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OT3bIB
BELYIIEH opraHu3aluy o auccepranuu ArapeBoit Hanexnasl AnexceeBHBI Ha TEMY
«DOTOYYBCTBUTENbHbIE KOMIIO3UTBI Ha OCHOBE [OJMMETHJIMETaKpuiara M
COEIMHEHUH Kelle3a U 30J10Ta», NPECTAaBIEHHOM K 3alllUTe Ha COUCKAHUE YUYECHOU
CTENCHU KaHAu[aTa XUMHYeCKUX Hayk 1o crneudansHocty 02.00.06 -

BBICOKOMOJICKYJIAPHBIC COCIUHCHU .

Huccepranuonnas pabora Hanmexnel AnekceeBHbl ArapeBoil BBINIOJHEHA B
Unctutyre npuxnagHoit ¢usuku Poccuiickoit akamemun Hayk (UI1® PAH) B
COOTBETCTBUM C I[UIaHAMH HayYHO-UCCIENOBATENbCKUX HHCTUTYyTa IO TeMaMm:
«JlazepHOe CTPYKTypUpOBaHHE IMOJUMEPONOAOOHBIX CpeA: MOJIUMEepH3alus,
arperauusi, cBesutuHr» (2002 — 2004 rr, kxoxm mpoektra 02-02-17745-a);
«CryuyaliHble Jla3epbl B HAHOCTPYKTYpPHUPOBaHHBIX cpenax» (2006 — 2008 rr, xon
IpoeKTa 06-02-17381-a); «IlpenensHble BO3MOXXHOCTH JIa3€pHOro
HaHOCTPYKTypUpoBaHus mnoiumepoB» (2009 — 2011 rr., 09-02-00665-a);
«Hcnonp3oBaHue JnazepHOro cBeuMHra uis ¢opmupoBaHus cy0—100 HM
IIa3MOHHBIX CTpYkTyp» (2012 — 2014 rr., 12-02-01075-a); «JlazepHble METOABI
GOpMHpPOBaHUSA  HAJMOJEKYISIPHBIX  CTPYKTYp  pa3jMyHOro Macmraba B
TIOJIMMEPHBIX, IMOPUCTBIX M KOJIOMAHBIX cucremax» (2013 — 2014 rr., 13-02-
12433— obir_M2). |

Pa6ota mocssitieHa pa3paboTke METONOB CHHTE3a KOMIIO3UTOB HAa OCHOBE
npo3pavyHoii MaTpuibl noyuMerunmetakpuiara (IIMMA), koTopble copepXkar, B
3aBUCUMOCTH OT TeX Lejeld, A1 KOTOPBIX MPEANoiaraeTcsi HCIoIb30BaTh

KOMIIO3HUT B ,HaJIBHefIHleM, pasiindHBIC COCOHUHCHHA IKEJI€3a HIJIM 30JI0Ta. HpI/I



CO31aHMH ONTUYECKUX YCTPOMCTB Ha OCHOBE MPO3PAYHBIX MOJIMMEPHBIX MATPUIl B
NOCNIEIHUE TOMbl YCHEIIHO HCIIONB3YETCS TPEXMEPHOE Ja3epHOE MHKpO— H
HaHOCTPYKTYpHPOBaHHE COOTBETCTBYIOIIHUX MaTEepUaOoB.
MUKpOCTPyKTypHpOBaHHE  OCYILECTBISETCA MyTeM (OKYCHPOBKHM I1a3€pHOIO
U3y4YeHHs] B ONpPENCIECHHBIA YYacTOK BelecTBa, Haxoaslmuiics B o0beme. B
pe3yabTaTe MOIIIOIICHUE IMPOUCXOAUT TONBKO B (DOKATLHOM OOBEME BEIMYMHOM
IOpsiIka HECKONBKHX MUKPOH U HE 3aTParuBaeT HM MOBEPXHOCTh HMCCIETyEMOTO
obpasia BelecTBa, HU COCEHUE €r0 YUacTKU. [T0CKONBKY B HACTOSIIEE BPeMS I
MHUKPOCTPYKTYPUPOBAaHUSA 4YacTO INPUMEHSIOTCS (eMTOCEKYHIHBIE J1a3ephbl
6mmxHero uHdpakpacHoro (VK) nuanasoHa, 3TO BBI3BIBAET MOTPEOHOCTE B IIOUCKE
COeNMHEHHH, O06NafaloliX CBOWCTBAMH  HENTHHEHHBIX XpoMOOpoB ¢
IBYxGOTOHHBIM moriomenueM B obmactu 700 — 800 uMm. ®epporen — ogHO U3
Hambonee W3BECTHBIX B HACTOSIEE BpeMs COENMHEHHH, XapaKTepU3YIOMIUXCS
HeJIMHEWHBIM OITHYEeCKUM [OTJolleHreM B OmmkHed uHGpakpacHoit (MK)
o0JacTd NmpH TOM, YTO B 3TOM JAHMANa3OHE IIPaKTUYECKH OTCYTCTBYET JHUHEHHOE
IIOTJIOIICHNE.

HaHOCTpyKTypHpOBaHHbIE KOMIIO3UTBI MOTYT OBITH TIIOJyY€HBI IIpU
JTa3epHOM BO3JIeHICTBUH, IPU KOTOPOM JlaKe B ClIydyae PaBHOMEPHOIO OOIyuYeHUs
HUCXOJHOTO FOMOI'€HHOro 06paslia B HEM pa3BUBAIOTCS MPOLIECCHI, IPUBOIAIINE K
o0pa3oBaHMI0  HAHOKJIACTEpOB  WIIU HaHoneonHoponHOCTeﬁ 3a  cYer
($bOTOXMMHYECKMX MpeBpalleHuil ClelialbHO BBEJACHHBIX J00aBOK—ONaHTOB, B
Ka4ecTBe KOTOPHIX MCIIONB3YIOTCS COeIUHEHN MeTaJUIOB. [10106HbIe coeqMHEHNA
pa3naraloTcss moJi JAