3ULUOHHBIX MEM- ka¢. Heopra- mM. 1. 1.
OpaH Ha OCHOBE HUY. XUMHH, Menneneena
aHOJIHOI'0 OKCHIA XUMHUY. (-T
AITFOMUHUS MI'Y
I'opuakos MeccbayspoBckoe | 1a0. siiepHo- K.X.H., JOU. | K.(p.-M.H., JI0-
Jmutpuit HUCCIIEIOBAaHNE XUMHUYECKOTO CoboineB A.B. | et 3BepeBa
CranucnaBo- | MynbTU(EpPpPOUKA MaTepuasoBe- E.A., xad.
BUY BiFeOs neHus, kad. pa- (bu3uKHM HU3-
JTUOXUMUH, XU- KHX TeMIlepa-
mud. G-t MI'Y Typ U CBEpX-
IIPOBOJAUMO-
CTH, pU3HY.
b-t MI'Y
[Tnoxux ToHkue MIeHKu n1a6. XUMHH I.X.H. Ipod. 1.X.H., B.H.C.,
Anexcanap MYJIbTH()EPPOUKOB | KOPI. COeN., Kayns A.P. [naxTun
Bnagumupo- LuFe, M, O4 kad. HEopra- 0O.A., na6.
BHUY (M=Fe,Cu,Mg): HUY. XUMUH, HEOpr. MaTe-
HOBBIE CHHTETHYE- | XUMHY. -T puaioBeze-
CKHE ITOJIXOJIbI, MI'Y Hus, Kad. He-
CTPYKTypa U CBOM- OpraHuy. Xu-
CTBa MUH, XHUMHY.
b-t MI'Y
TumMmoIKuH ba3anbpToBEIC BO- 11a0. TEXHOJIO- K.X.H., C.H.C. K.X.H., C.H.C.
Nnbs JIOKHA C TIOBBIIICH- | TUU GyHKIHO- | ['yTHHKOB Bynrakos
AnexkceeBUd | HOM MPOYHOCTHIO M | HaNbHbIX MaTe- | C.M. b.A., na6. BbI-
KOMITO3UIIMOHHBIE | PUAJiOB, Kad. COKHX JaBiie-
Marepuaibl Ha UX XUM. TE€XH. U HUH, Kad.
OCHOBE HOBBIX MaTe- XUMHYECKON

pHaNoB, XU-
mud. G-t MI'Y

TEXHOJIOTUH U
HOBBIX MaTe-
pHUAJIOB, XU-
Mud. G-T
MI'Y
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AHHOTAIIMM MAaruCTEPCKUX JUCCEPTAIMH

Cunres, crpykrypa u porodpusnyeckne cBoiictea GropoeH30aToB
JIAHTAHU/IOB C PA3JIMYHOM CTeNEeHbI0 (PTOPUPOBAHNS JIUTAHIA

Kanaxuna A.C.

PykoBoauTesb: K.X.H., JOKTOPAHT Y TOYHUKOBA B.B.

[TonyyeHrne KOMILUIEKCOB JIAHTAHUIOB C OPraHMYECKWMHU JIMTaHIaMU C 3aJaHHBIMU
CTPOCHHEM U JIIOMHHECHCHTHBIMA CBOHCTBAMHM B HACTOsILEE BpeMs SBIAETCS KpaiiHe
aKTyaJIbHON 3amadeil. Ha mNpoOTSIKEHMM YK€ HECKOJbKUX JECATWICTHH 4YHUCIO0 Hay4YHBIX
nyOnuKanuii, MOCBSAIICHHBIX JaHHOW TEeMaTHKE, CTPEMUTENBHO pacTeT. JlIuTenpHble BpeMeHa
YKU3HU BO30Y>KICHHOT'O COCTOSTHUS M OOJbIIINE 3HAYEHHsI CTOKCOBA C/IBUTA JENAI0T KOMIUIEKCHI
JAHTAHUJIOB TPEBOCXOIHBIMU KAaHIUAATAMH [UISl Pa3IMYHBIX TPUMEHEHUH, B TOM 4YHUCIE
OHoJorM4eckux ¥ MeAUIMHCKUX. OJHAKO OMOJIOTHYEeCKUE NMPUMEHEHHsI TPeOyIOT COueTaHus
SIPKOM JIIOMUHECLIEHIIH, PACTBOPUMOCTH B BOJI€ M HETOKCUYHOCTH. [TOMCK KOOPAMHAITMOHHBIX
COEIMHEHUI JJAaHTAaHUIOB, YIOBJIETBOPSIOIIUX BCEM 3TUM TPeOOBAHUSIM, OCTAETCSI aKTyalIbHOM,
HO JI0BOJIBHO TPYJHOU 3aa4yeH.

ApomaTuieckrue KapOOKCHIAThl JIAHTAaHHWJIOB OO0JaJar0T BBICOKOW 3(()EKTUBHOCTHIO
momuHecteHnuu — 10 100%, — 1 moToMy SIBISIIOTCSA KpailHE MHTEPECHBIMH 00bEKTaMH, B TOM
gucine u g Ouompumenenudd (Puc. 1). K coxaneHuto, u3-3a TOJUMEPHOTO CTPOCHUS
OOJBIIMHCTBO  APOMATUYECKUX  KApOOKCHIIATOB  JIAHTAaHUAOB  OONaNaloT  HU3KOU
pacTBOPUMOCTBIO KaK B BOJIE, TAK U B OPTaHUYECKHUX PACTBOPUTEISX, UYTO TPEMSATCTBYET HX
HIMPOKOMY IPUMEHEHHUIO JUIS PEIIeHUs Pa3INYHbIX 337a4 MaTepUaioBeICHUS.

K L
0 )
! [nmi 670 720

Puc. 1 a) naiocTpauus MCnoIb30BaHUsI KOMILJIEKCOB JAHTAHU/IOB B KayecTBe 0MOMapKepoB 0) NpuMeHe-
HHe JIIOMHHECHeHTHBIX O0MoMapkepoB B ki1eTkax HeLa, macmrad 25Mkm
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Puc. 2 (a) MumocTpauus ramennst iiomunecuenunn MK-m3ayqaromux anranunos Nd** (11400, 9470,
7508 cm™') Yb™ (10230 em™') m Er** (6490 cm™) 3a cueT BbIcOKOYACTOTHBIX KosteGanmii cesizeii C-H (3030 cm™
1), O-H (3400 cv™) 6) MiumocTpanus ddpdexTusnoii movMunecuennun MK-n31yuaomux JJaHTAHIIOB TP
3amene C-H rpynn na C-F rpymmsi (1000-1400 cv™)

B nanHO# Marmctepckoil quccepranui B KadecTBE OJHOTO U3 CIOCOOOB YBEIUYCHHUS
pPacTBOPUMOCTH TpPEAJIaraeTcsi UCIOJIb30BaTh (PTOpUpPOBaHME OPraHUYECKOro JIMTaHaa. JTOT
MIPUEM MOKET MO3BOJIUTHh HE TOJIBKO MOBBICUTH PACTBOPUMOCTh KOMIUIEKCOB JIAHTAaHUIOB, HO U
yBeIUIUTh A(G(HEKTUBHOCTh WX JIIOMUHECIICHIIMM 3a CUeT yMeHbIeHus d(dekra rameHus
nuranfoB. Llenpto paboOTHI CTaNO BBISBICHUE BIMSHHUS CTENeHH (PTOpupoBaHHs OEH30aT-
aHHMOHAa Ha CTPOEHHUE, JIIOMMHECLEHTHbIE CBONCTBA U PACTBOPUMOCTh HUX KOMILIEKCOB C
JaHTaHUJAMHU.

B nmaHHOI MarucTepckon AuccepTalyy MOKa3aHo, YTO 3T MaTepUaabl MOTYT COYETATh
B ce0e ApKyI0 JTIOMUHECIEHIINIO KaKk B BUAMMOM, Tak U B MK nuama3one, pacTBOpUMOCTH B
BOZIc M OOJBIIMHCTBE JOCTYIHBIX OPraHUYECKHX pacTBOpHTeNnel. Ha mpumepe 2,3,4,5,6-
nerrapropbenzoaroB  mantanupoB  (III)  mpomemoHcTpupoBaHBl  (yHIAMEHTAJIbHBIC
0COOEHHOCTH CTPOCHUS KOMITJIEKCOB JIAHTAHU/IOB B MOPOIIKaX U MOHOKPUCTAIIJIAX ¢ TOMOIIbIO
nopoukoBoii (PXRD) u monokpuctamuibhoit (XRD) peHTreHoBckoM nudpakimuu, a Takke
JIOMHHECIICHTHOU criekTpockonuu. Kpome Toro, Obu1 pazpaboTaH METOIOIOTHIECKUIN TTOIX0/T
JUISL OTIPENICTICHUS JIOKAJIBHBIX CTPYKTYP KOMIUIEKCOB JIAHTAHUJIOB B PacTBOpPAX, OCHOBAHHBIN
Ha COBOKYMHOCTU NaHHBIX EXAFS-criekTpoB Ha Kparw MOJIOCHI MOTJIONMICHUSI LIEHTPaJIbHOTO

noHa u SIMP crieKTpoCKOINMU B IPUCYTCTBUU ITapaMarHUTHBIX SIEDP.

Jlyisi BBISIBIICHHSI BJIMSIHUSL CTEMEHH (DTOPUPOBAHMS JIMTAHIA HA CTPOCHHE U CBOWCTBAa (HTOPOECH30aTOB
JIAHTAHUJIOB, B KAUeCTBE OOBEKTOB UCCICI0BAHHS ObLIH BHIOPAHBI KOMILJICKCHI, IMTAHAMU B KOTOPBIX BBICTYIIAN
AHMOHBI CJEIYIOIMX KapOOHOBBIX Kuciot: 2,3,4,5-terpadropbenszoiinoit (HVib), 2.3.4,5-terpadrop-6-
Hutpobensoiinor (HNvfb), 2,3,6-tpudropbensoiinoit (H236tfb), 2,4,5-tpudTopbensoiinoi (H245tfb), 2-xm0p-6-
¢dropbenzoitnoii (H26¢lfb) (Puc. 3). IIpakTuyeckn Bce BbIOpaHHBIE JIMIAHABI CEHCHOMIM3UPYIOT JIIOMHHECIICH-
U0 JIAaHTAHUJ0B KaK B BUAWMMOM, TaK U B UK JAuaria3oHe. HckiroueHue coCTaBiIsiOT KOMIUIEKCHI ¢ aHUOHOM
(Nvfb)", oTcyTCTBHE JIIOMHUHECIIEHIIMN KOTOPHIX OOBSCHAETCS HAJIMYMEM HUTPO-TPYIIIBI B apOMATHYECKON CHC-
TEMC JIMraHJa, KoTopas ABJIACTCA OJAHUM H3 Han6onee 3(1)¢)eKTl/IBHI)IX racuTesien JJFOMUHECLICHIIMN JITAaHTAHUIOB.
Io nanupiM XRD 6bUTO MOKA3aHO, YTO yBEIMYEHUE YKCITa aTOMOB (TOpa B OEH30JIBHOM KOJIbIIE JINTaH/1a CHUXKA-
eT SJEePHOCTh KOMIUIEKCOB. Hapsiay ¢ 3TUM B JaHHOH MarMcTepcKoi JHCCEPTAaLliM MOKA3aHO, YTO YBEIHYCHHUE
yucia (Qrop-3aMecTUTeNieil B OCH30JbHOM KOJIBIIE YBEJIHUYMBACT PACTBOPHMOCTH M YMEHbBILIACT YCTOHYMBOCTD
KOMIUIEKCOB JIAHTAHH[IOB, & TAKIKE CHHXKAET UX TOKCHYHOCTD JIJIsl )KUBBIX KeTOK (Puc. 4).
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Puc. 3 JIuranasel, ucnoas3yeMble B JaHHOH padoTe

[Moka3zaHo, 4TO yBEIMYCHHE KBAHTOBOTO BBIXOJA KOMILIEKCA E€BPOMUS 3a CUET 0Opa3oBaHUs reTepoMe-
TAJUTMYECKOT0 KOMIUIEKCA TEPOHSI-eBPOITUSI BO3MOXHO B Ciydae MeHTa()TOpOCH30aTOB M HEBO3MOXHO B CIIydae
TeTpadTopOEH30aTOB, YTO CBSI3AHO C TEM, YTO JIUMHUTHUPYIOLINE CTAJANHU TFOMUHECHCHIHH ISl HUX Pa3IndHbI.

[To uroraM MPOBEICHHOIO KCCIEIOBAHMS MMOKAa3aHA MEPCIEKTHBHOCTh MCIIONB30BaHHs (TOPOECH30aTOB
JAHTAaHUJIOB B KauecTBe (POTOMOMHUHECHEHTHBIX MaTepHaioB, a Komruiekcsl Tb(236tth);(H,O), Eu(vib);(H,0),
TbEu(pfb);(H,0), Nd(vib);(H,O) u Er(pfb);(H,O) pekomenioBansl B KadecTBe usiaydaresneid B BuaumMom u UK
JIana3oHe.

MOHOMep rosMMep

Ywucro drop-samectirernen
PactBOopumocTn

JAnepHOCTE
YcTonamnBoCcTh
LIMTOTOKCUMIHOCTE

Puc. 4 BoisiBjIeHHBIE 3aKOHOMEPHOCTH BJIUSHUSA cTeneHH GTOPHPOBAHHUS JUTAHIA HA CTPOEHNe U CBOiicTBa
¢Topdenzoaron
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Peakuuu BOCCTAHOBJICHHSI KUCJIOPO/Aa HA YIJIEPOIHBIX JJIEKTPOAAX
B AlIPOTOHHBIX Cpeaax

benosa A.U.

PykoBoauTens: K.X.H., ¢.H.c. UTkuc .M.

HNHTEeHCMBHOE M3yUY€HHE BOCCTAHOBIIEHUS KHCIIOPOAA B HEBOJHBIX PACTBOPHUTENSAX Ha-
4aj0Ch CPAaBHUTEIBHO HEJABHO B CBSI3M C BO3POCIIMM MHTEPECOM K NEPCHEKTUBHBIM XUMUYE-
CKHMM MCTOYHMKAM TOKa, 00J1a/1al0IleM PEKOPIHON TEOPETHUECKON IHEPrOEMKOCThIO — JTUTHUM-
KUCTIOPOJHBIM akkyMyssaTopam (JIKA) ¢ yrinepoaHbIM MOTOKUTENBHBIM 3J1eKTpoaoM. Ha man-
HBIIf MOMEHT M3BECTHO, UTO BOCCTAHOBJICHHE KHCJIOPOJA B IIPHCYTCTBHH HOHOB Li' ocioxkHe-
HO 00pa3oBaHMEM HMHTepMenuarta — cynepokcuna autus LiO,, KOTopsIi B mporecce paspsaaa
npeBpaIiacTcs B TBepAbId MamopacTBOpuMbIid Li,O;, a KpoMe TOTo BCTyMAeT B Psil MOOOYHBIX
MPOIIECCOB, HanboIee KPUTHYHBIM U3 KOTOPBIX SBIISETCS €r0 B3aMMOJIEHCTBHE C YTIIEPOJIOM C
obpazoBannem Li,CO;. OgHako, Mexanu3mel npespamenus LiO, B Li;O; u Li,CO;, a Takke
BIUsHHUE 1e(DEKTOB MOBEPXHOCTH YIIEpoa Ha MyTH 3TUX PEaKIHd U UX KUHETHKY, IO CUX TIOp
HesicHbl. [loHMMaHne MexaHu3sma (OpPMUPOBAaHUS OCHOBHBIX, IPOMEXKYTOUHBIX M MOOOUYHBIX
MPOJIYKTOB pa3psifia U POJIU CTPYKTYPbl MOBEPXHOCTH YIJIEPOAA MOXKET CTaTh BAKHBIM IIaroM
Ha Iy TH K pa3padboTke 3(pPEeKTUBHBIX 1 CTAOMIBHBIX MAaTEPHAIIOB MOJIOKUTEIBHBIX AIEKTPOIOB
g JIKA.

[enbto naHHOW pabOTHI ABISETCS ONpPENEICHUE MEXaHW3Ma BOCCTAHOBJIEHMS KHCIIOPO-
Jla Ha YIVIEPOAHBIX AJIEKTPOJAX B AMPOTOHHBIX PACTBOPUTENSAX, U BIUSHHS CTPYKTYpbI IO-
BEPXHOCTH 3JIEKTPOJa Ha IMyTH U KUHETHKY 3JIEKTPOJHBIX peakuuil. B xone paboTsl ObL1 pe-
HIeH psl 3a7ad, BKIIOYas MCCIEAOBAHUE CTPYKTYpa U MHUKPOCTPYKTYpPbl HOBEPXHOCTH YyIJIE-
POIHBIX 3JIEKTPOJIOB, U3YUYEHHE CTAJUIHOCTH M KUHETUKH BOCCTAaHOBJIEHUS KHCJIOpOJa Ha
3JIEKTPOJIax C PA3NMYHON CTPYKTYpPOW MOBEPXHOCTH, ONPENEIEHUE COCTaBa TBEPABIX JINTUM-
CoJIepKalIuX MPOIYKTOB BOCCTAHOBJICHHS KHUCJIOPOJAA, aHAJIU3 BIUSHUS CTPYKTYpbI YIJIepoJ-
HOTO 3JIeKTpoAa Ha (hopMupoBanue modoynoro npoaykra Li,COs.

B kadecTBe 00BEKTOB MCCIIEOBaHUS OBLIM BHIOPAHBI MOJEIBHBIE YTIEPOJHBIE JJIEK-
TPOJbI C Pa3IUYHOU CTPYKTYpPOH MOBEPXHOCTH: BBICOKOOPHEHTHPOBAHHBIA MUPOIUTUUECKUN
rpaduT, MUPOIUTHIECKUE TPAPUTHI, TOBEPXHOCTh KOTOPHIX COBIMAJAET ¢ 6a3aabHOM U KpaeBou
IJIOCKOCTBIO, U CTEKIIOYTIIEepoa. /It u3yyeHus: CTaiuiHOCTH U KUHETUKHA BOCCTAHOBIICHUS K-
cJI0po/ia ObUT UCTIONB30BaH METO/I IUKIMYECKON BOJBTAMIIEPOMETPUH C TMHEHHON pa3BepTKON
NOTeHIMaNa. AHaJIN3 COCTaBa TBEPABIX NMPOJYKTOB BOCCTAHOBJICHHS] IPOBOJIMIN C ITOMOILBIO
PEHTTeHO(POTOIIEKTPOHHOM CIIEKTPOCKOIINH.

B xoxe paGoTsl Ob110 0OHAPYKEHO, YTO Ha 0a3aTbHOM IMIOCKOCTH TpaduTa BOCCTAHOB-
JICHHE KHCIIOpOoJa BKIIOYAET JIBE 3JIEKTpOXUMHUYecKue ctanuu. IlepBas mpencraBiser co0oii
BHeITHEC(EpHBIN TIEPEHOC AIEKTPOHA ¢ 00pa30BaHUEM CBOOOTHOTO CYNEPOKCH]I-MOHA, a BTO-
pas crajgus mpu Golee HM3KOM MOTEHIHAe MMeeT TepBhli mopsaaok mo Li' u mpencraBuser
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co0oif BoccTaHOBIIeHUE agcopOupoBanHoi dacTuipl LiO, mo LiyO,. Beuio mokazano, 4To 00-
pazoBanue Li;O, MPOUCXOIUT TAKKE U B PE3yJIbTATE XUMHUECKOTO JTUCTIPOTIOPIIUOHUPOBAHHS.
Ha moBepxHOCTH CTEKIIOYTIIEpO/Ia, coieprKamieil 00IbIIoe KOIMYECTBO NeEeKTOB, TEM HE Me-
Hee, He HAOJIoaeTcsl BTOpask 3JCKTPOXUMHUUECKas cTafaus BocctaHoBIeHus LiO, u B ropasno
MEHBIIICH CTENEHU MPOTEKALT MPOIIECC TUCTIPOTIOPITMOHUPOBAHHUS, YTO YKA3HIBACT HA CTAOWIIH-
3anuio yactuil LiO, KUCIOPOAHBIME TPYIIIIAaMH Ha TIOBEPXHOCTH yriepoaa. OOHapykeHO, UTo
nois Li,COs, o6pa3oBaBiierocs B Xo/1€ BOCCTAHOBJICHHUS KUCJIOPO/ia Ha YTIAEPOTHOM 3JIEKTPO-
JIe BO3pAcTaeT C YBEIMUCHUEM KOHIICHTPALUH JIe()EKTOB HA TIOBEPXHOCTH.

Takum 00pa3om, B XOj¢ JaHHON paOOTHl YCTAHOBJIICH MEXaHWU3M BOCCTAaHOBIICHUS KH-
CJIOPOJIa Ha YIIIEPOJHBIX JICKTPOJIaX, & TAKXKE OMPECIICHO BIUSHUE CTPYKTYPBI OBEPXHOCTH
Ha CTa0MIM3AIMIO POMEXKyTouHOoro npoaykra LiO; u popmupoBaHme modO4IHOT0 MpOIyKTa
Li,COs.
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MopddoJorust TMTHHA-COAEPKAINUX IPOAYKTOB BOCCTAHOBJICHUS

KHCJI0pOoaa B AalIPOTOHHBIX CpEaax
3axapuenxo T.K.

PykoBoautens: K.X.H., c.H.c UTkuc .M.

B coBpeMeHHYIO 310Xy pPa3BUTHS MOPTATUBHBIX 3JEKTPOHHBIX YCTPOMCTB, JIEKTPO-
TPAHCIIOPTA M JPYTHX dHEPrOEMKUX OTpacieil Bce OOJbliee BHUMAHUE yIENSIETCs podiieMam
3amacaHvs SHEPTUU C HCIOJIb30BAHUEM MEPe3apsHKAEMBIX XUMHUYECKUX HCTOYHUKOB TOKA.
Hanbosnee BEBICOKOEMKHMH BTOPUYHBIMH UCTOYHUKAMHU TOKA SIBJISFOTCS JIUTHH-BO3IYIIHBIC aK-
KyMYJIATOPBI, TEOpeTUYecKass YIeNbHAas MOIIHOCTh KOTOPBIX JOCTUTaeT 3HA4YCHUH
1000 Br*u/kr. Ho k coxkajieHHIo, MpakTHIecKas yJeabHas eMKOCTh JIMTHH-KUCIOPOJTHOTO HC-
TOYHHMKA TOKA OKa3bIBACTCA 3HAUUTENHLHO MEHBIIIE TeopeTrnueckoil. Kpome Toro, Habmonaercs
CYIIIECTBEHHOE YMEHBIIICHHE EMKOCTH TP Mepexoie K OOJBIINM pa3psIHbIM TOKaM, 4TO Tpe-
MSTCTBYET MPOMBIIUICHHOMY HCTIOJIB30BAHUIO TAKHX aKKyMyJIsTOpoB. [IprunHOM Takoro mpo-
1iecca sSIBISICTCS OCAKACHUE MPOAYKTa PEaKIuy — MEPOKCHUIA JTUTHSI Ha TIOBEPXHOCTh KaTo/a H,
KaK CIIe/ICTBUE, 00pa3oBaHKe OJIOKUPYIOIIETO CJI0s, MPEMATCTBYIOUIETO NalbHEHIIeMy BOCCTa-
HOBJICHHIO KHCJIOpoAa. BaxkHyro poiib B mporiecce 0Opa3oBaHMs OCaKa UIPACT AJIEKTPOIHT
TaK, KaK OH ONpEeeNsieT CTAOMILHOCTD MPOMEKYTOYHBIX MPOJTYKTOB PEAKIIMH BOCCTAHOBIICHUS
kuciopoaa. OnHako, KaKMe UMEHHO €r0 CBOMCTBAa OKa3bIBAIOTCS HanboJiee 3HAYMMBIMU TTOKa
HESICHO.

B cBsi3u ¢ 3THM 1ebIO JaHHOW pabOTHI SABJISACTCS ONpEACIICHHEe MEXaHW3MOB, YIIPaB-
ASIOMUX (GOPMUPOBAHUEM U POCTOM TBEPIBIX JTUTHH-COJEPIKAIINX MPOTyKTOB BOCCTAHOBIIEC-
HUSI KHCJIOPO/a B JTUTUH-BO3IYIIHBIX aKKyMYJISITOpax ¢ alipOTOHHBIMHU AJIEKTPOJIUTaMu. B Xo-
Je paboThl ObUIM peIIeHBI CIEAYIONINE 3a7aud: TalbBAHOCTATHUYECKUN W TOTEHIIMOCTATHYC-
CKUH pa3psil JTUTHIA-KACIOPOJHBIX AIEKTPOXUMUYECKHUX SUYEEK C PA3IMIHBIMH arpOTOHHBIMU
AJIEKTPOJIMTAMU; TIOJTYYCHUE TIEPOKCHIA JIUTUS MyTEM XMMUYECKON PEakluu JAUCIPOIOPIIHO-
HUPOBAHUS CYNEPOKCHIA KaJWs; MCCIEJOBAHUE CTPYKTYPHI M MOPQOIOrHHA 00pa3yromuxcs
TPOJTYKTOB.

B xagecTBe MaTepuana 35eKTpoAoB OblIa BeIOpaHa yriepoHas Oymara, moCKOJIbKY 3TO
MaTepuall ¢ KOHTPOJIHMPYEMOW MaKpOMOPUCTOCTBIO, B KAYECTBE DJICKTPOJIUTA HMCIIOJIb30BAIN
pacTBOpbl OUCTPUPTOPMETWICYIbGOHUINMHIA JIUTHS B PSAAE PACTBOPUTENCH, IEMOHCTpH-
PYIOLIMX CPAaBHUTEIBHYIO CTAOMIBHOCTh K OKHUCIICHUIO MPOMEKYTOYHBIMH MPOAYKTAMH PeaK-
IIMM BOCCTAHOBJICHUSI KUCIIOPO/IA, BKITIOYAst IEPOKCHIT M CYNIEPOKCHI-aHHOH. BhITH mpoaHaim-
3UpOBaHbl MOPQOJIOTHS U (Ha30BBIA COCTAB MPOJYKTOB, MOJYYCHHBIX TPU TJIbBAHO- M TIOTEH-
[IMOCTATUYECKOM paspsijie A0 OJHOH U TOH ke TITyOHHBI B Pa3IMYHBIX PACTBOPUTEISX.

[Toka3aHo, 4TO BOCCTAHOBJICHUE KUCIOPOJIa B IPUCYTCTBUM HOHOB JIUTHS B 3JICKTPOIIH-
T€ MPOTEKAEeT ¢ 00pa3oBaHUEM IUTaCTUHYATHIX YacTull L0, popmupyronux, B 3aBUCUMOCTH
OT COJIbBATUPYIOIIEH U PEaKIMOHHOW CIIOCOOHOCTH PACTBOPHUTEIS, IUICHKH HJIM arjioMepaThl
CIIOKHOH MOpP(QOJIOTUU. YCTaHOBJIEHO, YTO (POpMHpPOBaAHME KPUCTAIUIMUECKUX IUIACTUHOK
Li,0, mnpoTekaeT myTeM TUCIPOIIOPIIMOHUPOBAHMS CYNEPOKCUIHBIX COCAMHEHUH B 00beMe
DIIEKTPOJIATA, TIPA 3TOM B BBICOKOJJOHOPHBIX PACTBOPUTEISIX ITOMY COITyTCTBYET TAKKE DJIEK-
TPOXUMHUYECKOE BOCCTAHOBIICHHUE CYIEPOKCHIA IO IEPOKCHIA Ha TIOBEPXHOCTH.
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CuHTe3 1 AHHOHOOOMEHHBbIE CBOMICTBA THAPOKCOCOETUHEHMNIT
peaKo3eMeIbLHbIX 3JIEMEHTOB

Anpoinyes A./1.

PykoBonurenb: K.X.H., C.H.C. bapanunkoB A.E.

Crnoucteie THAPOKCOCOSAMHEHUS peaKo3eMenbHbIX 3eMeHToB (CIT P33) otHocsTCs K

KJ1acCcy aHI/IOHOO6MeHHLIX HCOPTaHUYCCKUX MATCPUATIOB U SBJIAIOTCA XUMHUUCCKHUMU aHaJiora-
MU CIOUCTBIX NBOMHBIX TUApoKcuaoB (CII). CTpyKTypa 3TUX COCIMHEHUN XapaKTEPHU3yeTCs
HAJIMYUCM TMOJIOKUTCIIBHO 3aps’KCHHBIX MCTAJUI-THUAPOKCUIAHBIX CJIOCB, MCXKIAY KOTOPLIMH Ha-
XOJSATCS OTPHUIATEIHHO 3apsyKEHHBIE MOHBI, KOTOPbIE MOTYT OBITh IOCTaTOYHO JIETKO 3aMEHe-
Hbl Ha MOHBI APYIUX OPraHUYCCKHUX W HCOPTraHUYCCKUX KHCIIOT. HpennonaraeTc;I, YTO TaKHUE€
MaTepuaibl MOTYT HaTH MIUPOKOE MPUMEHEHHE B KauecTBe OMoMaTepHaioB (CEHCOPOB OMO-
JJOTMYCCKHU AaKTHUBHBIX BCHICCTB, HOCUTEIICH JICKAPCTBCHHBIX CPCACTB, KOHTPACTUPYIOIIHUX
areHToB 111 MPT), TOHKOTIJIGHOYHBIX JIIOMUHECIIEHTHBIX MaTepUaJIoOB U JIp.

21



N3BectHble Kk HacToseMy BpemMeHH Meronbl cuHTe3a CI' P30 MoxHO pa3nenuTh Ha
JIBE OCHOBHBIE Tpymbl. [lepBas BKIro4aeT B ce0si 0caxJAeHUE THIPOKCOCOSTUHEHHH peaKo3e-
MEJIbHBIX 3JIEMEHTOB U3 PAaCTBOPOB COOTBETCTBYIOIIMX COJICH (HUTPATOB WM XJIOPHIOB) B
npucytcTBuM rekcameruienrerpamuna ('MTA) npu remnepatype 90-100°C. Bropas rpynmna
METOJ0B OCcHOBaHa Ha ocaxkaenuu CI' P30 menoyamu win ankujiaMUHAMH C UX MTOCJIETyOLEn
KPUCTAJIM3AIMEl B yCIOBUSAX THIPOTEpMalibHOM 00paboTku. OCHOBHBIM HEJOCTAaTKOM YyKa-
3aHHBIX METO/IOB SIBJISIETCS] 3HAYUTEIbHAS TPOJIOJKUTEILHOCTh CUHTE3a (10 48 4.).

[enpro HacTosIIEH pabOTHI ABISAIACH pa3pab0OTKa HOBBIX 3(P(HEKTUBHBIX METOAUK CHH-
Te3a cnoucThix ruapokcocoeaunenuit P33 (Y, Gd, Eu u ngp.), a Takke n3ydeHne aHHOHOOO-
MEHHBIX CBOMCTB MOJyYEHHBIX COCIMHEHUM.

B pamkax paboTbl Obu1 perieH psf 3anad, Bkiatovas cuate3 CI' P3D ¢ ucnonszoBanuem
YIBTPa3ByKOBOH W THAPOTEPMaIbHO-MUKpPOBONHOBOUW (I'TMB) 00paboTku B NpUCYyTCTBUHU
I'MTA, a taxxe B JOTHAPOTEPMANIbHBIX YCIOBUAX, B TOM YKCJIE C UCIIOJb30BaHUEM MEJIaMUHA;
UHTEPKAJISALUSA B CTPYKTYPY MOITYYEHHBIX COCAMHEHUN psla aHHOHOB OPraHMYECKUX KHCIOT,
BKITIIOUAs IOACIHUIICYIh(aT-aHHOH, aHHOHOB CYJIb()O- U aMUHOKHCIIOT; XapaKTepu3alus MoiIy-
YEHHBIX COEJUHEHHM METOAaMH PEeHTIeHO(a30BOT0, TEPMUUYECKOTO M XMMUYECKOTO aHaJIM3a,
METOAaMH EKTPOHHOIH Mukpockonuu u PCMA, ¢ayopectentHoit u MK-cnexkrpockonuu.

[Tokazano, uyto romorennoe ocaxaeHue CI' P33 B mpucyrcrBuu ['MTA B ycnoBusx
I'TMB 00paboTku 3HAYUTENHHO COKpPAIIAET MPOJOJKUTEILHOCTh UX CHUHTe3a (mo 1 MuH),
oOecnieunBasi BBICOKUN BBIXOJ (~80%) U BBICOKYIO CTENEHb KPUCTAINTMYHOCTH MPOAYKTa peak-
UK. Y CTaHOBJICHO, YTO CYIIECTBEHHOTO YBEJIWYEHUSI BbIXOJA MPOAYKTA PEAKIUU IIPHU MPOBE-
JIEHUW CUHTE3a B JOTHUApOTepMaibHbIX ycioBHsX (t < 100°C) MOXHO TOOUTHCS, UCITIONB3YS
YIIBTPa3ByKOBYIO0 00pabOTKY peaKIMOHHOW CUCTEMBI.

[Ipu npoBeaeHUH CUHTE3a B JAOTHIPOTEPMAIBHBIX YCIOBUSAX KIIOYEBBIM IapamMeTpOM,
ompeAensonuM MOpQoaoruto, (Ha3oBbI COCTaB U CTENEHb KPUCTALTUYHOCTH KOHEYHOTO
MIPOJIyKTa, SBISAECTCS THI MCHOJb3yeMoro ocamutens (menous win ['MTA), a taxke mpoaos-
KUTEIBbHOCTh CUHTE3A.

[IpennoxeH HOBBIN METOJA CHHTE3a OKCO- M THAPOKCOCOCIMHEHUN METAIIOB, 3aKJIIO-
Yaromiecss B TOMOT€HHOM OCQX/IEHWU B MPUCYTCTBUU MeNaMuHA. J[aHHBIM METOJ yCHeurHo
npumeneHn s cuaTe3a CI' urtpus. [lokazaHo, uTo omHO(da3HBIM MPOAYKT oOpaszyercs mpu
temneparype peakuuu ~100°C u oTiryaeTcst BBICOKOH CTENEHBIO KPUCTAJNINYHOCTH.

[Tokazano, uro mosydyeHasie Hamu CI' P33 o0manaroT BRIpaKEHHBIMH aHHOHOOOMCH-
HBIMHU CBOMCTBaMH. B 4aCTHOCTH, B MX CTPYKTYpy ObUIM YCIEIIHO MHTEPKAIUPOBAHBI J10]IE-
mwicynbdar aHnoH, cyibdonar-annonsl RSO3 (R=C¢H;3, CgHy7, CioHz1), aHnonsl amMuHO-
KHUCTIOT (acraparvHOBOM, TTIyTaMUHOBOM, ()eHUIIaTaHWHA, THPO3WHA U IIUCTEeHHA), (rroopec-
[ENH-TUaHUOH.
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CnexTpockomnusi TMraHTCKOro KoMOuHannoHHoro paccesHus (I'KP) — yHuBepcanbHblit

METOJI JUI aHaJIM3a MaJIbIX KOJMYECTB BELIECTB C BHICOKOM UYBCTBUTEIBHOCTHIO. OH 3aKiioya-
€TCsl B MHOTOKpPAaTHOM ycwieHnu curHana KP ot monexyn aHamuTa, HaXOZAsIIErocs Ha IOX-
JIOXKKE, COJepIKalleii HAHOYACTUIBI WIIM HAHOCTPYKTYPHUPOBAHHYIO TUICHKY OJaropofHBIX Me-
TaJI0B. B pe3ynbrate nazepHOro obay4yeHHs Ha MOBEPXHOCTH MeTajlia 00pas3yloTcs IU1a3Mo-
HBI, YBEJIIMYMBAs AJIEKTPUUECKOE 10JI€ BOKPYT METAJUIA, YTO IPUBOJUT K POCTY HHTEHCUBHOCTHU
curnana KP 10 10" pa3. HeoGX0AMMO yunTHIBATE, UTO Pa3lIHUHbIEC aHATH3HPYEMbIC BEIIECTBA

23



NorIOMAIOT (M (pIyopectupyroT) Ha pa3HbBIX JJIMHAX BOJIH, M MPH aHaIu3e OyayT HCIOIB30-
BaThCsl JIa3epbl ¢ pa3nuyHoil 3Heprueil. CienoBarenbHO, aKTyallbHOW 3ajauelt siBisgercs: Gpop-
MHUpPOBaHUE MOJIOKKH s ciekTpockonuu ['KP ¢ HeckoJIbKMMU 1OJI0CaMU TUIA3MOHHOTO pe-
30HaHca B IMIMPOKOM 3HEPreTHYECKOM AMamna3zoHe. B kauecTBe TakuX CTPYKTYp B JaHHOM pabo-
T€ NPEJIOKEHBl 30JI0ThIE WHBEPTHPOBAHHBIE OMNAJIbl, IMPEACTABISAIONINE COOOW MOPUCTHIE
IUIEHKU Pa3InYHON MOP(OIOTHH € MOJHOCTHIO WM YaCTUYHO FeKCaroHajabHO yIOPSI0YCHHbI-
MU TIOpaMH.

Llenbto paboThl ABIsETCS (HOPMUPOBAHHUE 30JI0THIX MHBEPTUPOBAHHBIX OINAJOB, H3yYe-
HHUE KOPPEJSIIHUUA ONTHYECKHX CBOMCTB IICHOK ¢ MX MOPQOJIOTHEH, a TaK)Ke HCIIOIb30BaHHE
HOJY4YeHHBIX 00pa3ioB B kauecTBe | KP-aKTHBHBIX MOAIOKEK.

CuHTe3 MHBEPTUPOBAHHBIX OMAJIOB COCTOUT M3 HECKOJBKHUX 3TAIlOB: MOJIYYEHHE IOJIU-
CTHPOJIBHBIX MHUKpOchep, GopMupoBaHHE KOJUIOUIHBIX KPUCTAIUIOB, OCAX/IEHUE 30JI0Ta B I10-
pBl MaTpuIlbl, €€ mocieaymolee yaaiaeHue. KauectBo o0Opa3oB Ha KaKAOM dTale BIMSIET HA
KOHEUYHYIO 30JI0TYI0 IMOPUCTYIO CTPYKTYpPY. AU MHBEPTHUPOBAHHBIE OMaJbl MOJIyYalIH 3JIEKTPO-
XUMHYECKHM OCKJICHHEM 30JI0Ta U3 XJIOPHIHOTO, CYTb(OUTHOTO U IIUTPATHOTO IIEKTPOIUTOB
B YIOPSAA0OYEHHBIE MATPHUIIBI, cOocTosIue U3 MuKkpochep auamerpa D =400 u 530 HM, a Takxke
B HEYMOPSJOUYEHHBIE MATPHUIIbI, cocTosmue u3 mukpochep D = 200, 300, 500 u 600 um (co
CTaHJApTHBIM OTKJIOHEHHEM, HE PEeBbIatoIuM 5%).

B xone paboTel HalZICHBI ONITUMAJIBHBIE TTApaMeTPBI POPMUPOBAHUS OTHOPOIHBIX TLIE-
HOK KosumougHbix KpucramioB: T = 45 °C, C = 0,18 00. % mnonuctuposna, HanpsKEHHOCTb
snexTpraeckoro moist B B urtepsane 0,25 + 0,75 B/cm. Ha ux ocHOBE 6bLIM MOJTydYeHb! Au
UHBEPTUPOBAHHBIE OMNadbl C PA3JIUYHBIMM HOPMHUPOBAaHHBIMM TOJIIIMHAMHU B JHANa3oHe
0,2 + 0,8 nuamerpa yacTull MaTpulbl. B KkauecTBe ONTUMANBHBIX YCIOBUH ISl 3JIEKTPOOCAXK-
neHust Au BwIOpaHbl: xmopuAHblid anekTponuT coctaBa 0,005 M HAuCly, 0,7 M HCIOs,
3,5 M C,HsOH; ocaxnaenue B moTeHIpoctatuueckoM pexume mpu Eq = 0,8 B oTHOCHTEIBHO
Ag/AgCl snektpona cpaBHeHMs. Ha cnekTpax oTpaxeHus oOpas3loB HaOJIOJAIUCh MUHUMY-
MBI, CBS3aHHBIC C HAJIWYHEM JIOKAIbHBIX, MU U Op3ITOBCKHX IJIa3MOHOB B CMEIIAHHOM CO-
CTOSIHUM, IIPUYEM YCIIOBHE UX BO30YXKAECHUS OINpPENENIeTcsl TONbKO MOP(OJIOrHel MOBEPXHO-
CTH 30JI0TOH IUICHKHU.

Pe3ynbraThl M3MepeHU paMaHOBCKHUX CIIEKTPOB Ha MOJyYEHHBIX MOUIOKKAX MOKa3bI-
BalOT YCUJIEHME MHTEHCUBHOCTH curHaia KP or kpacureneil pomamuHa 6 U METUIEHOBOTO
CHHEro B KOHIEHTparusx 10 10 M (06beM mpoGbl ~5 MKIT) IyTeM HX BO3OYKICHHUS 3¢ICHBIM
(A = 514 um) u xpacHbIM Jazepamu (A = 633 HM), cOOTBETCTBEHHO. CIEKTPHI, MOTYYCHHBIE C
pa3HbIX yacTel MOJUIOKKH, UIEHTUYHBI, YTO MO3BOJSET FOBOPUTH O BOCIIPOM3BOAUMOCTH TO-
Jy4aeMbIX OOpa3loB W OJHOPOJHOCTH IMOBEPXHOCTH MOANOXKKU. Koadduuuent ycuneHus
CHTHajla B cliy4yae pojaMmuHa 6 cocraBisier G = 104, B Cly4yae METUJIIEHOBOI'O CHHErO -
G = 10"". TTocne oT™MBIBAHHS TIOIOKEK C KPACHTENEM B JUCTHIIMPOBAHHOM BOJE CTPYKTYpa
MO/JTOKEK HE M3MEHWJIACh, MPU MOBTOPHOM Hcmosib3oBaHuu ['KP-addext Habmomaercs, aro
IIO3BOJIAET TOBOPUTh O CcO3JaHMM MHoropasoBoid I'KP-akTMBHONW OCHOBBI ONTHYECKOTO
ceHcopa.
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HOJII/I(l)yHKIII/IOHaJ'II)HbIe KOMIIO3UTHI ICKOPUPOBAHHBLIC HAHOY A~
cCTuaMm cepeﬁpa AJIA CIICEKTPOCKOIIUA THT'AHTCKOI'O KOMﬁl/IHaIlI/I-
OHHOI'0O pacCesaTHUA

Capoviuesa A.C.

PykoBoautenu: a.x.H., mpod., ui.-kopp. PAH T'ynunun E.A.

CrniexTpockomnusi TMraHTckoro komOuHanumoHHoro paccesHus (I'KP) — yHukanmbHbI,

IPOCTON, OBICTPBIN U CBEPXUYBCTBUTEIBHBIM METO CEIEKTUBHOIO JETEKTUPOBAHUS CIIEI0BBIX
Kosin4ecTB BemiecTB. OcoOblil MHTEpeC MPEACTaBIsAeT U3yUeHHe (PyHKIIMOHUPYIOIUX KIETOK U
UX opraHei, BBuay Toro, 4yrto I'KP — mpakTudeckn eIMHCTBEHHBI HEMHBA3WBHBIA METO/,
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TIO3BOJISIFOINMEN HaOIIOIaTh TPOIECCHl B MPUMEMOPAHOM IMPOCTPAHCTBE JKUBBIX KJIETOK, YTO
MO3BOJIUT JIy4YIlle TOHUMAaTh OCHOBHBIE YHEPTETHUECKHE MPOLIECCHl OpraHU3Ma, BIHSIONINE Ha
CTapeHue, BOSHUKHOBEHHE caxapHoro auadera u T.1. OcTaércs Takke Mallo U3yuyeHO 00J1acTh
ONTUYECKOTO aHallu3a Pa3IMYHBIX Ta30BbIX cpeA. B yacTHOCTH, NETEKTHpOBaHWE MUPHUIMHA
SIBIIIETCS aKTyaJIbHOM 3a/1aueii COBPEMEHHOW HE(TETPOMBIIIUICHHON OTPACITH.

O¢ddext I'KP ocHOBaH Ha SBICHHUH TIA3MOHHOTO pe30HAHCa, HAOII0JaeMOro B OCHOB-
HOM y HaHOYacTHIl O1aropoaHbiXx MeraioB. Ha nanHoMm stame Tpebyercss MaTepuasbl ¢ BO3-
MO>KHOCTBIO MPEAKOHIIEHTPUPOBAHUS aHAIUTOB, MOBBIIICHHONW CTAOMIBHOCTHIO U IUIOMIAIBLIO
paboueii moBepxHOCTH. PemieHnemM MOXeT cTaTh MOTy4YeHUE MOy (PYHKIIMOHAIBHBIX KOMITO3H-
TOB, COAEPKAIIUX HAHOCTPYKTYPhI HAa TOBEPXHOCTH MUKPOYACTHII, KOTOPBIE MPEAONPEISIsIIN
OBl TOTIOTHUTENBHBIC TpeOyeMble CBOMCTBA. Llenbio JaHHO# paboTHI sIBIISIETCS pa3paboTKa HO-
BBbIX MOJU(PYHKIIMOHATBHBIX MaTepuanoB st [ KP - cekTpockonuu Ha OCHOBE MHUKPOYACTHIL
JTMOKCH1a KPEMHHUSL.

B xozne paGoThl ObLIN MOMTyYEHbI MaTepUaibl sl OHOJIOTHYECKUX 0ObEKTOB Ha OCHOBE
MUKpOYACTHIL, MOIy4YeHHbIX MeTofoM lllToGepa u mocnenyromuM MUPOJIM30M a’3po30iei B
MPUCYTCTBHE aMMHAYHOTO KOMIUIEKca cepedpa. MaTepuan s Ta30BbIX CEHCOPOB MOTyYald
Ha OCHOBE Me30mopucToro auoxkcuaa kpemuuss MCM-41 ¢ aMuHorpymnmnaMu 1 mocjieayomum
JOpaIIMBaHUEM HaHOYACTHUI] cepedpa B BUJE IITACTHHOK.

[Tokazano, yTo mMaTepuanbl Il OMOJOTUYECKUX CEHCOPOB HE COAepxkaT MpUMeced U
obnamarotT mpenenom yyBctBuTenbHOCTH 10 0.1 HM Ha MonmenbHOM 00BekTe pomamuue 6G.
Wcnonp3ys npocteiiiine OMOXUMUYECKUE BO3IEHCTBUS, ObUIN MOITY4YEHbI CBHUETENbCTBA pa-
0OTHI JbIXaTEIbHOW IIEeTH, OICHEHbl W3MEHEHUS MEKMEMOPAHHOTO pacCTOsHUS, (PyHKIUU
IIPOTOHOB B JbIXaTEJIbHOU IIENH, PEIOKC - cocTosiHME IuToxpoma C. Marepuaisl A ra30BbIX
CEHCOPOB CEJIEKTHUBHO COPOMPOBAIA MUPUINH U3 Ta30BOM (a3bl U MO3BOJSUIN OMPENEIITh €ro
conepxanue menee 1 00.%.

Takum 00pazoM, MUKPOUYACTHIIBI JUOKCUAA KPEMHHUS JEKOPHUPOBAHHBIE CePEOPSHBIMU
HAHOYACTHUIIAMU SIBJISIIOTCS TIEPCIIEKTUBHBIM MOMU(YHKIIMOHATIBHBIM MaTepUAJIOM, TJe 3a CUET
BapbUpOBaHUs QYHKIUN MaTPUIBl MaTEpPHUA MOXKHO MMPUMEHHUTDH KaK B Ta30BOM aHAJIM3€E, TaK U
B U3yUYEHHH OMOXMMHUYECKUX MPOIECCOB KUBBIX OPTaHU3MOB.
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CTpoeHne U CBOMCTBA KOMILJIEKCOB AHMOHHBIX JIMIIOCOM € 0JIOKCO-
MOJIMMEPAMHU HA OCHOBE KBATEPHU30BAaHHOI'0
2-BUHMJINIMPUIMHA U 3THJICHOKCH/A.

Hesawros O.B.
PykoBoauTenu: K.X.H., 1o1ieHT EdbumoBa A.A.; K.X.H., c.H.c. Cpi0aunH
A.B.
a) 6)
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Puc. 1. Cerperanus monexyn KJI, Ber3BanHast ancopOrueit Ha MOBEpXHOCTH JTUIIOCOM
a) [IMBI14-I190450 1 6) IIMBI140-11904s

B nocnegnue necstuiietus ObUIM AOCTUTHYTHI 3HAYUTENbHBIE yCIEXW B 00JacTU Ha-
IIPaBJICHHOW U KOHTPOJIIMPYEMOM TOCTaBKHU TEPAIIEBTUYECKUX Ar€HTOB B OPraHU3M 4delloBeKa. B
YaCTHOCTH, MOSIBUWIKMCH JIEKAPCTBEHHBIE Mpenaparbl Ha OCHOBE JIMIIOCOM — MaJjibix cdepude-
ckux vactui (50-200 HM B aAuameTpe), 00pa30BaHHBIX OJHUM WJIM HECKOJIBKMMU JIMITHIHBIMU
OHCIIOSIMU U COZIEPKALIMMHU BO BHYTpEeHHEM 00bEMeE JeiicTByromlee BemecTtBo. Ha cerognsimi-
HUH JIEHb CIIMCOK JIMTIOCOMAJIBHBIX IPENapaToB MPOJOJKAET aKTUBHO MOMOJIHATHCS, a YUCIIO
KJIIMHAYECKHUX WCIBITAHUH — 3aBEPIIEHHBIX U ACHCTBYIOUIUX — UCUUCIISIETCS] COTHIMU. B cocTtaB
3HAUUTENIBHOTO KOJIMYECTBA TAaKMX IPENapaTroB BXOIAT MNoiauUMepbl. [lomMuMO MOBBILIEHHON
CTaOUIIBHOCTU B KPOBOTOKE M YJIYYIICHHBIX aJre€3UBHBIX CBOWCTB, MOJUMEPHI MOTYT TaK»Ke
NPUBOJIUTH U K HEXeNaTeNbHbIM 3((dekTaM, TaKuM Kak arperamnus 4acTHLl, CIHUSHUE, CTPYK-
TypHBIE TIEPECTPOHKH B MeMOpaHe u T.1. [lo3ToMy BcecTopoHHEe M3yueHHEe B3aUMOJICHCTBUS
IIOJIMMEPOB U JIMIIOCOM ITPEJICTABIISET HAa CETOAHSIIIHNMN AEHb aKTyalIbHYIO 33/1a4y.

B cBs13u ¢ 3THM, LIeTbI0 JAHHON pabOTHl CTANO0 M3ydYeHHE KOMIUIEKCOOOpa3oBaHUs Me-
YAy MajbIMH aHHOHHBIMHU JIMIIOCOMAaMH U COINOJIMMEpPAaMHU Ha OCHOBE KBAaTEPHU30BAHHOIO 2-
BUHWINHUPUANHA U 3TUICHOKCHIA. B yacTHOCTH, HE0OX0IMMO OBUIO BBISICHUTH KaK Ha B3aUMO-
JieiicTBUE BIMSIET JUIMHA KaXI0T0 U3 OJIOKOB, TaK KaK 3TOMY BOIPOCY TOYTH HE y/IEJIEHO BHH-
MaHUs B JIUTEpaType.

B pabote ncnonp3oBany Majible aHHOHHBIE JIMTIOCOMBI U3 AJIEKTPOHEHTPATLHOTO SAWY-
Horo ¢ocharumunxonuHa (DX) wu oTpumarenbHo 3apspkeHHOTO KapauonumnuuHa (KJT)
(KJI/®X=0.1). B mepBoif wactu pabOThl M3ydanu B3auMoOJeHcTBUE C TONMU-N-MeTHII-2-
BUHWITIUPpUAMHUN MeTuicyiabdarom (IIMBII) paznuunbix creneneit momumepusanuu (40, 270,
440). Hanee, Ha ocHoe IIMBII crtenenu mnomumepuzanuu 40 ObUIM TOMXY4YEeHBI OJOK-
conmotumepsl [IMBII ¢ sTriieHOKCHIOM pa3HbIX cTeneHer noaumepusanuu: 45, 210, 450. s
UCCIIEIOBaHU OOPAaTUMOCTH KOHTAaKTa HMCIIOJNB30BATH METOX (PIyopecleHlnd, ¢ MOMOIIBIO
KOHAYKTOMETPUHU OTPEAEIsIN, COMPOBOXKIAETCS U B3auMOJEHCTBUE OOpa3oBaHHEM Jedek-
TOB B MEMOpaHe, COCTaB KOMIUIEKCOB ObUT YCTAHOBJICH MPH IOMOIIH JIA3€PHOTO MUKPOIJIEK-
Tpodopesa, (ha3oBbie MEPEXoapl B MEMOpaHE JUIIOCOM M3ydainu nudQepeHnaibHON CKaHH-
pYIOLIEH KAIOPUMETPUEH, TOKCUYHOCTh KOMIUIEKCOB onpenesu npu nomowmw MTT Tecra.

BbI0 moka3aHo, 4TO CTENEHb NOJMMEPU3ALMH OJUKATHOHA OKA3bIBAET CYyILIECTBEHHOE
BJIIMSIHUE Ha €ro B3aUMOJCHCTBUE ¢ MeMOpaHO#. Tak, KOpOTKHIA MOJIUKATHOH B3aUMOJICHCTBY-
eT Toipko ¢ Monekyinamu KJI, pacrnonoxeHHbIMH BO BHEIIHEM CJ0€ MeMOpaHbl, B TO BpeMs
kak juuHHbI [IMBII Be3biBaeT ¢mumn-¢ion KJI. beuto ycraHoBieHo, 4TO B3auMOJEHCTBHE
6s10k-conosimMmepoB ¢ KJI/OX numocomaMu HOCHUT 3JIEKTPOCTATHUECKUI XapaKTep M SBISICTCS
obOparumbiM. CocTaB KOMIUIEKCOB B TOYKE HEHTpalIM3allMd MOBEPXHOCTHOTO 3apsiia CBHIE-
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TENbCTBYET O TOM, YTO OJIOK-COIOJMMEpPHI, BHE 3aBUCUMOCTU OT JJIMHBI ¢parmeHta [190,
B3anMoeicTBYI0T Tosbko ¢ KJI Bo BHemHeM crmoe meMmOpanbl. OHAKO pazmep 00pazyeMbIx
KJIACTEPOB 3aBUCHUT OT creneHu nonuMmepuzanuu [190. MakcumanbpHas —cerperamus
Habmomaetcst st 6nok-cononumepa [IMBIL4-I1304s, B KOTOpOM ATUHBI OIOKOB COMOCTaBU-
MBI (puc. 1).

Takum o6pazom, B JaHHOI paboTe MoKa3aHO, YTO CTENEHb MOJIMMEPHU3aIUH MOJINKATH-
OHHOro OJi0Ka, a Takke O6oka [120 oka3pIBalOT CYIIECTBEHHOE BIUSHUE HA COCTaB U CTPOE-
HUE KOMILIEKCOB COTOJIMMEPOB C TUMUIHBIMU MEMOpaHaMH.
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CuHTe3 M CBOIICTBA CMemAaHHbIX a3poreden Si0,-TiO,
Epos X.0.

PykoBoaurelnb: K.X.H., C.H.C. bapanunkoB A.E.

Absporenu npeacTaBisAioT co00M YHUKaJIbHbIE MaTEpUasIbl, XapaKTEPU3YIOLIUECS BBICO-
KOM MOPUCTOCTBIO U YJEIBbHONW MOBEPXHOCTHIO, HU3KOH IUIOTHOCTBIO U TEIIONPOBOJAHOCTHIO.
OcoOblif HHTEpeC BBI3BIBAET BO3MOKHOCTH MOJIYYEHHsI KOMIIO3UTOB, COUYETAIOIIMX 3TU Xapak-
TEPUCTUKH C BBICOKOM KaTaJIUTUYECKON aKTUBHOCTBHIO. B KauecTBe MmOJOOHBIX CHCTEM Mpen-
JI0KEHO MCTIONIB30BaTh CMEIaHHbIe asporenu Ha ocHOBE Si0;,-Ti0,, KOTOphIe MOTYT OBITH UC-
HOJIb30BaHbl B KaYeCTBE KAaTAJIU3aTOPOB (M30MEPU3ALUU U STMOKCUAUPOBAHUS AJIKEHOB) U (o-
TOKATaJIN3aTOPOB ((POTOMHIYIIUPOBAHHOE DPA3JI0KEHHE OPraHMYECKUX 3arpsi3HEHUN BOJBI U
BO3/yxa). Asporenu Ha ocHOBe Si0,-TiO; mosyyaroT 30/1b-rejib METOJIOM, C MCIIOJIb30BaHUEM
CBEPXKpHUTHUYECKOH cymiku. B xadectBe cBepxkpurndeckux (monnoB (CKD) B ocHOBHOM Hc-
nonb3ytoT cnuptel (MeOH, EtOH u iPrOH) u CO,. Tem He MeHee, XapaKTep BIMSHUS THIA
ucnonszyemoro CK® Ha pusmko-xumMudeckne cBoicTBa asporeneit Ha ocHoBe Si0,-TiO; oc-
TaeTcs NPAaKTUYECKU HEM3YUCHHBIM.

enpro Hacrosimeil paboOTHI SBJSIACH pa3pabOTKa METOIOB TOJYYCHHS CMEIIaHHBIX
asporeineit Si0,-TiO; ¢ ncnoab30BaHNEM HOBBIX CBEPXKPUTHUYECKUX cpef (moiaudTopupoBaH-

28



HBIX CIIUPTOB M TMPOCTHIX 3(PHUPOB), a TAKXKE aHAIU3 TEPMUUYECKOTO MOBEACHUS MOJTYyUYEHHBIX
a’poreseu.

Cmemannbpie adporenn Ha ocHoBe Si0,-TiO, pasmuunoro cocraBa (0-50 monbH. %
TiO,) ObIIM CHHTE3UPOBAHBI 30Jb-T€JIb METOJIOM C MCIIOJIb30BaHHEM TETPaMETOKCHCHUIIaHA
(TMOC) wu Tterpamsonponokcuaa tutana (TUII). C wnenplo gocTUXeHHs Kpocc-
HoJMMepH3alMy npeaBapuTensbHo npoBoauau ruapoans TMOC u moxudunuposanue TUII
anerwnaneToHoM. CyliKy jvoreinedl NpPOBOAWIM C HCIOJB30BAHUEM KakK TPaJUIIMOHHBIX
cBepxkputudeckux cpel: uzomnpomnatona (iPrOH) u CO,, Tak u paHee He UCHOIb30BABILUXCS
s momydenust  asporeneir  SiO,-TiO,  rekcadropuzompomnanona  (IOUI) u
MeTUI-TpeTOyTunoBoro 3¢upa (MTBED). Takxke OblI IpoBeeH TEPMUUECKUI OTKHUT 00pa31oB
asporeneit B auanazone temmeparyp 300°C—-1200°C. [lomyueHnnbie 00pa3iibl OBLIN OXapakKTe-
PH30BaHbI C UCIIOJIH30BAHUEM METOJIOB HU3KOTEMIIepaTypHOu aacopomuu azora (moaenu BET
u BJH), POA, POM u PCMA, TI'A/ATA, Taxxe Oblia MpoBeieHa OIICHKA MX (POTOKATAINTH-
YeCKOM aKTMBHOCTH B MOJIENBHOM peakiuu (GoToAerpagalnu KpUCTALIMYECKOro (GhruoaeToBo-
ro.

Bce monyuennbie cmemanabie adporenu Si0,-TiO, xapakTepu30BaluCh BBICOKOM
yAeTpHOU Momaapio noBepxHoctu (400—-1200 Mz/r). BHe 3aBHCMMOCTH OT HMCHOJIB3yEMOIO
CBEPXKPUTHYECKOTO (Ironaa MUKpOCTpyKTypa asporeneit Si0,-TiO, XxapakTepusyroTcsi OT-
CYTCTBHEM KPYMHBIX Me301op (auamMerpom Oosiee 20 HM), U CYLIECTBEHHBIN BKJIa/ B BBICOKYIO
YAEIbHYIO IUIOIIAAb IOBEPXHOCTH a3poresieil BHOCAT MUKPOIOPHI, B 0COOEHHOCTH MPH IpOBeE-
nenun cymku B CO,. Mcnons3zoBanne CK® ¢ OTHOCUTENBHO HU3KOM KPUTHYECKOW TeMIiepa-
Typoil (TOUII, tpur=182°C u COs, tipur=31°C) npuBeno K MOIy4eHUIO PEHTTE€HOAMOP(PHBIX
asporeneid. C npyroil CTOpPOHBI, IPU MCHOIb30BAHUU U30IPONaHONA (fpur = 235 C) 1 MTBD
(tour = 224 C) adporenu copepkajld HAHOKPHCTAJUIMYECKUH aHara3 (pasmMep 4YacTHIL
10-20 um). IToka3aHo, 4TO TEKCTYpHbIE XapaKTEPUCTUKU U MUKPOCTPYKTYpa MOJyUYEHHBIX a3-
poreneil NMpakTHUYECKW HE H3MEHSAIOTCS NpPU UX TepMUYecKod o0paboTke 10 Temmeparyp
~600°C. CwmemaHHble a’poresid Mokazaiu (POTOKATATUTHUYECKYIO aKTUBHOCTh B Ipoleccax
doTonerpanan OpraHnYeCKUX KpacuTenei.

Takum oOpazoM, B Xojie paboThI ¢ ucmoab3oBanueM psaga CK®D momyueHsl cMeniaHHbIe
asporenu Ha ocHoBe Si0,-TiO, u ycranoBneHo, uro npupojga CK®D cymecTBeHHBIM 00pa3zoM
oIpesieNnseT TEeKCTYPHbIE XapaKTEepPUCTHKH, (a30BbIi COCTaB U TEPMUUYECKOE MTOBEIEHUE TAKHX
asporenei.
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Jiutuiiconepxamme pocdarsl BaHATUA KAK KATOJIHbIE
MaTepHUaJIbl ISl JTUTHIN-UOHHBIX AKKYMYJISITOPOB

l'onybes A.B.

PykoBoauTens: K.X.H., B.H.C. XacaHoBa H.P.

Pa3BuTHe anbTepHATUBHON HPHEPTreTUKH U YBEIHMUYCHHUE €€ POJIM B TIPOU3BOJCTBE DJICK-
TPOIHEPTUU TECHEUITUM 00pa3oM CBSI3aHO C HAJIMYHEM TEXHOJIOTUMN, MO3BOJIAIOMIUX aKKyMy-
JUPOBATH OOJBIIOE KOJUYECTBO dHEpruu. Ha cerogHsmanii 1eHb 0€3yCIIOBHBIM ()IarMaHoOM B
pa3pelieHnuu JaHHBIX BOIMPOCOB SBISIOTCA TUTHI-HOHHBIE akKKyMyIsaTopsl (JIMA). OcHoBHOMU
IIPUYMHON, HE TMO3BOJIIIOLIEH HCNONb30BaTh JIMA B NPOMBINIIEHHOCTH, SIBISETCA HU3Kas
yAenbHasi SHEProéMKOCTh KaTOJHOTO MarepHuana. PemuTs naHHyro mpoOieMy MOXHO IMyTeM
MOJIYYCHUSI MaTepUajoB, I KOTOPBIX pEATU3yIOTCS OOpaTUMbIE MHOTOXJIEKTPOHHBIE
MEPEXO/IBI.

BBIGOp COCHMHEHHS, COIEpKAIEro V| B KadecTBE KATHOHA IEPEXOIHOTO MeTaylia
00yCIIOBJIEH BO3MOXHOCTHIO MHOTORJIEKTPOHHOTO AMEKTPOXUMUYECKOTO OKHCIICHUSI BaHAIMS B
JIOCTYITHOM JMana3oHe MoTeHuuanos 3.6 — 4.5 B (yexamux B mpejesiax OKHa yCTOWYMBOCTU
KOMMEPUYECKUX AJIEKTPOIUTOB). B Hacrosimelt paboTe mccienoBaH CIOUCTBIA mupodocdat-
docdar mutus Baragusa(I1l) LigVi(P,07)3(PO4),, obmanarommii yaeIbHON YHEPTOEMKOCTHIO B
700 Bt*u/r, uro Ha 20% Oobiie yeM y komMmepuuanuzoBanHoro LiFePO,. Heoqno3HauHOCTH
MPEJICTABIICHHBIX B JIATEPATYPE JAHHBIX O AICKTPOXUMHUUYCCKUX CBOMCTBAX COCIMHEHUS TAKIKE
crocoOcTBOBaja ero BIOOpY B KauecTBe 00bEKTa MccieqoBanus. Takum o0pa3om, LEenbio Ha-
CTOSIIIIEN pabOTHI SABJISETCS TOJYYCHHE M HCCIEOBAaHUE KAaTOAHOTO Marepuaja Ha OCHOBE
LigV3(P207)3(PO4)s,.

Coenunenune LigV3(P207)3(PO4); nmomyueHo TBepAoda3HbIM, 30J1b-Tellb, KPUOXUMHUYE-
CKUM U METOJOM IUPOJIH3a adpo30Js (MOCIeAHUMH IBYMsS - BIepBbie). Bece momydeHHble Ma-
Tepuaibl uccienoBanbl Merogamu POA, COM. [Ins oTAeIbHBIX 00pa3IoB MPOBOIUIHN DJIEK-
TPOXUMHUECKHUE U3MEPEHHUSI.

OtpaboTaHbl METOMUKH TONy4deHHs coenuHeHus LigV3(P207)3(PO4), TBepmodazabiM,
30J1b-T€J1b, KPUOXUMUYECKUM U METOJIOM MUPOIIU3a adpo30st [ BceX METO0B YCTaHOBJICHBI
TEMIIEPATyPHBIC WHTEPBAIBI TOJYYEHUS MCKOMOW (ha3bl. BEBISIBICHO BIIMSHHE TEeMIIEpaTyphl
MOJTyYeHHUsI paCTBOPOB Ha 00pa30BaHHE UCKOMOTO COCTUHEHHUSI 30J1b-TelIb METO oM. He BBIsB-
JICHa BO3MOKHOCTh 00pa3oBaHus HeCTeXuoMeTpuieckux 1o ¢gochopy das. [IpogemoncTpupo-
BaHO, 4TO B ClIy4ae 0Opa30BaHMs MPUMECHBIX (a3, TOTMOTHUTEIbHBIA OTXKHUT U J00aBKa U30bI-
TOYHBIX KoJIM4ecTB Li 1 P B HCXOMHYIO PEaKIMOHHYIO CMECh, HE MPUBOJAT K IMOTYUCHHIO OJI-
HodazHoro LigV3(P207)3(PO4),. Martepuar, nokaspiBaromuii HAaHOOIBITYI0O EMKOCTh Ha pa3ps-
e, TIOJIY9ICH 30J1b-relib MeToIoM (50% ot Teopernueckoii C/20).

Martepuasbl, MOTy4YeHHbIE PA3TUYHBIMU METOAAMH CHHTE3a MPOSBISIOT SJIEKTPOXUMHU-
YECKYI0 aKTUBHOCTb, JEMOHCTPUPYSI EMKOCTh Ha paspsze 10 50% oT TeopeTuyecKoil.

Cunre3, pyHKUMOHATU3ANUA U PU3UKO-XHUMHYECKOE MCCJIeI0Ba-
HHE HAHOYACTHIl MATHETHUTA I OMOMEIUIMHCKOI0 NPUMEHEeHH
E¢pemosa M.B.

PykoBonutenu: a.x.H., npod. Kmsuko H.JL., a.x.1., nou. Maxyra A.T.

B nocnennee aecsarunetre MmaruuTHble HaHouacTuibl (MHY) okcunoB xenes3a nomy4u-
JM IIHUPOKOE PACHpPOCTpaHEHHE B OMOMETUIIMHCKUX MCCIIEAOBAHUIX U MpakTHke. B psae myo-
mukanuii MHY npensokeHo Mcnosib30BaTh 71 JIEYEHHsI PAKOBBIX 3a00JI€BaHU METOJIOM T'H-
NEPTEPMHUH, TPAHCIIOPTUPOBKU M AAPECHOM IOCTAaBKM JIEKapCTB, AJI IOJYUYEHHUS OITyXOJIb-
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cenekTuBHBIX MPT-koHTpacTupyronmx areHToB. M3BeCTHBI MONBITKM Mcnoiab30BaHus MHY B

KayeCTBE areéHTOB — MOCPEAHUKOB TUCTAHIIMOHHOTO YIPABICHUS OMOXUMHUYECKHUMH pEaKIusi-

mu. [Tokpertne MHY paznuunabsiMu 0005109KaMu (B 4aCTHOCTH, 30JI0TOM) YMEHBIIAET UX arpe-

Taluio B pacTBOpPE, CHIKAeT TOKCHYHOCTD ISl OpraHu3Ma u o0serdaet QyHKIMOHATU3AIINIO.

B cBs3M ¢ U310KEHHBIM, CUHTE3 U MCCIIE0BAHNE CUCTEM Ha OCHOBE HAHOYACTHI] Mar-
HETHUTAa C 33JaHHBIMU CBOWMCTBAMU JJIsi OMOMEIUIIMHCKOTO TIPUMEHEHUS SBIISIIOTCS KpaiiHe ak-
TyaJIbHBIMH, YTO U CTajo LIEJbI0 JaHHOU pa®oThl. B 3amaum uccienoBaHusi BXOAWIN: CUHTE3
HAHOYACTHI] MArHETUTA U UX TOKPHITHE 30JI0TOM 000JIOUKOI; ONTUMHU3ALINUS METOTUKNA CHHTE-
3a, OYUCTKU U KOHIIEHTPUPOBAHUS MTOJIyYEHHBIX HAHOYACTHI]; PYHKIIMOHAIU3AIMS HAHOYACTHLL
CEpOCOIePKaIMMH JTUTaHJaMU; KOMIUIEKCHOE (PH3UKO-XUMUYECKOE UCCIEN0BaHHe 00pasiioB,
BKJTIOYAsl OIpEJENIEHUEe CKOPOCTH IOTEpeuHoi penakcauuu Ry; mMoamdukanms HaHOYACTHIL
(dbepMEHTOM U U3yUYeHHE BIUSHUS MAarHUTHOTO TOJIS HA MOJIYY€HHbBIE CUCTEMBI.

HanouacTuisl MarHeTuTa nmojydyaid METOJOM COOCAXJIEHUS BOJHBIX PacTBOPOB XJIO-
punoB xenesa (II, III), 3areM mokpsIBaIM 30J10TON 0OOTOYKON MyTEM BOCCTAHOBJICHHS 30J10-
TOXJIOPUCTOBOAOPOJHON KUCIOTHI IUTPATOM HATpus, TMO0 THIPOXJIOPUIOM T'HIAPOKCUIAMHHA.
Jlns 04MCTKU OT M30BITKa MarHETHTa HMCIONb30BaIM XpoMaTorpaduio Ha Sephadex, a Takxke
neaTpudyruposanue. [locneanuit moaxon, a TaKke JUOPHITU3AIMIIO, UCTIOIH30BAIHN IS KOH-
HEHTpUpOoBaHUusa 00pa3uoB. [lomyueHHble HAHOYACTHUIBI OBUTH (PYHKIIMOHAIU30BAHBI CEPOCO-
JIepkamuMu urasgamu (mepkanto-I13I-kucnorol, nunoeBoit kuciaotTor u ap.). B xauectse
dbepmenTa st MoaubUKaUK ObLT BRIOPAH XMMOTPHUIICHH, aMUHOTPYIIIBI KOTOPOTO KOBAJICHT-
HO CBSI3BIBJIMCH C KAPOOKCUJIBHBIMU TPYIIIaMHU JIUTAHAA.

Ha mepBom »Tame cuHTe3a OBLIM MOJYYEHbI HAHOYACTHUIIBI MAarHETHUTAa AHAMETPOM
8+2 uM (oxapakrtepu3oBanbl MeTogamu [1OM, POA). Takxxe ObLTHM U3ydeHBI TUHAMHUYECKUE U
CTaTUYECKHE MarHUTHbIE CBOMCTBa HaHouyacTul. [lomydeHHble 3HAYEHUST HAMArHMYEHHOCTHU
HACBIIICHUS W KOIPIUTHBHOW CHIIBI COCTaBISAIOT 60-65 3.M.e./r u 35-50 D, COOTBETCTBEHHO,
YTO TUIUYHO JJII MarHeTUTa, HaXoAsIIerocs B peppuMarHuTHOM coctosiHuu. [locne mokpsei-
THUS 30JI0TOM JHaMETp YacTull BapbupoBaics oT 20+5 Hm 10 40+5 HM. YCTaHOBIEHO, YTO OI-
TUMaJIbHBIM METOJIOM OYHCTKH M KOHIIEHTPUPOBAHUS YaCTUI SABJSETCS LEHTPUDYTUPOBAHHUE.
[TonmyueHne CTPYKTYpbI «s11p0o-000104Ka» ObLIO A0KazaHo MeTogoM [I9M Beicokoro paspe-
meHust B copokynHoct ¢ PCMA, B x0/1€ KOTOpPOro ObUIO OOHAPYKEHO OJTHOBPEMEHHOE MPH-
cyrctBue K-nmunuit xeneza u M-nunuii 301m0ta B cnekrpe. [lo nanasim MCII MC, maccoBoe
COOTHONIEHUE MarHeTut/30510T0 coctarisuio 0,01-0,25, 9To KOppenupyeT ¢ TeOpPeTHUYECKUMU
pacuetamu. [lo pesynpraTaM u3MepeHus: peaakcuBHOCTH, Ry = 250-300 MM™c”! 15 marsern-
Ta, 150-300 MM ¢! JUIS. MAaTHETHUTA, TMTOKPBITOTO 30JI0TOW 00O0JIOYKOM, YTO MPEBOCXOAUT aHA-
JIOTUYHYIO BEJIMYMHY JUIsI KOMMepUecKnX MP-KOHTpacTHBIX areHTOB. YCTaHOBJIEHO BIIHSHUE
MEPEMEHHOT0 MarHUTHOTO TOJIS Ha KaTaTUTUYECKYI0 aKTUBHOCTh XUMOTPUIICHA, IMMOOMIIN-
3oBanHoro Ha MHY, a umenHo ee cHmkenue Ha 30-50%.

Takum 00pa3om, B X0jie pabOTHl ObUTH CHHTE3UPOBAHBI M 0XapaKTEPHU30BaAHBI CUCTEMBI
Ha OCHOBE HAHOYACTHIl MarHeTUTa, NEPCIEKTUBHBIE U1 IPUMEHEHUS B KaueCTBE KOHTpPACT-
HBIX areHToB B MP-toMorpadum, a Takxe A AUCTAaHIIMOHHOTO PeryJIHpOBaHUs KaTaJuTHYe-
CKOM aKTUBHOCTH (pepMEHTa, YTO MOXKET J1aTh HOBBIA CHOCOO yNpaBlieHUs aJpecHON TOCTaB-
KO JIEKAPCTB M OTKPBIBAET IyTh K HOBBIM THUIIAM JIEKAPCTBEHHBIX MPENAPATOB — TEPAHOCTHU-
KaM.
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HaHopa3MepHbIe KOMILIEKCHI CYNIEPOKCHIMCMYTA3bI ISl Tepa-
MU HelipoJereHepaTUBHbIX 3200J/IeBaAHNM

Anexcawrkun A./1.

PykoBonutenu: a.x.H., npod. Kmsuko H.JL., k.x.H., c.H.c. Hykonosa H.B.

MHoecTBO 3a00J€BaHNi, HAUMHAS OT HEWPOJEreHEepaTUBHBIX M 3aKaHYMBas HEKOTO-
PBIMH BHJIAMH OHKOJIOTHH, CBS3aHbI ¢ M30BITOYHBIM IMPOU3BOJCTBOM aKTHBHBIX (POPM KHUCIIO-
pona. BBeneHue NOMOIHUTENBHBIX AHTHOKCHIAHTOB MOXKET CIOCOOCTBOBATH YMEHBIIECHHUIO
BOCTIJICHUs. AHTHOKCUAAaHTHBIE (hepMeHThI — cynepokcuaaucmyrtasa (CO/l) u kartanasza — ca-
MbIe 3(PEKTUBHBIE KaTaIU3aTOPHI, CYHIECTBYIOIKUE B mpupoje. K coxxaneHuto, BBeleHHE Ha-
TUBHBIX ()EPMEHTOB HEAPPEKTUBHO BCIEJICTBHE OBICTPOrO BHIBEIECHUS U3 OpraHU3Ma U HecTa-
ounsHOCTH B KpoBu. ['pymnma KabanoBa A.B. pa3paborana Tak Ha3bIBa€MbIe «HAHO3MMBD) —
HaHOPa3MEpHbIE YACTUIBl HA OCHOBE OJIOK-MOHOMEPHBIX KOMIIJIEKCOB OTPHLATENILHO 3apsi-
KEHHBIX MOJIEKYJI ()EPMEHTOB U MOJIOKUTEIBHO 3apsKEHHBIX OJIOK-COMOJIMMEPOB (B YaCTHO-
CTH, TMOJMIM3UH-TIOIUAITUICHIJIMKOIB), CTAa0WIN3UPOBAHHBIE IEPEKPECTHBIMH CIIMBKAMHU.
Jlannbie yacTuisl umenu pasmepsl 30-40 HM 1 B KaKOW-TO Mepe 3aiumaiy (epMeHT OT MHAK-
tuBaiMu. OJ1HaKo, OBICTPOE BBIBEJCHHE M3 OpraHu3Ma He MO3BOJISI0 3PPEKTUBHO UCIOIB30-
BaTh TepaneBTuueckuii norennuan CO/I.

Ienbto nanHON paboThl OblIa pa3paboTka HOBOrO BUJa HaHOpa3MepHbIX yacTul CO/L,
KOTOpbIE CHJIbHEE YJEPKHBAIOT MOJEKYJbl (pepMEHTa M, TAaKUM 00pa3oM, JOJbIIE IUPKYJIIH-
pPYIOT B OpraHuM3Me, 4TO NPUBOIUT K MOBBIIMICHUIO TepaneBTHYeCKOU 3¢ ¢dexkTuBHOCTH. [ns
JOCTIDKEHUSI TTOCTABJICHHOW IIETT MBI ONITUMH3HPOBAII METOJMKY CHHTE3a, UCCIICAOBAIH (H-
3MKO-XMMHUYECKUE CBOMCTBA YacTHl], pa3pabaThIBald HOBbIE METObl CUHTE3a, MPOBOAUIH in
Vitro ¥ in vivo UCCIEAOBaHUs.

JU1sl KaueCTBEHHOT0 YJIyUlIeHUs (PU3MKO-XUMUYECKUX U OMOJIOTHYECKUX CBOWCTB yac-
THUI] TPEIIOKIIA MOAU(DUIIUPOBATh METOAMKY CHHTE3a, 100aBUB B CHCTEMY BTOPOM CIIOH —
OTPULATEIILHO 3apsyKEHHBIN MOJIUTITY TAMAT-IIOJIUITHIICHTJINKOJb.

Takast MmoguduKanys NO3BOIMIA PU COXPAHEHUH AKTUBHOCTH (DepMEHTa yBEIUYUTH
CTENEHb CIIMBKHU YACTHIL, YTO, B CBOIO OYEPElb, TO3BOJIMIIO YBEIUYHUTH CTECIICHD YACPKUBAHU
CO/] B yacTuiax, yBeJIMYUTh BPEMs LUPKYJISILUN B OPraHU3ME U YIIyUIINTh TEPAIEBTUUECKUI
3¢ deKT Ha MOJIENIM KOHTY3MOHHOW TPaBMbl CHUHHOTO MO3I'a y KpBIC.
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Taxum oOpazom, HamMu ObUT pazpaboTaH HOBBIN BuA HaHOpasMepHbIX yactuly COJl, xo-

Topbie dPPEeKTUBHEE YIACPKUBAIOT (PEPMEHT U, BCICACTBHE 3TOr0, 00JIaal0T 3HAYUTEIIbHBIM
TEPAeBTHYECKUM IPPEKTOM.
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Pa3zpaboTka JUIOCOM JJIs1 AAPEeCHOM JOCTABKHU HMCILIATUHA B
OITyXO0JIb I'0JIOBHOT'0 MO03I'a C NMOBBIILIEHHOM KCcIIpeccuent pakropa
pocTa SHAOTEJUA COCYA0B

Kysueyoe U.H.

PykoBoauTenu: x.x.H., c.H.c. HykonoBa H.B., 1.x.H., mpod. Kistuko H.JI.

Onyxonu Mo3ra XapakTepu3yloTcs BBICOKOM CTETIEHbIO BAaCKYJIIpU3alliH, TOBBIIIEHHON
MPOHUIIAEMOCTHI0 COCYJIOB M HApPYyIICHHWEM IEIOCTHOCTU TeMaTodHIepalIndeckoro dapnepa.
DT 0COOEHHOCTH CTPYKTYpPBI COCYJIMCTOW CETH MO3BOJIAIOT HAHOpPA3MEPHBIM YacTHLAM, Ta-
KUM KakK JIMIIOCOMBI, IPOHUKATh U3 KPOBOTOKA M HAKAIUIMBATHCA B OIMyXOJIEBOW TKaHW. J[ist
obecrieueHns apeCHOCTH JOCTAaBKM OCHOBHOMW 3aj[a4yeil SBISETCS MOA00p Crenu(pUIHOM, TH-
MEPIKCIIPECCUPOBAHHON U JOCTYIHOM JJISI CBSA3BIBAHUS C BEKTOPHOM MOJIEKYJIOM MUIIEHH.
31oKayecTBEHHbIE HOBOOOPA30BaHUs, B TOM YHUCIIE€ OIyXOJIH MO3Ta, UMEIOT BBICOKHI ypOBEHb
sKkcnpeccuu ¢akropa pocta suaoTenus cocynoB (VEGF), moaTomy MOXHO monaratb, 4To MC-
MOJIb30BaHME B KAaYECTBE BEKTOPHBIX TI'PYINI MOHOKJIOHaJIbHBIX aHTUTEN K VEGF mo3Bosut
00ecCrevnTh CeJIeKTUBHOE HAKOIUICHHE B OIYXOJIEBOM TKAHH.

[ens manHOW pabOTHI 3aKIIOYAaCh B pa3pabOTKe CTAOMIIBHBIX BEKTOPHBIX JIMIIOCOM,
3¢ (hEeKTUBHO 3arpy>KeHHBIX ITUCTUIATUHOM, U M3yYE€HUU BO3MOXKHOCTU UCTIOIB30BAHUS MX IS
HaIpPaBJIEHHOTO TPAHCIOPTA JIEKAPCTBEHHOT'O Iperapara B OIyX0Jib TOJIOBHOTO MO3Ta.

CuHHTEe3 JUMOCOM TMPOBOIWIHA MyTEM SMYJIIUPOBAHUS JIUMUIHOW OOOJIOUKH, COCTOSI-
e U3 cMecu pa3iuyHbIX (OCPOTUNNA0B, B BOAHOM pacTBope cosu miaTuHbl. Konbloraiuo
nunocoM ¢ MoHokJoHabHBIMU aHTUTeNamMu K VEGF, VEGFR2 u 1gG (B kauecTBe KOHTPOJIA)
IPOBOAMIIN IyTEM MPUCOEIWHEHUS aKTHUBHUPOBAHHBIX AHTHUTEN K JIMIIOCOMAaM, COJAEp KalluM
MajeuMHIHBICe TpyIIbl. CBOOOIHOE IEKAPCTBO M HECBSA3ABIIMECS aHTUTENA OTICISIIN TIPH TI0-
MOIIK Tefib-(QUIbTpalMOHHON Xpomartorpaduu. g ompeneneHuss GU3NKO-XUMHUYECKUX Xa-
PaKTEPUCTUK JIMIIOCOM HCIOIB30BATH METOJ[ TUHAMUYECKOTO CBETOPACCESHHS, MPOCBEYH-
BAaIOIIYIO AJIEKTPOHHYIO MUKPOCKOIIUIO M PEHTreHO(IyopecleHTHbIN aHanu3. MMmyHoXxuMu-
YECKYI0 aKTUBHOCTh KOHBIOTHPOBAHHBIX AHTUTEN OMPEIEISUTN C MOMOIIBI0 UMMYHO(DEepMEHT-
HOro aHanu3a. [{luTOTOKCHYHOCTh MOJyUYEHHBIX MpEenapaToB Obljla U3ydeHa Ha KyJIbType Kie-
ToK riroMbl C6, ucnonb3yst MTT-rect. OrieHKy HAaKOIUICHHSI JTUTIOCOM B OIYXOJHU TOJIOBHOTO
MO3ra y KpbIC MPOBOAMIM Yepe3 48 4acoB Mociie BHYyTPUBEHHOTO BBEJIEHUS MPENaparoB ¢ MO-
MOIIBI0 ()IIyOpECIIEHTHOTO aHanm3a Ha cpe3ax rmmombel C6 (DMI 6000, Leica, 'epmanms).
Nzyyenne ¢dapMakOKMHETHKH MPOBOIWIA IYyTEM OIpeAeseHUs] KOHLEHTpauuu Pt meromom
MacCC-CIIEKTPOMETPUHU C WHAYKTHBHO CBSI3aHHOH IIa3MO# B TedeHHE 48 4acoB MOCie BHYTPH-
BEHHOT'O BBEJCHUS MPEMapaToOB.

B pe3ynbrate paboThl OBLTH YCIEIIHO CHHTE3UPOBAHBI CTAOMIIBHBIC OTPUIATENHHO 3a-
PSYKEHHBIE BEKTOPHBIE JIMIIOCOMBI. MaKkcuMaibHasi eMKOCTh 3arpy3ku coctaBuia 21+3 %, uto
BIBOC OoibIlle 3arpy3Kd KOMMEPUYECKH JIOCTYIHBIX JUIOCOMAIBHBIX HAHOYACTHUI
(Lipoplatin®). UMMyHOXHMMHYECKasi aKTUBHOCTh aHTUTEJ COXPAHSIIACH MTOCIIE MX KOHBIOTAIIMHI
C TUTIOCOMAaMHU, YTO CBHJICTEIBCTBYET O TOM, YTO pa3paOOTaHHBIA METOJ| CHHTE3a HE 3aTparu-
BaJl aKTUBHBIC IIEHTPHI aHTHUTEN. VCcrmosib30BaHue CHEUPUICCKIX MOHOKJIOHATBHBIX aHTHTEI
MO3BOJIMJIO MPUMEPHO BJIBOE YBEITUYUTh TOKCHYHOCTh cucTeMbl it VEGF-no3uTuBHBIX Kite-
TOK TJTHOMBI. DIIyOpECIIEHTHBIA aHalu3 cpe30B riauombl C6 moka3an 3HaYUTEIBHO OOJiee BBI-
COKHI1 ypOBEHb HAKOILJICHUS JTUIOCOM, KOHBIOTHPOBAHHBIX CO CHEIU(PUISCKIMHI aHTUTEIaMHU,
B OIYXOJICBOM TKAHU MO3Ta KPBIC TI0 CPAaBHEHUIO C HEBEKTOPHBIMU U HECTICITU(DUICCKIMH Jac-
TUIIAMU TI0CJI€ BHYTPUBEHHOT'O BBEJICHUS TIPETIapaToB.

Takum 00pa3om, B Xoze pabOThl OBUIH MTOJTYYCHBI CTAOMIHHBIC BEKTOPHBIC JTUIIOCOMBI C
BBICOKOM €MKOCTBIO 3arpy3Kd IUCILUIATHHOM U MOKa3aHa BO3MOYKHOCTh MCIIOJIb30BAHMS TaKOH
CHUCTEMBI JJII HAMPaBJICHHOTO TPAHCIIOPTA JIEKAPCTBEHHOTO TpErapara B OMYyXOJdb TOJOBHOTO
MoO3ra.
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(I)OpMI/IpOBaHI/Ie H UCCJICAOBAHUEC HAHOCTPYKTYPHUPOBAHHOTO
MaTepuajgaa AJasas MEAUIUHCKHUX I/I3IleJII/II71 THIIA KCTEHT» C
YAYYIICHHBIMHU 3KCIUIYaTAIUOHHBIMHA CBOMCTBAMH

Buxboea I H.

PykoBoautens: A.1.H., 3aM. aupekropa UMET PAH, 3aB. na6. Konmmakos A.T'.

B nocnennee BpeMs B pa3iUYHbIX HAIPABICHUAX MEIULMHBI CTAJ IPUMEHSATHCSI HOBBIN
KJ1acC OMOCOBMECTUMBIX MAaTEPHAJIOB — CBEPXUIACTUYHBIE CIUIaBbI ¢ MaMAThI0 Gopmbl. Hanbo-
Jee paclupOoCTPaHEHHBIM SIBJISIETCS HMKENIUJ THTaHA, WIM HUTHUHOJ, OoOjanaromui (u3uKo-
MEXaHUYECKUMHU CBOWMCTBaMHU OJM3KUMHU K TKaHsIM opraHu3zMa. Ho Bo3HHKIIa MOTpeGHOCTH B
YBEJIMYEHUHU CPOKa CIIy>KObI M3JEJIUH MOCIe YCTAHOBKU HUX B OPraHU3M KaK MHHHMYM B JBa
paza A Toro, 4ToObl HE IPOBOANUTH MOBTOPHBIX OMEpalUi IS UX U3BJICUEHUS M 3aMEHbI Ha
HOBBIE.

Takum oOpa3omM, Lenbio pabOThl CTATO CO3/aHUE HOBOI'O MEIUIIMHCKOTO MaTepuaia,
HaunOoJiee MOAXOIAIIErO sl IPUMEHEHUS B YeJIOBEUYECKOM OPraHM3Me: ¢ MAKCHUMAJIbHO BBICO-
KOl OMOCOBMECTUMOCTBIO M 3HAYUTENIBHO YIYYIIEHHBIMH KOMIUIEKCOM CBOMCTB M CPOKOM
ciy>xO0bl. [Ing pocTwkeHus 3TOM Lenau ObUIM MOCTaBIIEHBI ClEAyloIue 3aaadu: 1) cozmaHue
HaHOCTpyKTypupoBaHHoro TiNi; 2) n3ydeHue CTPyKTypbl U (PU3UKO-XHMUYECKUX CBOICTB U
BJIMSIHUS HA HUX PA3JIMYHBIX BUI0B 00pabOTKH.

Marepuanom i UCCIEIOBAaHUM CITYKUIM MPOBOJOKH AuaMeTpoM 280 MKM M3 HaHO-
CTPYKTYpHOTO HUKeJIua TuTaHa cocrana 55,91 mac. % Ni — 44,03 mac.% Ti, noiaydeHHsble my-
TEM IpPOKaTa, KOBKM M BOJIOYEHUS. 3aTEM MPOBOIMIM IIIU(POBKY MOBEPXHOCTH U OTKUT MPU
450°C. [na onpeneneHuss XapakKTEpUCTUK CO3/1aBa€MbIX MaTepHalIOB IIPOBOJMIM PEHTTEHOCT-
PYKTypHbIE, MUKpOCTpyKTHBIE, [IOM, COM wuccnenoBanusi, aHaau3 BbIXOAAa HOHOB B KMJIKYIO
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cpeny ¢ nomortisio ADC ¢ UII, ctarnueckne MeXaHMYECKUE UCTIBITAaHUS.

MUKpPOTBEpAOCTh HAHOCTPYKTYpHOI'O MaTepHaja YBEIMYMBAETCA IO CPAaBHEHHIO C
MHUKpPOCTPYKTYpPHBbIM aHasoroM Ha 38%. [locine n3MeHeHus CTPYKTypbl HUTHHOJIA YBEIUYUBa-
€TCsl IPOYHOCTb U IIACTUYHOCTH Ha 4-16%.
b0 00Hapy’>KEHO pacTBOPEHHE B arpecCHBHYIO OKPYIKAIOMIYIO Cpemy 000 KHUCIOTHOCTH
MOHOB TUTaHA HapaBHE B MOHAMHU HHKEJIs, YTO ObUIO OTHECEHO K HaHO(a3HOW CTPYKType HC-
CJIEZIOBAaHHOTO HUKEIHA TUTaHa. Ho BBIXO/J MOHOB HUKEJS OBUT HIKE CPEAHUX BEIWYHH TPH-
BOJIUMBIX B JIUTEPATYpE MO MUKPOCTPYKTYPHOMY HUKEIHy TUTAHA.
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Copouusa Am(III) na oprodocdarax penkozemMeabHbIX Jie-
MEHTOB

I'pauesa H.H.

PykoBoaurenu: 1.x.H., npo¢. Kanmeikos C.H., k.x.H. Pomanuyk A.IO.

B pesynbrare AesTeNbHOCTH TPEANPHUITHH SACPHOTO TOIUTMBHOTO IIMKIIA TOCTOSHHO
HAKaIUTMBAIOTCS OOJBIIHE 00BEMBI PAIMOAKTUBHBIX OTXOJ0B. BRICOKOAKTHBHBIE OTXOJBI, CO-
JiepKale 1Me3uid U CTPOHIIUH, MOJABEPTaloTCsl OCTEKIOBbIBaHUI0. K 3TON (hpakimu mpeabsiB-
JISIOTCSL BBICOKHE TPEOOBAHUS IO COACPIKAHHUIO B HEl allb(ha-n3Iydaronux pajuoHyKINIOB, B
ocobernnoct Am(IIl) u Cm(IIl). [ToaTomy BaxkHOI 3amaueii sBIsSETCS pa3pabOTKa METOJIOB
OTJICIICHHUSI aMEPHUIUS U KIOpHS OT (ppakiyu, MOCTYMAoNe Ha ocTekioBbIBaHue. [[ist 3TOTO
BO3MOXKHO NMPHMEHEHHE TAKHX MaTCPUAIIOB, KOTOpPbIC ObI OJHOBPEMEHHO HM3BJICKAJIH 3TH pa-
JTUOHYKJTUJIBI U SIBJSUTUCH MAaTPHUIIAMHE JIJISL UX JOJITOBPEMEHHOTO 3axopoHeHusi. Docdarsr nan-
taHous10B (LnPO,4) sSBASIOTCS MEpCHEKTUBHBIMU HEOPTraHUYECKHMMH MaTepHalaMu, MpUMeHe-
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HUE KOTOPBIX BO3MOXKHO Kak uid u3BiedeHust Am(III), Tak u 115 ucronb3oBaHus B KauecTBe
MaTpPHLBI IS €70 JOJTOBPEMEHHOTO 3aXOPOHEHMS.

Cy1iecTByeT HECKOJIIBKO OCHOBHBIX CTPYKTYPHBIX THIIOB KPUCTAUNIMYECKUX PELIETOK, B
KOTOPBIX KPUCTAJUIU3YIOTCS OpTohochaThl JaHTAHOUAO0B: MOHAIIUT MOHOKJIMHHON CHHIOHHH,
KCEHOTHM TETParoHaJIbHON CUHTOHUH W pabmaoaHUT reKcaroHaiabHON CUHTOHUH. Llenpio maH-
HOU paloThI SABJISETCS ycTaHOBJIEHUE 3akoHOMepHocTel copounu Am(III) Ha o6pasuax LnPO4
(Ln=La-Dy), paznuuaromuxcsi KpUCTaJUTHIECKON CTPYKTYpOr U MOPQPOJIOTUEH.

CopOeHThl OBIIIM OXapaKTepU30BaHbI METOJAMHU PACTPOBOM AJIEKTPOHHOM MHKPOCKO-
U, PEHTIeHO(a30BOTO aHaIM3a, HU3KOTEMIICpaTypHOU copOumu a3ora (¢ 00paboTKOM maH-
HbIX 110 Mojenu bOT), nuddepenumansHol ckaHupyomel KaJopuMeTpUU U NOTEHIIMOMETPH-
YECKOro TUTpoBaHUA. M3MepeHne pajoakTUBHOCTH PacTBOPOB MPOBOJWIA METOJIOM KUIKO-
CTHOW CUMHTWUISILIMOHHOM CIIEKTPOMETPHUH U Y-CIEKTPOMETPHH.

Bruto o6HapyxeHo, yTo KnHeTHKa copOrmn 1 BeimenaynBanuss Am(I1l) ¢ moBepxHocTn
LnPO4 ¢ paznuuHON KpHCTAIIIMYECKOW CTPYKTYpol M Oau3koil Mopgosiorueil moBepxHOCTH
cxoxu. [Tpu 3Tom omxur obpasma ¢ copoupoanasiM Am(IIl) 3HaUUTENBHO 3aMeIISET BBIIIE-
JayuBaHUe aMmepuuus. bbuto oOHapykeHO OTCyTCTBHE BIMSHMA KaTHOoHa P3D Ha copOumon-
Hble cBoiicTBa LnPO4 B mpenenax oqHON KpHCTATMYECKOW CTPYKTyphl. M30TepmBbl copOummn
Eu(Ill), kotopsiii siBisiercs xumudeckuM ananorom Am(IIl), na LnPO4 ¢ paznuunoil kpuctai-
JUYECKON CTPYKTYpOu cxoxku. M30Tepmbl copOunm OIM3KM K JTUHEHHBIM, HACBIIIEHUS HE Ha-
Osro71aeTcs 1axe MpU OTHOCUTENIBHO BBICOKHX KOHIIEHTpaLUsAX copoOara.

Jnist u3ydeHus BIUSHUS MOP(OJIOTHH YaCTHIl HA COPOLIMOHHBIE CBOMCTBA MMOBEPXHOCTH
obpasioB LnPO,4, Obutn uccnenoBanbl obOpasibl (ocdaTa HeonuMa: OObEMHBIE YACTHUIIBI U
Buckepbl. M3yuenne kunernku copoummn Am(IIl) va mosepxuoct NdPO,4 mokazano, 4ro pas-
HOBECHE yCTaHaBIUBaeTcs ObIcTpee B ciaydae BUckepoB. Kunetnka BoimenaunBanus Am(III) ¢
noBepxHocTH BUCKepoB NAPO, takke siBisiercst 6osiee OBICTPOM, YTO MOXKET OBITH CBSI3aHO C
OoblIel peakMOHHOM crocoOHOCThI0 oBepXHOCTH BHckepoB. Meronom TRLIFS 6b110 06-
Hapy’KEHO, YTO Ha MOBEPXHOCTH 00pa3noB ¢ocdaro P33 mpu copOiun 00pa3yroTcsi BHyTpH-
c(hepHbIC KOMIUICKCHI.

Taxum o6pazom, ObLIO MOKa3zaHo, 4yTo Mopdomorus yactul NdPO, (Buckeps! U 00beM-
HbIC YaCTHUIIBI) BIMSAET HA KUHETUKY copOumu u BeimenaunBanuss Am(IIl) ¢ ux moBepxHocTH.
[Ipu 5TOM paBHOBECHast BeTMUMHA COPOLIUM M PU3UKO-XMMUYecKue (popMbl copbaTa Ha oOpas-
ax ¢ pasau4Hoi Mopgosiorueil oguHakoBsl. He yCcTaHOBIEHO 3HAYUTENBHOIO BIMSIHUS KpH-
cTajundeckoit cTpykrypsl LnPO4Ha copOunoHHbIE CBOCTBAa TOBEPXHOCTH 00pA3IIOB.
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dopMuUpOBaHNE OTHOMEPHBIX HAHOCTPYKTYP HA OCHOBE BUCMYTA
METO/I0OM TEMILJIATHOTO JJIEKTPOOCAKICHUS

T'onyaposa A.C.

PykoBoauTens: kK.X.H., B.H.c. Hamonbckuit K.C.

B nocnennue necstuierusi 60ybIIoe BHUMaHUE HUCCIEOBATENICH 110 BCEMY MUPY YIe-
JsIeTCs. U3YUEHUIO TPAHCIIOPTHBIX CBOMCTB OJIHOMEPHBIX HAHOCTPYKTYP, TAKUX KaK HaHOTPYO-
KW, HAHOHUTH U BUCKEPHI, BBUY TCHACHIMU K MUHHUATIOPU3AIMH DJICKTPOHHBIX YCTPOICTB.
HaHocTpyKTypbl BUCMyTa MpPEACTaBISIIOT OIPOMHBIA MHTEpec Ojaronapsi MpOsSBICHUIO B HUX
HEOOBIYHBIX CBOMCTB. PaHee Ha TOHKMX KpUCTAJUIaX M MOHOKPUCTAJUIMYECKHMX IUIEHKax Bi
yZaBajoCh HaOJIIOJaTh OCLUMUIUPYIOIINE 3aBUCUMOCTH JIEKTPOCONIPOTUBIIEHUS] U MAarHETOCO-
npotusienus (3gdekr lllyonukoBa — ne ['aaza), a Takke MarHUTHOTO MOMEHTAa U MarHUTHON
BocTipuuMYHBOCTH (3¢ dekT ne ['aaza — Ban AnbdeHa), KOTOpble 00YCIIOBIEHBI OCOOBIMH CO-
CTOSIHUSIMHM HOCHUTEIeH 3apsaa B MPUIOBEPXHOCTHOM cioe. /[y HaHOHHUTEN BHCMYyTa IOMUMO
BBIIICOMTMCAHHBIX SIBICHUH 3KCIIEPHUMEHTAIFHO HAOIIOAANHN MEPEX0] B CBEPXIIPOBOISIIEE CO-
CTOSIHUE, OJIHAKO TeMIlepaTypa Mepexoa U KpUTUYeCKUN TOK CYLIECTBEHHO OTIUYAIMCh JaXke
B DKCIIEPUMEHTAX OJHOW HAy4YHOW I'PYIIIIbIL.

B cBsI3M ¢ BBbIIIECKAa3aHHBIM, LENbIO JAHHON PabOThI SABISETCS SJIEKTPOXUMHUECKOE T10-
Jy4YeHHE HUTEBHUIHBIX HAaHOCTPYKTYp BUCMYyTa M M3Y4YCHHE MX TPAHCIOPTHBIX CBOMCTB. Jloc-
TH)KEHHUE MTOCTABJICHHOM 1ienn TpeOyeT pelleHns psjaa B3aMMOCBSI3aHHBIX 3aJau: BBIOOp 3JIeK-
TPOJUTA M YCTAHOBJICHHE ONTHUMAJIbHBIX YCJIOBHUH 3JEKTPOOCAKICHHUS METaija; MOJIy4eHHe
HAaHOHUTEH BUCMYTa 3JIEKTPOOCAXKAECHUEM B MOPHUCTHIX MATPHUIAX C CUCTEMOW OJIHOMEPHBIX
KaHaJoB (IJIEHKH aHOJHOro okcujaa amoMuHus (AOA), nonuMepHble TPEKOBbIE MEMOpaHbl);
noJ00p ONTUMANIBHBIX YCIOBUN M3BJICUCHHUS HAHOCTPYKTYpP M3 MOJTYUYEHHBIX KOMIIO3UTOB; U3-
MepeHHUE COTPOTUBIICHHUS €IMHUYHBIX HAHOHUTEH BHCMYTA.

Ha nepBoMm srame paboTel Obula NMPOBEACHA CEpUsl SKCIEPUMEHTOB IO OCAXKICHUIO
BUCMYyTa Ha miajkue noanoxku (Cu, Au). DnekTpokpuctamzanuio Bi mpoBoauiam u3 siek-
TpoauToB, coaepxkamux 0,1 — 0,4 mons/n Bi(NO3); B cMecH 3TUIEHIIHKONS ¢ Bogoi (7:3 1o
00bemMy), npu norenmmanax -0,1, -0,2 u -0,3 B oTHOCUTEIHFHO BUCMYTOBOTO 3JIEKTPO/Ia CPaB-
HEHMs B TOM Xke pacTBope. [lepen ocaxaeHuem 371eKTPOIUT Jea’pupOBaIl aproHOM B TEUCHHE
30 munyT. HaiineHno, 4To npu 3Ja€KTPOKPUCTAIIIM3ALMN BUCMYTa U3 3JIEKTPOJIUTA, COepKallie-
ro 0,4 mons/n Bi(NOs)s;, npu norenimane -0,2 B hopMupyrorcst KpynHOKpUCTAJUIMYECKHE
0CaIKH C TEKCTYpOil BIOJb HampasieHus <1120> poMGO>ApHUECKOil CTPYKTYphI. BbIsBICHO,
YTO MPUPOJA TOUIOKKH HE OKa3bIBAET CYIIECTBEHHOTO BIMSHUS HA CKOPOCTb OCAXKJICHHS Me-
Taja.

Ha BTropom sTane paGoThl MOTy4Yaad HAHOHUTH BUCMYTa METOJIOM TEMIUIATHOTO 3JIEK-
TpoocaxJeHus. B kauecTBe MOPUCTBIX MAaTPHUL BHICTYAJIN IJIEHKH aHOJHOI'O OKCHUJA AJIFOMU-
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Hust, chopmupoBannsie B 0,3 M pactBope (COOH), npu nanpsoxernsax 40 u 120 B (AOA_40B
u AOA 120B, COOTBETCTBEHHO), a TaK)K€ KOMMEPUECKH JOCTYIHbIE TPEKOBbIE MOJIMKApOO-
HaTHBIC MeMOpaHbl. J[aHHbIe peHTreHoda3oBoro anammsa Juisi HaHokoMro3uToB AOA/Bi cBu-
JIETENbCTBYIOT O KPUCTAUIM3AllMM BUCMYTa B KaHajlaX MOPHUCTOM MaTpullbl B poMO03IpHUye-

CKOJM CHHTOHHMH, HPUYEM TEKCTypa BIONb HampaBieHus <1120> okaspBaeTcsi BbIPaXKeHa
CUJIBHCC, UCM B CJIydac IIaAKuX IOIAJIOXKCK. Pe3y.]IBTaTI>I nucciaeaoBaHuAad € AMHUYHBIX HAHOHU-
Tel METOJIOM SJIEKTPOHHOU AUGPAKIIUU COTIAcyrOTcs ¢ JaHHBIMA PDA. VI3MepeHsl pe3nucTuB-
HBIC XapaKTEPUCTUKU IIOJYyYECHHBIX HAHOHHUTEW BUCMYyTa. [loka3aHO, 4TO 11 HaHOCTPYKTYpP
nuameTpom okosio 100 HM He HaOMIoAaeTCs Mepexo/ia B CBEPXIIPOBOIAIIEE COCTOSTHUE BIUIOTh
no temneparypsl 1,2 K. @yHnamMeHTanbHbI MHTEPEC NPEACTABIIAIOT MOJIyYEHHBIE TEMIIEpa-
TYPHBIC U MOJICBBIC 3aBUCUMOCTU MMPOBOAMMOCTHU BUCMYTOBBIX HaHOHHUTEH.
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TpchnopTHme CBOMCTBA MOJIUMEPHBIX 1 KOMITIO3UIIMOHHBIX MEM-
6paH Ha OCHOBE€ aHOAHOI'0O OKCHUAA AJIIOMHUHMUA

Yepnosa E. A.

PykoBoauTens: K.X.H., non. Enucees A. A.

[Iponeccrl razopasaeneHus 3aHUMAIOT EHTPATBHOE MECTO B MEMOPaHHOM MaTepHalIo-
BefeHn. DpakiMOHUPOBaHUE MOMYTHOrO HE(PTSIHOrO rasza, odoraiieHue MPUPOJHOTO rasa,
BBIJIEJICHUE KHCIIOpPOJa U a30Ta M3 BO3AyXa U JApPYrue BaKHbIE 33/a4d MHUPOBOrO MacIiTtaba
ObUH U OyayT BocTpeOoBaHbl. Kak mpaBuio, Ass pelieHus TaHHBIX 3a7a4 MPUMEHSIOT MOJIU-
MepHbIe MeMOpaHbl. OCHOBHBIMU ()YHKITHOHATBHBIMU TTApaMETPAMH MEMOpaH SIBJISIFOTCSI ITPO-
HULIAEMOCTh U CEJIEKTUBHOCTH IO LI€JIEBOMY IPOAYKTY. OJIHAKO CEIEKTUBHOCTh MOJIUMEPHBIX
MeMOpaH 0OpaTHO MPOMOPITMOHATBFHA MTPOHUIIAEMOCTH, YTO HEM30CKHO CHUXKACT dPPEKTUB-
HOCTb MeMOpaHHBIX MpoleccoB. Perienre nanHoM MpoOaeMbl CBA3BIBAIOT C TIOMYyUYEHUEM KOM-
MO3UIMOHHBIX U MOAU(DHUIIUPOBAHHBIX MOJIMMEPHBIX MEMOPaH.

Lenp HacTOAEH MAruCTepCKOM IUCCEPTALMU COCTOSUIA B MOJIYYEHUU KOMIO3ULIMOH-
HBIX U MOJAU(DHUIIMPOBAHHBIX MEMOpPAHHBIX MATEPUAJIOB JIJIsl TIPOIIECCOB Ta30pa3/eiieHus. 3a1a-
gy paboThl BKIIOYAIN TMOJYyYeHHE KOMITO3UIIMOHHBIX MEMOpaH Ha OCHOBE aHOJHOTO OKCHJIA
QIIOMHHHUS C CEJIEKTHBHBIM CJIIOEM IOJMMEpa ¢ BHYTPEHHEH MHUKponopuctoctsio PIM-1; mo-
ayuyeHue MeMOpaH Ha ocHoBe monumepa Ultem 1000, uX OoTKUT U IBYMEPHOE PaCTsKEHUE;
M3YUYEHUE MHUKPOCTPYKTYPBI MOJTYUYEHHBIX 00pa3lloB, a TaKKe M3MEPEHUE MX Ta30TPaHCIOPT-
HBIX XapaKTEPHUCTHK.

MemMOpaHbl aHOJHOTO OKCHJA MOTYYaau SJIEKTPOXUMHUECKUM OKHCICHUEM aTIOMUHHUS
(anextponut 0.3 M H,C,04) npu Hanpspkenusx ot 40 no 120 Bonst ¢ marom 20 BombT, ce-
JIEKTUBHBIC TOKPHITUS HAHOCWJIM U3 pacTBopa noiaumepa PIM-1 B xinopodopme meronom Ha-
KalbIBaHUS Ha BPAILIAIONIYIOCS MOANI0KKY. MeMOpansl Ha ocHoBe nmonumMepa Ultem 1000 Obun
MOJYYEeHbI METOJIOM IIOJIMBA U3 PACTBOpa MOJIMMEpa B XJIOPOPOpMe, OTKUT MEMOpaH MPOBO-
qvni nipy temneparype 230 °C u 3aTemM noaBepraiu AByMEPHOMY PacTsKEHUI0. MUKpOCTpyK-
Typy MeMOpaH H3ydyajad METOJOM PacTPOBOM SJIECKTPOHHOM MHUKPOCKOMHUH; Ta30MpPOHUIIAC-
MocCTh 110 oTHOIEeHHIo K CO,, CHy, C4Ho, He, N», O, usmepsinu merogom Jleiineca-bappepa.

JInsi  KOMITO3MIIMOHHBIX MeMOpaH HaONI0JaloCh YBEJIMYEHHUE CEJIIEKTUBHOCTH JUIsS
C4H,¢/CH4, MmakcuManbHOE 3HAUeHHE KOTOpOo cocTaBmwio 110 mpu mpoHuIiaeMoctu mno Oyrta-
Hy 14000 Bappep u 245 bappep no merany. [Ipeanonaraercs, 4To BbICOKasi CEJIEKTUBHOCTh B
JTAHHOM CiIy4ae OOyCJIOBJIEHA BIMSHUEM MOPHCTOrO CYMIOpTa Ha OCHOBE aHOAHOTO OKCHJa
QTFOMHUHMS, OTPAaHNYMBAIOIIET0 HAOyXaHWe TOJUMeEpa B JKECTKUX mopax. [lo maHHBIM pacTpo-
BOM 3JIEKTPOHHOW MHMKPOCKONHWH, MOJMMEPHBI Marepuan MPOHUKAEeT B MOPbI CYNIOpPTa Ha
r1yOuny nopsiaka 5-8 MxM. [IpocTpaHCTBEHHOE OTpaHHUYECHUE MTOTMMEPHBIX NN TPUBOAUT K
BO3PACTaHUIO UTMHBI AU(PGY3UOHHOTO MYTH U MOJIEKYJ METaHa U JPYTHX MOCTOSHHBIX Ta-
30B. B cBOIO ouepens, OyTaH Xxopomio pacTBopuM B nosmmmMepe PIM-1, 6narogapst uemy npoHwu-
[[aEMOCTh 0 JAHHOMY Ta3y He CHUXKaeTca. TakuM o0pa3oM, CTAHOBHUTCS BO3MOXHBIM Ooliee
s dexruBroe pasznencane C4Hjo u CHs. IlporumnaemMocts ais HEMOAUPHUIIMPOBAHHBIX MEM-
Opan Ultem 1000 cocraBuna 8.41, 0.77, 0.10, 4.29 u 0.13 bappep mst He, Oz, N, CO,, CHy,
COOTBETCTBEHHO. B pe3ynbrare oTKura M JBYMEPHOI'O PACTSXKEHUS MPOHUIIAEMOCTh TOJIHU-
MEpPHBIX MEMOpaH MO BCEM M3MEPEHHBIM T'a3aM, KpOME Teiusi, CHU3MJIACh, B TO BPEMsI Kak ce-
JEKTUBHOCTb Juia napbl razoB CO,/CH4 Bo3pocia B 1Ba pasa: 67 npotuB 33 mist HeMoaAupUIu-
POBaHHBIX 00PA3IIOB.

PesynbraTsl HacTosAIIeH pabOThI MOKA3bIBAIOT, YTO TPAHCIIOPTHBIMU CBOWCTBAMH MEM-
OpaH MOKHO YIPABJIATh HA MOJIEKYJIIPHOM YPOBHE.
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MecchayspoBckoe ucciaenoBanue myJjabTugeppouxka BiFeO;
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PykoBoauTens: K.X.H., goi. Cobones A.B.

MynbTH()EPPOUKH — 3TO MEPCIIEKTUBHBIE MAaTEPUANIBI, B KOTOPHIX BO3MOKHO OJTHOBpE-
MEHHOE COCYILIECTBOBAaHME CEIHETOIEKTPHUECTBA U MarHeTu3Ma. OHU UMEIOT OO0JIBIIOE KOJIH-
YeCTBO O0siacTell MPUMEHEHUS], TAKUX KaK MUKPO3JIEKTPOHUKA, CIIMHOTPOHUKA, CO3/JaHHE CEH-
COPHBIX YCTPOMCTB U PaZMONOMIOMIAIOMINX TOKPBITHH. [ paciiupeHusi BO3MOKHOCTEN IIpH-
MEHEHHUSI MyJIbTU(PEPPOMKOB HEOOXOIMMO XOpOIIee IIOHNMaHUE TOTO, KaK B3aMMOJICHCTBYIOT
JJIEKTPUYECKAsi U MarHUTHAas MOJCUCTEMBI B IaHHBIX MaTepHaax.

®eppuT BUCMYTa — 3TO MYJIbTH()EPPOHUK NMEPBOTO THIA, B KOTOPOM CETHETOIJICKTPUYE-
CTBO M MarHeTH3M MMEIOT PA3NIMYHYIO IPUPOLY NMPOUCXOKAeHUS. CUuTaeTcs, 4To NpUYMHON
BO3HUKHOBEHUS CETHETOAIEKTPUYECTBA SBJISETCS CMELEHUE HOHOB BUCMYTa, KOTOPOE MPOUC-
XOUT W3-33 HANHYHS CTEPEOXHMHUUYECKH AKTHBHOH 6’ HEIOCTICHHOM SIEKTPOHHON Maphbl.
[IpoBonuBIMEcs: paHee MeccOayIpOBCKUE HccaenoBaHus (eppuTa BUCMyTa HE MOTIIH JIOCTO-
BEPHO OOBACHUTH HATMYME ACCUMETPHUUYHOIO CEKCTETa B MarHUTHOM obnactu temnepatyp. [lo-
TOMY B KadecTBE IieJiel TaHHOW paboThl OBLJIO MOCTaBIEHO MPEAJIOKUTH MOJENb ONHUCAHUS
MeccOayIpOBCKUX CIIEKTPOB, KOTOPask XOPOILIO COIIacyeTcsl CO CTPYKTYPHBIMU JJAHHBIMU, 00b-
SCHUTh MPOMCXOASIINE B3aUMOJEHUCTBUS M UCCIEN0BAaTh TEMIIEpATypHbIE 3aBUCHMOCTH Mar-
HUTHBIX MTapaMEeTPOB U MarHUTHOM cTpyKTypsl BiFeOs.

B nacrosmieit pabore npencraBieHbl pe3ysbTaThl MeccOaydpOBCKOTO HMCCIIEAOBAHUSA,
MPOBEJCHHOIO B IIUPOKOM nuamna3zoHe Temmepatyp (4.9 < T<663 K). MeccbayspoBckue
CHEKTpHI B MapamMarHUTHOM oOnactu temnepatyp In < T < T¢ coctoAT u3 ny0nera ¢ KBajpy-
MOJIBHBIM pacuieruieHneM Aggox = 0.44 mm/s, COOTBETCTBYIOIIETO TO3UIUSAM Fe*' B pom0031-
puueckoil nepoBckuTOno00HOM pemierke BiFeOs, npu 3ToM Ha sapax *’Fe BO3HHMKAeT CHIIb-
HBIA rpagueHt aekrpudeckoro noss (I'DII). [lns toro, 4ToOBI COrnacoBaTh 3THU PE3YJIbTaThI
CO CTPYKTYpPHBIMHU JaHHBIMHU, OBUIM NMPOBEJEHBI PACUEThl TEOPETHUECKOTO 3HAUEHHs KBaJpy-
TOJTBHOTO PACIICIUICHHs, KOTOpBIe mokasany, uto I'IIT Ha sapax ° Fe 00yCIOBIEH COBMECT-
HBIM J€HCTBUEM MOHOIIOJIBHOIO U IUIIOJIBHOTO PELIETOYHBIX BKJIAI0B.

CornacHo pe3yabTaTaM HEUTPOHOTPAPUUECKUX UCCIICIOBAHUM, MPOBEICHHBIX TPYMION
NOJBCKUX HccienoBareneil, B myiabTudeppouke BiFeOs; HaliromaeTcss mpocTpaHCTBEHHO-
MOJIyTUPOBAaHHAs MAarHUTHAas CTPYKTypa LMKIOMAHOIO TUMA C MEepHoAoM okomo 620 A,
MeccOayspoBcKue CeKTpsl (heppuTa BUCMyTa B MArHUTHOW 00JacTu Temreparyp Obuid oopa-
0OoTaHbl MpU TOMOIIM pPACHPEIEIICHUsI CEKCTETOB COIJIACHO MOJENHU MPOCTPAHCTBEHHO-
MOJYJIMPOBAHHOM MarHUTHOM CTPYKTYpbl. L{ukiaonaanbHas MOIyJIALUS CIIMHOB Kejle3a OblLia
OIMCaHa IPH IOMOIIHM SILIHITHYECKOH (yHKiuu Skobu sn[(X4K(m)/A)x,m] (rme m — mapa-
METp aHIAPMOHUYHOCTH, K (1) — MOTHBIN SJUTUITHYECKUH UHTETPall, A - IEPUO MOIYJISIUH, X
— KOOpPJIMHATA BJI0JIb HAMPaBJIEHUS pACIIPOCTPAHEHUS).

B pesynbrare paboThl OBUIO TIOKa3aHO, 4TO opMa MeccOay3IPOBCKUX CIIEKTPOB CBsI3aHA
C IIMKJIOMJJAJIbHOM MarHuTHOU cTpykTypoit BiFeOs. Taxxe ObU10 yCTaHOBIIEHO, YTO JJIS COIJia-
COBaHMsI 3HAUYEHHUS KBaJAPYMNOJIbHOIO PaCILEIIEHHUs C KpUCTAIOrpapMueCKUMH TaHHBIMU He-
00XOIMMO yUHTHIBATh Tonspusyemoct O u Bi’". 3HaueHHe MONsSPHU3yeMOCTH BHCMYTa HMe-
€T SIPKO BBIPAKEHHYIO TEMIIEPATyPHYIO 3aBUCHMOCTH, YTO MOXET OBITH CBS3aHO C YMEHBbIIIE-
HHEM CTEPCOXMMHUECKOH aKTHBHOCTH HEMOJIENCHHOM 31eKTpOHHOM napsl Bi’". Bito momyde-
HO 3Ha4YeHMe napameTpa aHrapmoHunyHoctd m = 0.36(4) npu 7'=4.9 K, npu KOTOpOM CHIEKTPHI
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XOpomIo o0pabaThIBalOTCS B paMKax JaHHOW Mojend. bpuia moimydeHa TeMrepaTypHas 3aBH-
CHUMOCTb IapaMeTpa aHTapMOHUYHOCTH /1, KOTOpas OTPa’kaeT OCOOCHHOCTU IMOBEAECHUS KOH-
CTaHTHI OJJHOOCHOW MarHUTOKpHCTAUTHYECKON aHn3oTponuu BiFeO;. B pesynbrate 00pabot-
KU CHEKTPOB ObUIO BBIICHEHO, YTO CBEPXTOHKOE MoJie Hyr XapaKTepH3yeTCsl 3HAUYUTEIIbHON
anuzorponuei AH,, = 2/3(H| - H1), X0TOpasi UMEET BBIPAKEHHYIO TEMIIEPATYPHYIO 3aBUCH-
MOCTb.
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Tonkue nienku myabtudeppouxos LuFe, M0, (M=Fe,Cu,Mg):
HOBbI€ CHHTETHYEeCKHE MOAX0/Ibl, CTPYKTYPa U CBOCTBA
IInoxux A.B.

PykoBoautens: aA.X.H. mpod. Kayns A.P.

MarHuTossieKTpuYeckie Matepuaibl (MyJIbTH(QEPPOUKH) 00J1aAal0T OJHOBPEMEHHO
MarHUTHBIM M CETHETO3JIEKTPUUECKUM YHOPSAJOYEHUSAMH, Ojarogapss yeMy MOTYT HaWTH ILIU-
pokoe npumeHenue B CBU-TexHuKe, CEHCOPHON TEXHHUKE, YCTPOWCTBAX XpaHEHUs HH(pOpMa-
U,

@aza LuFe;O; u ee CTpyKTypHBIE aHAJOr'M pPacCMaTPUBAIOTCS KaK IEPCIEKTHBHbIE
MarHUTORJIEKTPUKH, ITOCKOJIbKY OHU 00J1aAatoT OOJIbIION MOJIIpu3alueil U BbICOKOM HaMarHu-
YEHHOCTBIO, a TAKXKE CPABHUTEIBHO BBICOKMMHU TemmnepaTypamu Kropu: ains LuFe,O4 cernero-
anektnueckas Tc=320 K, maruutHas Tc=240 K. B nuteparype X0OpoI1o onucaHbl NOJy4YeHUE
u coiictBa LuFe,O4 1 peko3eMenbHbIX aHAIOr0OB 3TOH (ha3bl B 00bEMHOM BUJIE, B YACTHOCTH,
MOKAa3aHO, YTO 3TU (a3bl TEPMOJMHAMUYECKH YCTOMUMBBI B Y3KOM MHTEpBajie HU3KUX 3HAUe-
Huit p(Oz). B To e Bpemsa mosyuenue mieHok LuFe,O4 no-npexxnemy npencraBiser coOoi
TPYAHYIO 3a/1a4y, XOTS UMEHHO B BHJE IUICHOK MYJbTH(QEPPOUKH STOTO THIIA MOTYT UMETh
NEepCHEeKTUBBl MPAKTUYECKOro npuMeHeHus. Hapsany ¢ ¢usmyeckumMu MeToaa NOIy4YEeHUs
(PLD, MBE) Gonpbmioii uHTEpec MpeacTaBisioT co0oil Oosee NemeBbie M MPOCThIe XUMUYe-
CKHE METO/]Ibl, BO3MOXXHOCTH KOTOPBIX PACKPBITHI HE MOJHOCThIO. He moaydeHo 3aMenieHHbIX
wieHok LuFe,O4 11 mOBBIICHNs TepMOIMHAMUYECKOU cTabuipHOCTH (a3el. Takke 10 cero-
JHSIIHEro JHA He ObUIM MOJy4YeHbl OPUEHTHUPOBAHHBIE TOHKME IJICHKH MYyJbTH(dEppouKa Ha
IPOBOJSILIUX MOJUIOKKAX, TOr/Ia KaK 3TOT 3Tall SBJISETCS KJIIOUEBBIM MPU NPUMEHEHUHU JaHHO-
ro MaTepuasa B MUKPOXJIEKTPOHMKE JJIsl MOJHOM peaju3alliid €ro MarHUTHBIX U 3JIeKTpUYe-
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CKHX CBOMCTB. L{enum HacTosieit paboThl - MOMCK MOAXO00B K PEIICHUIO NTEPEUUCIICHHBIX TTPO-
onem.

CuHTE3 OCYIIECTBIISUICS B [[BA dTala: HA MEPBOM TOIYyYaar aMOpQHbBIE IJICHKH CHUCTE-
Mbl Lu-Fe-O metonom MOCVD, a Takke U3 OpraHM4ecKHX pacTBOPOB KOMIUIEKCHBIX COENIU-
nennii Lu u Fe. Jlanee npoussoamics BeIcOKoTeMIepaTypHblii omkur (T=900 °C, t = 5-10u).
MOJTyYEHHBIX MPEKYPCOPHBIX MIEHOK B atMocdepe Hu3koro P(0;), koTopoe co3aBain rerre-
pamu FeO/Fe;O4 nnm Fe/FeO ¢ nenpio 9acTUIHOTO BOCCTAHOBJICHHSI HOHOB JKeje3a JI0 JIBYX-
BaJICHTHOT'O COCTOSIHUS. B KauecTBe MOJI0KEeK UCTIOIB30BATIM MOHOKPHUCTAJUIMYECKUE MTOIUPO-
BaHHBIC TIOUTOKKU Z1r0,, MgAl,O4, m SrTiO; ¢ mockocthio pe3a (111).B kauecTBe mpoBoisi-
[IEr0 OPUEHTUPYIOIIEro moAacios Obutn BeiOpanbl mieHku (111)Pt u (111)In,O3 Ha mepeunc-
JIEHHBIX MOAJI0KKaX. OHM ObUIM OCa)XAEHbI METOJOM MarHeTpoHHOro ocaxzaeHus u MOCVD
COOTBETCTBEHHO.

Ha nmnepBom »otame pabGoThl ObUIM  TOJYYEHBl  SIUTAKCHAIbHBIC  IUICHKH
(111D)Pt//(111)ZrO,, (111)Pt//(111)SrTiOs, (111)In,05//(111)ZrO,, (111)Inx03//(111)MgAl,Os.
Ha »Tux mpoBOAMIMX IMOIOKKAX OBLTH MOJYYEHBI C-OpHEHTHPOBaHHBIC TUIeHKH LuFe,Oq,
KOTOpBIE OBLITU BCECTOPOHHE OXapaKTEePU30BAHbI METOJIAMU PEHTTEHOBCKOW MUPaKIUH, dIEK-
TPOHHOW MHUKPOCKOITUHU H JIP., & TAK)KE U3MEPCHBI MX MAarHUTHBIC CBOMCTBA. bbUM CHHTE3HPO-
Banbl ieHKkH LuFeMO, (M=Cu,Mg) HemocpeacTBEHHO B MOMEHT HaHECEHHs 0€3 MOoCIeayto-
IIETO0 BOCCTAHOBUTEIBLHOTO OT)KUTa.

B xone paGothl Oblla moKa3zaHa MPUHLIUITHATBHAS BO3MOXHOCTh TIOMYyUYEHUSI OPUCHTH-
poBanHbIX MieHOK LuFe,O4 xumuueckumu meromamu. [lomyyueHsl ycTOMUNUBBIC TIICHKA MYJIb-
Tu(depporKa Ha MPOBOJALINX MOJACTONX, YCHEIIHO MPOBEACHA YaCTHYHAsI 3aMEHA MOHOB XKe-
ae3a JJis TEpPMOAMHAMUYECKOM cTabMIn3aly MICHOK.
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ba3aJjibTOBBIE BOJIOKHA C NOBBIIIEHHOM IIPOYHOCTBIO U
KOMIIO3UIIMOHHBIC MAaTCPHUAJIbI HA UX OCHOBE

Tumowxun M. A.

PykoBoaurenu: K.X.H., c.H.c. 'yrHukoB C.H1., acn. Kysemun K.JI.

Cpenu coBpeMEHHBIX MaTepUaIoB OOJIBIIIOE 3HAYCHUE UMEIOT MOJIUMEPHBIC MATEpUATIbI
KOHCTPYKLIMOHHOTO HA3HAYEHHUs, B TOM YHCIIE ApPMUPOBAHHBIE MOJHMMEpPHbIE MaTEpHalbl,
MMEIOIIHNE 3HAYUTEILHO MEHBIIYIO TUIOTHOCTh U 00Jiee BHICOKHE Y/IEIbHBIE MEXaHUYECKUE Xa-
pPaKTEpUCTUKH, 00Jiee HU3KYIO TEIJIOEMKOCTh U TEIUIONPOBOAHOCTh, YEM MHOTHE JPyrHe Ma-
Tepuaibl. MexaHuyecKkre CBOMCTBA MOJIMMEPHBIX KOMITO3UIIMOHHBIX MatepuaioB ([IKM) 3a-
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BUCST OT LIEJOTO psifa (U3UKO-XUMHUYECKHUX U TEXHOJOTrHUecKuX (hakropos. KirroueByro posb B
o0ecrneyeHnr MPOYHOCTH BOJIOKHUCTBIX KOMIIO3UTOB MI'PAET aAr€3MOHHAs MPOYHOCTh COEIU-
HEHUS BOJIOKHO-MaTpPHUIIA.

Takum o0pazom, 1enbio Halle paboThl CTalno ONpeAeIeHUEe BIUSHUS MOIUPUIIMPOBA-
HUSl IOBEPXHOCTU 0a3albTOBBIX BOJIOKOH Ha MX MEXAHUYECKYIO MPOYHOCTb M aIre3UI0 K IO-
JMMEpHOMY cBsi3ytomeMy. Jis sToro Obutn copMysInpoBaHsl cieayromue 3aaaun: 1) moau-
¢unupoBaHue MOBEPXHOCTU 0a3aJbTOBBIX BOJIOKOH, 2) NU3YUYEHHE CBOMCTB MOBEPXHOCTH BOJIO-
KOH, 3) MOJyyeHHe KOMITO3UIIMOHHBIX MAaTepHUajoB METOIOM BakyyMHOU MH(py3uu 4) onpene-
JICHWE aJre3MOHHON MPOYHOCTH JUISI MOHO(PHMIAMEHTOB W KOMIIO3HIIMOHHBIX MAaTEpUaNoB, 5)
OTpeielIeHne MEXaHUYECKUX XapaKTePUCTUK KOMITIO3UIIMOHHBIX MAaTEpUaJIOB.

B xome pabotel ObuTa mpoBeneHa 00paboTKa KOMMEpUeCKol 0a3anbTOBOM TKaHU pac-
tBopamu  kucior (10% HCI, 0,5M HF), pactBopamu opraHuueckux cuiaaHoB (Y-
aMuHoInponuaTpusTokcucuianoMm (APS) u y-rmunupoxcunponuirpustokcucunanom (GPS)).
Kpome Toro, pacTBOpsl rHAPOIM30BAHHBIX CHIIAHOB HCIOJIB30BAIUCH 1JI1 0OpaOOTKU HaHOYa-
ctur; SiO; (15 HM), HaHEeCEeHHE KOTOPBIX HA IMOBEPXHOCTh BOJIOKHA ITO3BOJISET YBEIHUYUTH
IUIOIAb KOHTAKTa MEX/y BOJIOKHOM U CBSI3YIOLIIM.

Crpykrypa u MOpdoJorus BOJIOKOH ObuTa oxapaktepuszoBaHa Metogamu MK cmekrpo-
CKOIMHU, CKaHUPYIOLIEH 3JEKTPOHHOM MUKPOCKONHMM U ONpE/ETICHUEM KPaeBoro yrjia cMayu-
BaeMocTU. [lns xaxnaoro nomyudeHHoro IIKM ObuaM onpesneneHsl MPOYHOCTh HA PacTsKEHUE,
C)KaTUe U NMPOYHOCTh MEXKCIOEBOro cABMUra. Pojib MOKPHITHIA ONpPEesiv C MOMOIIBIO CKAaHH-
PYIOIIEH IEKTPOHHONW MHUKPOCKOIIUU M METo1a (pparMeHTaluu.

beuto ycranosneno, uto npu oopadotke 10% HCI B Teuenne 60 MUHYT IpOYHOCTH BO-
nokoH ymenbinaetrcst ¢ 2860 Mlla no 2220 MIla, moayns ymensinaercs ¢ 59,1+0,8 I'Tla go
52,9+1,2 I'Tla. IIpu obpabotke HF B Teuenne 60 MuHyT nmpouHocTh yMeHbluaercs a0 2040
MlIla, moxyns Bo3pactaer g0 60,8+0,8 I'Tla. IIpu oOpaboTke CHilaHAMU, POYHOCTH BOJIOKOH
yBenuuusaercs ¢ 2860 Mlla no 3493 MIla npu ucnons3oBanuu APS. [Ipu ucnons3oBannu
ruOpuIHOrO MOKpHITUS Ha ocHOoBe APS ¢ coorHomenuem xommnoneHToB APS:Si0,=1%:1%
MIPOYHOCTH BOJIOKOH Bo3pactaeT n0 3417 MIla. Mcnonp3oBaHue THOPUIHOTO MOKPHITHS T0-
3BOJISIET 3HAUYUTEIBHO YBEJIMYUTH AAr€3UI0 BOJIOKHA K IOJUMEPHON MAaTpHIE, YTO IOITBEp-
JKIACTCS YBEIMYCHUEM cIBUTOBOM mpouHoCcTH ¢ 30,9+0,9 MIla nns BoinokoH, 00paboTaHHBIX
anetonom, 1o 44,0+1,1 MIla npu Hanecenuun mokpeitus APS:S10,=0,5%:1%. Kpome Toro,
MPOYHOCTH MexcaoeBoro capura miaa [IKM yBennuuBaercs cootBeTcTBeHHO ¢ 35,0+1,0 MlIa
o 47,0+1,2 MIla.

B xone paboThl ObLT YCTAaHOBIIEH MEXaHU3M pa3pyIICHHs] BOJOKOH MpU 00pabOTKe Ku-
CJIOTaMHU ¥ MEXAHNU3M XHMUYECKOT'O CBSI3bIBAHUS [TOBEPXHOCTU BOJIOKHA U HAHOYACTUI] C CUJIA-
Hamu. HaHecenne ruOpuIHOrO MOKPBITUS MO3BOJISIET 3HAYUTENBHO YJIyYLIUTh IPOYHOCTH BO-
70K0H (110 20%) 1 aAre3MoHHYI0 MPOYHOCTh HA FPaHUIle BOJIOKHO-MaTpuia (110 40%).
Ily0aukanuu BeINyCKHHUKA:
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English versions of the theses annotations
Synthesis, structure and photophysical properties of lanthanide
flourobenzoates with different ligand fluorination degree
Kalyakina A.S.
Scientific adviser: Utochnikova V.V., Ph.D.

Luminescent lanthanide coordination compounds (LCC) can find their application in
many areas of research including organic light-emitting diode emission layers, biomarkers, etc.
For this purpose LCC must combine the efficient luminescence, high stability, whilst biologi-
cal applications require also long lifetime of the excited state, large Stokes shift, high aqueous
solubility and non-toxicity.

The search of appropriate LCC was carried out among lanthanide compounds with
anions of halogen-substituted benzoic acid derivatives (carb’). The choice of such ligands is
caused by the fact that lanthanide aromatic carboxylates are known for their high luminescence
efficiency, and therefore an introduction of a halogen atom may lead to a soluble LCC without
losing high luminescence intensity.

The goal of this work was to study the influence of the ligand fluorination degree on the
structure and properties of lanthanide fluorobenzoates.

More than 45 new lanthanide coordination compounds of general formula
Lny(carb)s(H,O)x (Ln = Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) were synthesized
and fully characterized. According to X-ray analysis (XRD and PXRD) the structural features
of these LCC were revealed depending on the number and position of the fluorine substituent
in the benzene ring and on the lanthanide ion. Particular attention was paid to the solution local
structure determination using 'H and '’F NMR spectroscopy, along with EXAFS-spectroscopy.

The studies of photophysical properties revealed that almost all the selected ligands are
able to sensitize luminescence of europium and terbium, emitting in the visible range (with
quantum yield of up to 70%), and neodymium, erbium and ytterbium, emitting in the near-IR
range. Furthermore, the majority of the compounds obtained are water soluble and non-toxic,
which are a key requirement for bioapplications.

Oxygen reduction reactions on carbon electrodes in aprotic media
Belova A.1.
Scientific adviser: Itkis D.M., Ph.D., Senior Researcher

Intensive studies of oxygen reduction reactions (ORR) in aprotic media has started rela-
tively recently due to the grown interest in promising power sources with the highest specific
energy density —lithium-oxygen batteries with carbon positive electrode. It is known to date
that oxygen reduction in presence of Li ions is complicated by the formation of an intermediate
- lithium superoxide LiO,, which turns into solid discharge product Li,O,, and also enters a
number of secondary processes, and the most crucial among them is its interaction with carbon
forming Li,CO;. However, reaction mechanisms of LiO, conversion to Li,O,, as well as to
Li,COs, and the influence of carbon surface defects on the reaction pathways and kinetics are
still unclear. Understanding the formation mechanisms of main, intermediate and by-products,
as well as the role of carbon surface structure, may become an important step towards the de-
velopment of effective and stable positive electrode materials for lithium-oxygen batteries.
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The aim of this study was to determine the mechanism of oxygen reduction on carbon
electrodes in aprotic media, and to reveal the influence of electrode surface structure on the
ORR pathways and kinetics. During the present study the number of problems were solved,
including
characterisation of the carbon electrodes’ surface structure and microstructure, determination
of ORR elementary steps and kinetics on carbon electrodes with different surface structure,
determination of solid lithium-containing ORR products composition, investigation of the car-
bon surface structure effects on Li,CO3 byproduct formation.

In this work model carbon electrodes with different surface structure (highly oriented
pyrolytic graphite, pyrolytic graphite surface which coincides with the basal and edge plane,
and glassy carbon) were chosen as objects of study. Cyclic voltammetry with linear potential
sweep method was used to study the ORR steps and kinetics. Analysis of the solid ORR prod-
ucts was performed by X-ray photoelectron spectroscopy.

As a result of the present work, it was discovered that the ORR on basal plane of gra-
phite occurs via two electrochemical steps. The first step is the outer-sphere electron transfer
giving free superoxide ion, and the second step at a lower potential is first order process with
respect to Li" that represents a reduction of adsorbed LiO, species forming Li>O,. It was shown
that the formation of Li,O, can also occur via chemical disproportionation. On glassy carbon
surface having a large number of defects, however, there is no second electrochemical reduc-
tion step, and disproportionation process proceeds with much lesser extent, indicating that
oxygen groups on the glassy carbon surface stabilise LiO, species. It was found additionaly
that the ratio of Li,CO; formed during oxygen reduction on the carbon electrode increases with
increasing the amount of carbon surface defects.

Thus, in the course of this study the mechanism of oxygen reduction on carbon elec-
trodes was established, as well as the influence of the carbon surface defects on stabilisation of
LiO, intermediate, and their role in the formation of by-product Li,CO:s.

Morphology of lithium-containing oxygen reduction products in
aprotic media

Zakharchenko T.K.

Scientific adviser: Itkis D.M., Ph.D., Senior Researcher

In the modern era of portable electronic devices, electric and other energy-intensive in-
dustries increased attention paid to the problems of the energy storage using rechargeable
chemical current sources. Secondary batteries with one of the highest capacity are lithium-air
batteries; the theoretical power density reaches a value of 1000 Wh/kg. But unfortunately, the
practical specific capacity of lithium-oxygen current source is much smaller than the theoreti-
cal. Furthermore, there is a substantial reduction in capacitance in the transition to large dis-
charge currents, which prevents the industrial use of such batteries. The reason of such a proc-
ess is the precipitation of the reaction product - lithium peroxide on the cathode surface and,
consequently, the formation of a blocking layer that prevent further reduction of oxygen. An
important role in the formation of sediment plays an electrolyte as it determines the stability of
the intermediates of oxygen reduction reaction. However, which properties are most significant
is unclear.

Therefore, the aim of this work is to determine the mechanisms that control the forma-
tion and growth of solid lithium-containing products of oxygen reduction reaction in lithium-
oxygen batteries with aprotic electrolytes. The following problems were solved: galvanostatic
and potentiostatic discharge lithium-oxygen electrochemical cells with various aprotic electro-
lytes; lithium peroxide preparation by chemical reaction of potassium superoxide dispropor-
tionation; study of the structure and morphology of the products.
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As electrode material carbon paper was chosen because it is a material with controlled
macroporosity; as the electrolyte solution used in lithium bis(triftormethane)sulfonimid several
solvents demonstrate stability relative to the intermediate oxidation products of the reduction
reaction of oxygen, including superoxide anion. We analyzed the morphology and structure of
products obtained by potentiostatic and galvanostatic discharge to the same depth in different
solvents.

It is shown that the oxygen reduction in the presence of lithium ions in the electrolyte
proceeds with the formation of plate-like particles Li,O, that form a film or agglomerate com-
plex morphology, depend on the reactivity and solvation properties of the solvent. The forma-
tion of crystal plates Li,O, superoxide disproportionation proceeds in solution, while in high
donor number solvents as electrochemical reduction of superoxide to peroxide at the electrode
surface.

Synthesis and anion-exchange property of layered rare-earth basic
salts

Yapryntsev A.D.

Scientific adviser: Baranchikov A.E., Ph.D., Senior Researcher

Very recently, a new generation of anion-exchangeable pillared materials was discovered, namely
layered rare-earth basic salts (LRBSs) of [Lny(OH),o(H,O),]* [A]* composition, where Ln is lanthanide, A — CI,
NOj". Their structure is partly similar to layered double hydroxides’ structure. Emerging interest in LRHs is main-
ly due to the possibility of combining specific properties of lanthanides (including optical, magnetic and catalytic
properties) with the flexibility of intercalation hosts and host-guest ability for the creation of novel multi-
functional materials. Sensing materials, contrasting agents for magnetic resonance imaging, materials for drug
delivery and neutron-capture therapy, thin film luminescent materials and others have been already created using
various LRBSs.

So far, known methods of LRBSs’ synthesis belong to two major groups. The first one was extensively
used for preparing well-crystallized LRBSs and is based on the homogeneous precipitation of LRHs from aqueous
solutions of corresponding metal salts in the presence of hexamethylenetetramine (HMT). Upon heating up to 90—
100°C, HMT hydrolyses slowly with the formation of ammonium hydroxide, which acts as a precipitating agent.
The second group of methods is based on LRH precipitation by alkalis or alkylamine, followed by hydrothermal
treatment or refluxing. The considerable duration of synthesis (8—48 hours) is a common drawback of both groups
of methods, which limits their widespread application.

In the present work, we focused our efforts on the development of novel time-saving techniques for the
synthesis of layered rare-earth (Y, Gd, Eu) basic salts, and on investigation of their anion-exchange property.

In the present work, we have reached the following objectives:

1. Synthesis of LRBSs by microwave-assisted homogeneous hydrolysis under hydrothermal conditions
(MHHH), sonochemical method, as well as by non-hydrothermal precipitation or in the presence of HMT or me-
lamine;

2. Intercalation of various organic anions (dodecyl sulfate anion, anions of sulphonic acids and amino ac-
ids) in LRBSs;

3. Investigation of the phase composition, crystal structure and morphology by means of X-ray diffrac-
tion, thermal analysis, chemical analysis, electron microscopy (SEM and TEM), fluorescence and infrared spec-
troscopy.

Our results indicate that synthesis of LRBSs by microwave-assisted homogeneous hydrolysis under hy-
drothermal conditions proceeds at a very high rate and a significant amount of reaction product (yield is more than
80%) is formed even after 1 minute processing of the reaction mixture. Application of ultrasonic treatment under
non-hydrothermal conditions (t < 100°C) has been shown to increase the reaction yield.

The key parameters determining morphology, phase composition and crystallinity of LRBSs synthesized
under non-hydrothermal conditions are the type of precipitating agent (alkali or HMT) and synthesis duration.

A new method of metal oxides and hydroxides synthesis has been proposed. It’s based on homogeneous
precipitation in the presence of melamine. The method was successfully applied for the highly crystalline LRBS
synthesis at ~100°C.

We have successfully intercalated dodecyl sulfate anion, anions of sulphonic acids (C¢H;3SOs
CsH;-SO;, CgH17S0;3"), amino acids (including glutamic, aspartic and other) and fluorescein dianion into synthe-
sized LRBSs.
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Synthesis of porous gold films
for application in surface-enhanced Raman spectroscopy

Martynova N.A.

Scientific advisers: Goodilin E.A., D. Sci., Professor;
Grigorieva A.V., Ph.D., Assistant Professor.

Surface-enhanced Raman spectroscopy (SERS) is universal method for analysis of
small quantities of organic analytes with high sensitivity. It is a multiple times enhancement of
the Raman signal from the analyte molecules located on a substrate, comprising individual na-
noparticles or nanostructured films of noble metals. As a result of laser irradiation on the metal
surface plasmons generated by increasing the electric field around the metal, which increases
the Raman signal intensity up to 10'" times. It is remarkable that different analytes absorb (and
fluoresce) at different wavelengths, and so lasers of different energies should be used. There-
fore, an urgent task is to form a substrate for SERS spectroscopy which has multiband plasmon
resonance in a wide energy range. In this project, gold inverse opals with wholly or partly hex-
agonally ordered pores are proposed as SERS-active substrates.

The aim of this work is the formation of gold inverse opals, study of the correlation of
optical properties of the films with their morphology peculiarities, as well as the use of ob-
tained samples as SERS-active substrates.

Synthesis of inverse opals consists of several stages: obtaining polystyrene micro-
spheres, formation of colloidal crystals, electrocrystallization of gold in pores of matrix, its
subsequent removal. The quality of the samples at each step influences the final structure of the
porous gold film. Au inverse opals were prepared by electrochemical deposition of gold from
chloride, citrate or sulfite electrolytes into ordered matrices consisting of microspheres with
diameter D = 400 and 530 nm, as well as into disordered matrices consisting of microspheres
with D =200, 300, 500 and 600 nm. (with standard deviation less than 5%).

In current project optimal parameters for ordered colloidal crystals formation are found:
T=45°C, C=0,18 vol. % polystyrene, EL - electric field intensity in the range of 0,25 = 0,75
V / cm. Based on them, Au inverse opals are obtained with various normalized thicknesses in
the range 0,2 + 0,8 of microsphere diameter in the matrix. For electrodeposition of Au, optimal
conditions are found: chloride electrolyte with composition: 0,005 M HAuCls, 0,7 M HCIO,,
3,5 M C,HsOH; deposition in potentiostatic mode at Eq = 0.8 V versus Ag / AgCl reference
electrode. On reflection spectra of the samples plasmon resonance features are observed. Lows
are associated with the presence of local, Mie and Bragg plasmons in a mixed state, and the
condition of their excitation is determined only by surface morphology of gold films.

The Raman data, obtained on substrates, show an increased intensity of the Raman sig-
nal from fluorescent dyes rhodamine 6G and methylene blue at concentrations up to 10% M
(volume of aliquot ~ 5 mkl) by their excitation with green (A = 514 nm) and red (A = 633 nm)
lasers, respectively. The spectra obtained from different parts of the substrates are identical,
suggesting about the reproducibility of samples and surface uniformity of substrates. The en-
hancement factor is G = 10* in the case of rhodamine 6G, while in the case of methylene blue -
G = 10"". After washing substrates with distilled water, microstructure of the substrates reveals
no changes, and SERS effect is observed, that demonstrates the SERS-active substrate to be
renewable.
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Multifunctional silver - decorated microparticles for Surface-
Enchansed Raman Spectroscopy

Sarycheva A.S.

Scientific adviser: Goodilin E.A., D.Sci., Professor

Surface enhanced Raman scattering (SERS) - a unique, simple, fast and ultra-sensitive
method for the selective detection of trace amounts of substances. Of particular interest is the
study of the functioning of cells and their organelles, due to the fact that SERS - virtually the
only non-invasive method for observing processes in living cells submembrane space that will
allow us better understanding of the basic energy processes in the body, affecting the aging, the
occurrence of diabetes, etc. Also remains largely unexplored area of the optical analysis of var-
ious gas atmospheres. In particular, the detection of pyridine is an important task of modern oil
industry sector.

SERS effect is based on the phenomenon of plasmon resonance, observed mainly in
noble metal nanoparticles. At this stage of modern material science materials with the possi-
bility preconcentrating of analyte and improved stability of the working surface area are re-
quired. Solution would be to obtain polyfunctional composites containing nanostructures on
the surface of the microparticles that predispose to additional required properties. The aim of
this work is to develop new multifunctional materials for SERS spectroscopy based on silica
microparticles.

During the work materials for biological materials based microparticles obtained by
Stober process and subsequent aerosol pyrolysis in the presence of [Ag(NH3)2]+were pre-
pared. The material for gas sensors based on obtained mesoporous silica MCM-41 with amine
groups and subsequently were exposed two-step silver plates nanoparticles growing .

It is shown that the materials for biological sensors do not contain impurities and have a
detection limit of 0.1 nM in the model object rhodamine 6G. Using simple biochemical effects
were obtained the evidence of the respiratory chain work, evaluated changes intermembrane
distance function in the respiratory chain protons, a redox - state of cytochrome C. Materials
for gas sensors are selectively adsorbed from the gas phase of pyridine and allowed to deter-
mine its content of less than 1 vol.%.

Thus, the silica microparticles decorated silver nanoparticles are promising polyfunc-
tional material, wherein the variation due to the functions of the matrix material can be applied
as a gas analysis and the study of biochemical processes in living organisms.

Structure and properties of complexes of anionic liposomes with
block copolymers based on quaternized 2-vinylpyridine and ethy-
lene oxide.

Ivashkov O.V.

Scientific advisers: Efimova A.A., Ph.D., Associate Professor;
Sybachin A.V. Ph.D., Senior Researcher

In the last several decades considerable development was achieved in the field of tar-
geted and controlled delivery of therapeutic agents into the human body. In particular, formula-
tions based on liposomes — small spherical particles (50-200 nm in diameter) consisting of one
or more lipid bilayers with a drug in the inner compartment — were approved for use in medi-
cine. Nowadays the list of liposomal formulations keeps growing and the number of clinical
trials — completed and on-going — is enumerated by hundreds. Significant number of these for-
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mulations has polymers in their composition. Aside from increased stability in blood stream
and improved adhesive properties, polymers may also cause undesirable effects, such as par-
ticle aggregation, fusion, structural rearrangements in a membrane and etc. This fact makes a
comprehensive study of polymer-liposome interaction a matter of current interest.

The aim of this work is therefore to study the complexation between small anionic lipo-
somes and copolymers based on quaternized 2-vinylpyridine and ethylene oxide. In particular,
it is important to investigate how degree of polymerization of each of the blocks affects such
interaction since this issue is poorly discussed in the literature.

In this work small unilamellar liposomes made of electroneutral egg phosphatidylcho-
line (PC) and negatively charged cardiolipin (CL) (CL/PC=0.1) were used. In the first part of
the work interaction with poly-N-methyl-2-vinylpyridinium methylsulfate (PVPQ) of different
polymerization degrees (40, 270, 440) was studied. After that, copolymers of PVPQ of degree
of polymerization 40 with ethylene oxide of different polymerization degrees (45, 210, 450)
were synthesized. To examine the reversibility of contact fluorescence method was employed,
conductometry was used to establish whether interaction is followed by formation of defects in
a membrane, the composition of complexes was determined by laser microelectrophoresis,
phase transitions in liposomal membrane were investigated with differential scanning calori-
metry, MTT test was used to estimate the toxicity of complexes.

It was shown that length of polycation has substantial influence on its interaction with a
membrane. Thus, short polycation interacts with only those CL molecules located in the outer
leaflet, while long PVPQ induces flip-flop of CL from inner to outer leaflet of lipid bilayer. It
was also established that interaction of block copolymers with PC/CL liposomes is of electros-
tatic nature and can be reversed by addition of low molecular electrolyte, NaCl. As shown by
conductometry, no defects are formed upon complexation. Composition of complexes at sur-
face charge neutralization point indicates that all block copolymers, regardless of PEO’s poly-
merization degree, interact with only those CL molecules located in the outer membrane leaf-
let. However, the size of forming clusters does depend on PEO’s polymerization degree. Max-
imal lipid segregation is achieved for PVPQ49-PEQOys with similar lengths of blocks.

This work thus demonstrates that both polycation’s and PEO’s polymerization degrees
have significant influence on how copolymers interact with liposomal membrane.

Synthesis and properties of mixed SiO,-TiO, aerogels
Yorov Kh.E.

Scientific adviser: Baranchikov A.E., Ph.D., Senior Researcher

Aerogels are unique materials exhibiting extremely high porosity and specific surface
areas, low density and low thermal conductivity. Aerogel-based composites that combine these
properties with high catalytic activity are of particular interest. It was suggested that Si0,-TiO,
mixed aerogels can be used as such systems. They are prospective catalysts (isomerization and
epoxidation of olefins) and photocatalysts (photoinduced degradation of organic pollutants in
air and water). As a rule, SiO,-TiO, mixed aerogels are synthesized by a sol-gel technique. Su-
percritical fluids (SCF) used at a supercritical drying stage generally include alcohols (MeOH,
EtOH or iPrOH) and CO,. However, the influence of the type of SCF on the properties of
Si0,-Ti0O, aerogels remains virtually unstudied.

In the present work, we focused our efforts on the synthesis of mixed SiO,-TiO, aero-
gels using novel supercritical fluids (polyfluorinated alcohols and ethers), as well as analysis of
thermal behaviour of thus obtained aerogels.

Mixed SiO,-TiO, aerogels with various TiO, content (0—50 mol.%) were synthesized
by sol-gel method using tetramethoxysilane (TMOS) and titanium tetraisopropoxide (TIP) as
starting materials. In order to achieve high extent of cross-polymerization we carried out pre-
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hydrolysis of TMOS as well as addition of a chelating agent (acetylacetone) into the reaction
mixtures. Drying of SiO,-TiO, gels was carried out under supercritical conditions using both
conventional supercritical fluids (iPrOH and CO,), and hexafluoroisopropanol (HFIP) or me-
thyl zert-butyl ether (MTBE) which were not previously used for the purpose. Aerogels synthe-
sized were further annealed in the temperature range of 300°C—1200°C. Properties of all the
aerogel samples were studied using low temperature nitrogen adsorption/desorption measure-
ments, XRD, TGA-DTA, SEM. Their photocatalytic activity was estimated using the model
reaction of crystal violet photodegradation.

All the as-prepared mixed SiO,-TiO, aerogels possessed high specific surface areas
(400—1200 m*/g). The results indicate that regardless of the supercritical fluid used, the micro-
structure of Si0,-Ti0O; aerogels is characterized by the absence of large mesopores (larger than
20 nm), and the high specific surface area is primarily due to their microporosity, especially
when drying was carried out in CO,. The use of SCF with relatively low critical temperatures
(HFIP, #i=182°C and COa,, fi1=31°C) resulted in X-ray amorphous materials, while the use
of isopropanol (Z.i=235°C) and methyl tretbutyl ether (¢.i=224°C) lead to the formation of
composites comprising nanocrystalline anatase (paricle size 10-20 nm). We have shown that
specific surface areas and the structure of aerogels do not change significantly upon heating up
to ~600°C. Mixed SiO,-TiO; aerogels has been shown to be photocatalytically active in photo-
degradation of organic dyes.

In the present work we have synthesized mixed SiO,-Ti0O, aerogels using different SCF
and have shown that the properties of SCF governs surface characteristics, phase composition,
and thermal behaviour of these aerogels.

Formation and Research of the Nanostructured Material for Stent-
like Medical Devices with the Improved Operational Properties
Bikbova G.N.

Scientific adviser: Kolmakov A.G., Dr.Sci., Vice Director of Baikov Institute of
Metallurgy and Materials Science, Laboratory Head

Recently a new class of biocompatible materials, namely superelastic shape memory al-
loys, has been applied in various medical spheres. The most commonly used titanium nikelide,
or nitinol, possesses physical and mechanical properties similar to organism tissues. To avoid
repeated surgeries performed for retrieval and replacement of old devices with new ones, the
demand to double at a minimum their operating life after installation in an organism arose.

Thus, the aim of the work is to create a new medical material most suitable for applica-
tion in a human organism. The material is characterized by highest biocompatibility and great-
ly improved set of properties and extended operating life. To achieve this aim the following
tasks were established: 1) to create nanostructured NiTi; 2) to study the structure and physico-
chemical properties and the influence of various processing types on them.

The material for research were 280 micron diameter wires of nanostructured NiTi of
55.91 wt. % Ni - 44,03 wt.% Ti, which were produced by rolling, forging and drawing. The
surface was then polished and annealed at 450° C. To determine the characteristics of the pro-
duced materials X-ray diffraction analysis, microstructure investigation, TEM, SEM, analysis
of ions yields in liquid-saturated medium using AES with IP, static mechanical tests were car-
ried out.

Microhardness of the nanostructured material increases in comparison with a micro
structural analog by 38%. After the change of nitinol structure strength and ductility increases
by 4-16%.

Dissolution of any acidity of titanium ions as well as nickel ions into aggressive envi-
ronment was found what was attributed to the nanophase structure of studied NiTi. However,
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the output of nickel ions was below the average values given in the literature on the micro-
structural titanium nikelide.

Lithium vanadium phosphates as cathode materials for Li-ion
batteries
Golubev Ya.V.

Scientific adviser: Khasanova N.R., Ph.D., Chief Researcher

The development and role of alternative power engineering in the energy production is
mainly determined by current energy storage systems. Today the undisputable leader in this
field is
Li-ion batteries (LIB). A principal reason limiting the application of LIBs in different indus-
tries is a low specific energy of contemporary cathode materials. The solution for this problem
comes from the synthesis of new materials with multi-electron redox transitions.

V" as a transition metal cation is taken due to the possibility of multi-electron electro-
chemical oxidation within a reasonable potential range (3.6 — 4.5 V), that lies in the stability
window of the most commercial electrolytes. In this work we investigated a layered lithium
vanadium pyrophosphate-phosphate LigV3(P,07)3(POs), exhibiting a specific energy of 700
Wh/g, that is 20% more than that of a commercial LiFePO4. The uncertainty of literature data
concerning the electrochemical properties also encouraged this study. Thus, the aim of the
present work is synthesis and examination of electrochemical properties of LigV3(P207)3(POs)2
based cathode material.

LigV3(P207)3(PO4), was obtained by solid-state, sol-gel, freeze-drying and aerosol pyroly-
sis methods (two latter ones were applied for the first time). All synthesized compounds were
characterized with XRD and SEM analyses. For particular samples, electrochemical measure-
ments were conducted.

Synthetic conditions for the synthesis of a single-phase LigV3(P207);(PO4), were opti-
mized. Temperature ranges for all methods were found. The influence of solution temperature
on the formation of LigV3(P,07)3(PO4), by means of sol-gel was established. It was shown, that
non-stoichiometric phosphorus-deficient or excessive phases do not form. Further annealing or
addition of extra amounts of Li or P were demonstrated not to result in the formation of single-
phase LigV3(P207)3(POs), . The material exhibiting the highest specific capacity (50% theo,
C/20) was synthesized via the sol-gel route.

The cathode materials obtained by the aforementioned methods display electrochemical
activity with discharge specific capacities before 50% theo at C/20 rate.

Synthesis, functionalization and physical-chemical investigation
of magnetite nanoparticles for biomedical application

Efremova M. V.

Scientific advisers: Klyachko N.L. D.Sci., Professor;
Majouga A.G., Ph.D, Associate Professor

Magnetic nanoparticles (MNP) of iron oxides have become widespread in biomedical
researches and practice during the last decade. In a number of publications they are proposed
for use in treatment for cancer diseases by the method of magnetic hyperthermia (when the ob-
ject is put into the radio frequency magnetic field, RF MF), for drug transport and delivery, ob-
tainment of tumor-selective MRI-contrasting agents. Some attempts of the application of MNP
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as agents-intermediaries of remote control of biochemical reactions are known when RF MF
can play a role of trigger which activates or interrupts/slows down an enzymatic reaction. Coat-
ing of MNP with different shells (with gold shell, in particular) reduces their aggregation in
colloid solution, decreases their toxicity for living organisms and facilitates functionalization.

In connection with the above matter synthesis and investigation of systems based on
magnetite nanoparticles with target properties for biomedical application are of great impor-
tance; therefore it became the goal of this work. The objectives of investigation included: syn-
thesis of magnetite nanoparticles and their covering with gold shell; optimization of the syn-
thetic procedure, purification and concentrating of obtained nanoparticles; functionalization of
nanoparticles with sulfur-containing ligands; comprehensive physical-chemical investigation of
samples including determination of transverse relaxation rate R,; modification of nanoparticles
with enzyme and investigation of the effects of magnetic field on catalytic properties of ob-
tained systems.

Magnetite nanoparticles were obtained by co-precipitation of iron (II, III) salts and then
covered with gold shell by reduction of chloroauric acid with sodium citrate or hydroxylamine
hydrochloride. Sephadex chromatography and centrifugation were used for removal of non-
covered magnetite. The last approach and also lyophilization were used for samples concentrat-
ing. Obtained nanoparticles were functionalized with sulfur-containing ligands (mercapto-
PEG-acid, lipoic acid etc.). As an enzyme for modification a chymotrypsin was chosen; its
amino groups were covalently bound with carboxylic groups of the ligand by carbodiimide me-
thod.

In the first stage magnetite nanoparticles with diameter 8+2 nm were synthesized and
characterized by TEM and X-ray Diffraction. Also dynamic and static magnetic properties of
nanoparticles were determined. Obtained values of saturation magnetization and coercivity are
60-65 emu/g u 35-50 Oe, respectively, that is typical for magnetite in ferrimagnetic state. After
covering with gold, nanoparticles diameter varied from 20+5 nm to 40+5 nm. Centrifugation is
determined to be the optimal method of purification and concentrating of nanoparticles. The
formation of «core-shell» structure was proved by HRTEM combined with EDX-analysis dur-
ing which simultaneous presence of iron K-lines and gold M-lines was found in the spectrum.
ICP MS showed that magnetite/gold mass ratio was 0,01-0,25 that correlated with theoretical
estimation. Transverse relaxation rate was determined to be 250-300 mM™'s™ for magnetite and
150-300 mM's™ for magnetite-gold. These values exceed the transverse relaxation rate of
commercial MRI-contrasting agents. The effect of alternating magnetic field on catalytic prop-
erties of chymotrypsin immobilized on magnetite nanoparticles, notably the slowdown of cata-
lyzed reaction at the level of 30-35 % was found. The most probable reason for the observed
effect is the change of active centers topology on the enzyme surface as a result of its deforma-
tion under applied forces.

Thereby, in the present work systems based on magnetite nanoparticles were synthe-
sized and characterized. They have promising application in MRI as contrasting agents and al-
so in targeted drug delivery for remote control of enzyme catalytic activity. That paves the way
to the development of new medicine types — theranostics.

Nanocomplexes of superoxide dismutase for the treatment of
neurodegenerative diseases

Aleksashkin A.D.

Scientific advisers: Klyachko N.L., D.Sci., Professor;
Nukolova N.V. Ph.D., Senior Researcher

Numerous diseases ranging from neurodegenerative till some types of cancer are asso-
ciated with overproduction of reactive oxygen species. Injection of antioxidants could decrease
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inflammation. Antioxidant enzymes, such as superoxide dismutase (SOD) and catalase, are the
most effective antioxidants in nature and could be used to slow oxidative stress. Unfortunately,
injection of native enzymes is not effective due to their rapid elimination and instability in the
blood. Kabanov A.V. developed so-called “nanozymes” — nanoparticles based on block-
ionomer complexes of negatively charged proteins and positively charged block-copolymers
(in particular, polylysine-polyethyleneglycole, PLL-PEG) stabilized with cross-linking. These
particles had a size of 30-40 nm and in some extent protected the enzyme from inactivation.
However, the rapid leakage of the enzyme from the particles did not allow efficient use of the
therapeutic effect of SOD.

The aim of this work was to develop a new type of SOD nanoparticles, which stronger
retain the enzyme molecule inside, thereby increase their stability, which leads to increased
therapeutic efficacy. To achieve this goal, synthetic procedure was optimized, physico-
chemical properties of the particles were investigated, new ways to increase significantly the
degree of SOD retention in the particles have been looking for, in vitro and in vivo tests were
carried out.

To improve the quality of physico-chemical and biological properties of the particles,
modified synthesis was proposed, including adding a second layer - a negatively charged po-
lyglutamate-polyethylene glycol.

Such modification allowed us to enhance particles cross-linking while maintaining en-
zyme activity, which turned to increased degree of SOD retention in the particles, reduced lea-
kage of the enzyme, increased circulation time in the body and improved therapeutic effect in
model of spinal cord injury in the rats.

Thus, new type of nanoparticles SOD was developed, which more effectively retain the
enzyme and, therefore, possess significant therapeutic effect.

Development of liposomes for targeted cisplatin delivery to brain
tumor with overexpression of vascular endothelial growth factor

Kuznetsov I.1.

Scientific advisers: Nukolova N.V. Ph.D., Senior Researcher;
Klyachko N.L., D.Sci., Professor

Brain tumors are characterized by high degree of vascularization, increased vascular
permeability and impairment of the blood-brain barrier integrity. These features of the vascula-
ture structure in the brain tumor allow nanoscale particles, such as liposomes, to penetrate from
the bloodstream and accumulate in the tumor tissue. The main task in the targeted delivery is
selection of target, which would be specific, overexpressed and accessible for binding with the
vector molecule. Malignant neoplasms, including brain tumors, have a high level of expression
of vascular endothelial growth factor (VEGF). The conjugation of liposomes with monoclonal
antibodies to VEGF may provide their selective accumulation in the tumor tissue.

The goal of this work was to develop the stable targeted liposomes efficiently loaded
with cisplatin and study the possibility to use them in the targeted drug delivery to the brain
tumor.

The synthesis of liposomes was carried out by emulsification of lipid film consisting
from the mixture of different phospholipids in an aqueous solution of platinum salt. Conjuga-
tion of liposomes with monoclonal antibodies to VEGF, VEGFR2 and IgG (as the control) was
performed by attaching activated antibodies to liposomes containing outer maleimide groups.
The targeted liposomes were purified from free drug and unbound monoclonal antibodies by
gel filtration chromatography. Physicochemical characteristics of liposomes were studied by
dynamic light scattering, transmission electron microscopy and X-ray fluorescence analysis.
Immunochemical activity of conjugated antibodies was determined by ELISA assay. The cyto-
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toxicity of obtained formulations was studied on glioma C6 cells using MTT-test. Evaluation
of liposome accumulation in the brain tumor of rats was studied using fluorescence analysis
(DMI 6000, Leica, Germany) at 48 hours after intravenous administration of formulations. The
study of pharmacokinetics was carried out by determination of Pt concentration using ICP MS
during 48 hours after intravenous administration of formulations.

As a result we obtained the stable negatively charged targeted liposomes. The maxi-
mum loading capacity of liposomes was 21£3 % that exceeded twice the loading of commer-
cially available liposomal nanoparticles (Lipoplatin®). Immunochemical activity of antibodies
retained after their conjugation with liposomes, which indicates that the developed method of
synthesis did not affect the active sites of antibodies. Specific monoclonal antibodies doubled
the cytotoxicity of the liposomes compared to non-targeted liposomes in VEGF-positive gli-
oma C6 cells. The fluorescence analysis of glioma C6 slices showed significantly higher ac-
cumulation of liposomes conjugated with specific antibodies in brain tumor of rats compared to
non-targeted and non-specific formulations after their intravenous administration.

Thus, during this work the stable targeted liposomes with high loading of cisplatin were
obtained and it was shown their ability for targeted drug delivery to the brain tumor.

Sorption of Am(III) onto orthophosphates of the rare-earth
elements

Gracheva N.N.

Scientific advisers: Kalmykov S.N., D.Sci., Professor;
Romanchuk A.Yu., Ph.D., Researcher

As a result of the activities of the nuclear fuel cycle enterprises accumulate large
amounts of radioactive wastes that have to be transferred into the solid matrices (glass or min-
eral-like). Cesium and strontium fraction is mainly vitrified in borosilicate or alumophosphate
glasses. The content of alpha-emitting radionuclides such as Am(III) and Cm(III) is strictly re-
gulated in liquid wastes since they may affect the long-term stability of glasses. Therefore one
of the important tasks is to develop the methods for separation of these radionuclides from
waste solutions before the vitrification. Lanthanide phosphates (LnPO4) are perspective mate-
rials for sorption actinides from nuclear wastes, especially Am(III), Cm(III) and can be used as
matrix for the disposal of nuclear wastes.

There are several structural types of crystal lattices in which lanthanide orthophosphates
are crystallized: monazite-type compounds (crystallize in a monoclinic lattice), xenotime-type
compounds (crystallize in a tetragonal lattice) and rhabdophane-type compounds (crystallize in
a hexagonal lattice). The aim of this work is to determine the sorption behavior of Am(III) onto
LnPO, samples with different crystallinity and morphology.

All samples were characterized by scanning electron microscopy (SEM), X-ray diffrac-
tion (XRD), BET technique, differential scanning calorimetry (DSC) and potentiometric titra-
tion. Measurements of radioactivity were carried out using liquid scintillation spectrometry and
Y-spectrometry.

Am(III) sorption and desorption kinetics onto LnPO4 with different structures are close.
Annealing of the sample with sorbed Am(III) significantly slows the leaching of the radionuc-
lide. Sorption isotherms of Eu(Ill), as a chemical analog to Am(III), at pH 4.5 were obtained
and found to be the same for LnPO, samples with different structures. Sorption isotherms are
nearly linear, surface saturation is not observed. When Eu(III) concentration is higher compar-
ing to the number of sorption sites on the surface of LnPQOy, sorption still occurs.

Am(III) sorption onto two samples of NdPO, with different morphology (bulk micro-
crystalline and whiskers) was studied. Investigation of Am(III) sorption and desorption kinetics
onto NdPO4 showed that steady state conditions were established fast in case of whiskers com-

57



pared with bulk microcrystalline sample. To determine the speciation of americium on the sur-
face of the solid phases, time resolved laser induced fluorescence spectroscopy (TRLIFS) was
applied using Eu(III) as a chemical analog to Am(III). It was shown that Eu(III) sorption on the
surface of both solids is described by formation of innersphere complexes. Using the decay ki-
netics, change in the number of water molecules in the Eu(Ill) coordination sphere was ob-
tained.

It was found that the morphology of the NdPO,4 (bulk microcrystalline and whiskers)
affect Am(III) sorption and desorption kinetics but does not have any influence on the sorption
equilibrium value and on the speciation of europium on the surface of the solid phases. No sig-
nificant impact of the LnPOy crystalline structure on sorption properties of the sample surface
was investigated.

Formation of one-dimensional bismuth nanostructures
by templated electrodeposition

Hancharova H.

Scientific Adviser: Napolskii K.S., Ph.D., Chief Researcher

In recent decades, the transport properties of one-dimensional nanostructures, such as
nanotubes, nanowires and whiskers, are of great interest owing to the trend toward miniaturiza-
tion of electronic devices. Bismuth nanostructures are well known as the objects possessing
unusual electronic properties. Earlier, the oscillations of resistivity and magnetoresistance
(Shubnikov - de Haas oscillations) and of magnetic moment and magnetic susceptibility (de
Haas - van Alphen effect) were observed in thin Bi crystals and single crystal thin films. These
effects are caused by special surface states of charge carriers. Recently, transition to supercon-
ductivity state was demonstrated for Bi nanowires obtained by templated electrodeposition
technique. However, transition temperature and critical current are substantially different for
various Bi nanowires, even in the experiments of one scientific group.

The aim of this work is the preparation of one-dimensional bismuth nanostructures by
templated electrodeposition and the study of the transport properties of individual nanowires.
In order to achieve the aim, a number of interrelated tasks should be solved: the selection of the
electrolyte and the determination of optimal conditions for the electrodeposition of metal; the
preparation of bismuth nanowires by metal electrodeposition inside porous matrices with one-
dimensional channels (anodic aluminum oxide (AAO) films, polymer track-etched mem-
branes); the optimization of conditions for selective matrix dissolution and for preparation of
suspension of Bi nanostructures; the measurement of the transport properties of individual
bismuth nanowires.

In order to find out optimum conditions for bismuth electrodeposition the series of ex-
periments on the deposition of bismuth on the plane substrates (Cu, Au) were executed. Elec-
trochemical depositions were performed from electrolytes containing 0.1 — 0.4 mol / 1 of
Bi(NOs3); in a mixture of water and ethylene glycol (7: 3 by volume) at potentials -0.1, -0.2 and
-0.3 V versus reference electrode made of bulk bismuth in the same solution. Prior to electro-
deposition the electrolyte was deaerated with argon for 30 minutes. It has been found that elec-
trodeposition of Bi from 0.4 M bismuth nitrate solution at -0.2 V leads to formation of coarse
grained precipitates with well-defined texture along <1120> direction of rombohedral struc-
ture. It has been shown that the composition of substrate does not affect on the rate of metal
electrodeposition.

Bismuth nanowires have been obtained by templated electrodeposition method. The
anodic aluminum oxide films formed in 0.3 M (COOH);, at 40 and 120 V (AOA 40V and
AOA 120V, respectively) and commercially available track-etched polycarbonate membranes
were used as templates. XRD data for AOA/Bi nanocomposites testify that metal crystallize in
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rombohedral structure. It should be noted, that for Bi nanowires texture along <1120> is more
pronounced in comparison with electrodeposited metal films onto bare substrates. Selected
area electron diffraction measurements are in good agreement with XRD data. Electron trans-
port properties of individual Bi nanowires have been measured. It has been shown, that Bi na-
nowires demonstrate metal conductivity in wide temperature range (from room temperature to
1.2 K), for the nanowires with diameter ca. 100 nm transition to the superconducting state has
not been observed. Obtained temperature and field dependences of the conductivity of bismuth
nanowires are of great fundamental interest.

Transport properties of polymeric and composite membranes
based on anodic alumina

Chernova E. A.

Scientific adviser: Eliseev A.A., Ph.D., Associate Professor

Gas separation processes play a key role in membrane science. Petroleum by-gas frac-
tionation, natural gas enrichment, extraction of oxygen and nitrogen from air and other impor-
tant processes of the worldwide scale are of great demand nowadays. Polymeric membranes
are usually used for gas separation. The main functional membrane parameters are permeabili-
ty and selectivity for the target component. Unfortunately, polymeric membranes are characte-
rized by a trade-off between selectivity and permeability which reduces membrane perfor-
mance. This problem can be solved by preparation of composite and modified polymeric
membranes.

Therefore the main scope of this master thesis was to develop composite and modified
polymeric membranes for gas separation. The following tasks were accomplished: preparation
of membranes based on Ultem 1000 polymer, annealing and biaxial stretching of these mem-
branes; preparation of composite membranes based on anodic alumina and selective layer of
polymer with intrinsic microporosity PIM-1; studying the microstructure and gas transport cha-
racteristics of prepared samples.

Anodic alumina (AA) membranes were prepared by electrochemical oxidation of alu-
minum (in 0.3 M H,C,04 electrolyte) in the voltage range from 40 to 120 V with the step of 20
V. Selective coatings were deposited from PIM-1 solution in chloroform using spin-coating
method. Membranes based on Ultem 1000 were prepared from chloroform solutions by sol-
vent-evaporation technique followed by annealing at 230 °C and biaxial stretching. Scanning
electron microscopy (SEM) was used for microstructure characterization of prepared samples.
Gas transport properties were measured with respect to CO,, CHy4, C4H;o, He, Ny, O, gases us-
ing Daynes-Barerr technique.

Composite membranes exhibit increased selectivity for C4H;o/CH4 gas pair: the maxi-
mum value is 110 at permeability of butane and methane of 14000 Barrer and 245 Barerr re-
spectively. We assume that increased selectivity is caused by the influence of anodic alumina
rigid structure on polymeric chains. SEM images have revealed that polymeric material pene-
trates into the pores of AA membranes in the depth of 5-8 microns. Space confinement of po-
lymeric chains gives rise to the reduction of the diffusion pathway for methane and other con-
stant gases. Butane, in its turn, is highly soluble in PIM-1 so that its permeability does not
change. Effective C4H;0/CH4 separation can be possible in this case. Permeability of non-
modified Ultem 1000 membranes is 8.41, 0.77, 0.10, 4.29 u 0.13 Barrer for He, O,, N», CO»,
CHa, respectively. Annealing and biaxial stretching of these membranes have led to the reduc-
tion of permeability of all measured gases, except He, while selectivity of CO,/CHy4 gas pair
exhibit two-fold increase: 67 against 33 for non-modified membranes.

Results of the present research have shown that transport parameters of membrane ma-
terials can be governed at the molecular level.
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Mossbauer spectroscopy investigation of BiFeO; multiferroic
Gorchakov D.S.

Scientific adviser: Sobolev A.V., Ph.D., Associate Professor

Multiferroics are advanced materials with coexistence of ferroelectricity and magnet-
ism. They have potential for applications in various areas such as microelectronics, spintronics,
magnetic field sensors and radioactivity absorbents. To expand the capabilities of multiferroic
applications it is necessary to understand the interaction between ferroelectric and magnetic
subsystems.

The antiferromagnet ferrite BiFeOs is a “proper” multiferroic in which ferroelectricity
and magnetism have different microscopic nature. The ferroelectricity is considered to primari-
ly originate from displacements of the Bi’" ions due to the stereochemically active 6s” lone
pair. Mdssbauer investigations which had been previously carried out couldn’t authentically
explain the existence of asymmetrical sextet at 7 < Tn. The goals of this work are to suggest
the model of spectra analysis which matches the structural data, to explain the interaction be-
tween ferroelectric and magnetic subsystems and to obtain temperature-dependent evolution of
the magnetic structure and hyperfine parameters in BiFeOs.

In this work the new results of >’Fe Mossbauer studies on BiFeO; powder sample per-
formed at various temperatures above and below of the point of magnetic phase transitions (7x
~ 650 K) are reported. The *’Fe Mdssbauer spectra measured at 7> Ty consist of doublet with
quadrupole splitting Ageox ~ 0.44 mm/s corresponding to the Fe’* sites in rhombohedral pe-
rovskite-like BiFeOs lattice with a strong electric field gradient (EFG) at °'Fe nuclei. The self-
consistent calculations of the lattice contributions to the EFG tensor were performed taking in-
to account dipole moments of the O* and Bi*" ions.

According to the neutron diffraction data obtained by the group of polish scientists the
G-type antiferromagnetic structure of BiFeOjs is subjected to a long-range modulation of cyc-
loidal-type with the period of ~620 A. Mossbauer spectra of bismuth ferrite below Ty were
analyzed by using distribution of sextets according to the model of space-modulated magnetic
structure. The cycloidal modulation of the iron spin was described with the elliptic Jacobi func-
tion sn[(+4K(m)/A)x,m] (where m is its anharmonicity parameter, K(m) is the complete elliptic
integral, 1 is the modulation period, x is coordinate along the propagation direction).

In this work it was shown that the shape of Mdssbauer spectra is related to the cycloid-
al-type modulated magnetic structure of BiFeOs. It was found that the polarizabilities of O*
and Bi’* should be used to explain the value of quadrupole splitting using crystallographic da-
ta. It was found that the dependence ag;(T) reflecting that the displacement of the Bi*" from the
FeOg¢ polyhedra, which influence the electric polarization, decreases with temperature. The
good fit of the experimental spectra was obtained for the anharmonicity parameter m = 0.36 +
0.04 (T = 4.9 K). It was obtained the temperature dependence of anharmonicity parameter m
which reflects the features of uniaxial magnetocrystalline anisotropy constant behavior. One of
the unusual results is associated with strong temperature dependence of anisotropy of the mag-
netic hyperfine field Hyy at °’Fe nuclei: AH,, = 2/3(H) - Hy).

60



Thin films of multiferroic LuFe, , Mx0O4 (M=Fe,Cu,Mg): new
synthetic approaches, structure and properties

Plokhikh A.V.

Scientific adviser: Kaul A.R, D.Sci., Professor.

Magnetoelectric materials (multiferroics) has both magnetic and ferroelectric order, so
they can find a wide application in microwave technologies, sensor technologies, storage de-
vices.

LuFe,04 phase and its structural analogs are considered as promising magnetoelectrics
because they have a high polarization, large magnetization and a relatively high Curie tempera-
ture: for LuFe,O4 Tc is 320 K, the magnetic Tc = 240 K. In the literature are well described
preparation and properties of LuFe,O4 and rare-earth analogues of this phase in bulk form, in
particular, it is shown that these phases are thermodynamically stable in a narrow range of low
oxygen partial pressure (pO,). At the same time, obtaining films LuFe,Oy still represents a
challenge, but only in thin film state these multiferroics may have a practical perspectives.
Along with the physical deposition techniques (PLD, MBE), the cheaper and simpler chemical
methods are of great interest, but the potential of these techniques is not fully explored. Also,
there is no information on the synthesis of the substituted films LuFe(M)O4 which should pos-
sess of higher thermodynamic stability to phase decay. Also up to date, oriented multiferroic
thin films on conductive substrates have not been received, whereas this is a key step in the
application of this material in microelectronics for the full implementation of its magnetic and
electrical properties. The objectives of this work is to find approaches for solving these prob-
lems. The two step synthesis was proposed and elaborated: at the first step the amorphous
films of Lu-Fe-O were deposited alternatively by MOCVD technique or from organic solutions
of complex compounds Lu and Fe. The second step is the high-temperature annealing (T = 900
° C, t = 5-10ch.) of the precursor films under low pO, using getters FeO/Fe;04 or Fe/FeO for
partial reduction of iron(IIl) to the bivalent state. The polished single crystalline substrates
7r0,, MgAl,0,4, and SrTiO; cut along (111) plane were used. The films of (111) Pt, and (111)
In,O; were deposited on these substrates as conducting and orienting buffer layers. They were
deposited by magnetron sputtering and MOCVD methods, respectively.

Epitaxial films of (111) Pt // (111) ZrO,, (111) Pt // (111) SrTiO3, (111) In,O3 // (111)
710, (111) In,O5 // (111) MgAl,O4 were deposited at the first stage. Oriented films LuFe,O4
were obtained on conducting buffer layer, which have been fully characterized by X-ray dif-
fraction, EDX and electron microscopy (SEM and TEM). Thin films of LuFeMO4 (M = Cu,
Mg) were successfully obtained in-situ by MOCVD technique without subsequent annealing in
reducing atmosphere.

The work has been shown the ability of chemical methods to obtain the oriented
LuFe,04 films suitable for their physical properties study, the multiferroic films were obtained
on the conducting buffer layers, the films with partial replacement of iron ions were obtained
in situ in one-step MOCVD process.
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Basalt fiber-reinforced plastics with advanced mechanical prop-
erties

Timoshkin 1.A.

Scientific advisers: Gutnikov. S.I., Ph.D., Senior Researcher; Kuzmin K.L. Ph.D.
student

In the continuing search of materials with improved mechanical properties at lower
cost, basalt fiber is an emerging reinforcement option because of their exceptional balance of
properties at comparatively low cost. An important contributing parameter to ultimate perfor-
mance of any composite is the fiber-matrix interface, to which toughness and compressive
strength are intimately related. To better understand this matrix fiber interaction in controlling
properties, we compared different modification strategies and the impact upon the properties of
composites.

Therefore, our scientific research was designed to study the influence of basalt fiber
surface modification on their mechanical properties and adhesion to the epoxy resin. To solve
this problem have been formulated following tasks: 1) to modify the surface of basalt fibers, 2)
to investigate surface of basalt fibers, 3) to manufacture composites via vacuum assisted resin
transfer molding, 4) to explore adhesive strength for monofilaments and composites, 5) to
study mechanical properties of composites.

Three basic strategies were employed: to use acid chemical treatment on basalt fibers
(10% HCI, 0.5M HF), to chemically attach y-aminopropiltriethoxysilane (APS) and -
glycidoxypropyltrimethoxysilane (GPS) to the fiber surface and to apply hybrid coating with
colloidal silica (15 nm) and amino silane to also increase surface roughness of the fibers.

For each surface modification technique used, the structure and morphology were in-
vestigated by IR spectroscopy, scanning electron microscopy and contact angel measurements.
Each composite was tested upon ultimate tensile strength, compressive strength and interlinear
shear strength. The role of various surface coatings, and hence fiber-matrix adhesion, was stu-
died using single-fiber composite fragmentation test and scanning electron microscopy.

The discrease in fiber strength from 2860 MPa to 2220 MPa was found after 60 min ac-
id treatment in 10% HCI, discrease in Young’s modulus is from 59.1+0.8 GPa to 52.9+1.2 GPa
respectively. After 60 min treating in 0.5M HF fiber strength lower to 2040 MPa, whereas
modulus increases to 60.8+0.8 GPa. After amino silane attachment, fiber strength runs up to
3493 MPa. The applying of hybrid coating with component ratio APS:Si0,=1%:1% tends to
increase fiber strength to 3417 MPa. The highest value of adhesive strength is observed for ra-
tio APS:S10,=0,5%:1%. The interfacial shear strength of single-fiber composite multiplies
from 30.9+0.9 MPa to 44.0£1.1 MPa, the interlinear shear strength of composite — from
35.0+1.0 to 47.0+1.2 MPa.

The mechanism of fiber destruction through acid treatment was investigated. Furthe-
more, mechanism of silane chemical bonding with surface of basalt and nano-SiO, was stu-
died. The applying of hybrid coating can dramatically increase the fiber strength (up to 20%)
and adhesive strength on fiber-matrix interface (up to 40%).
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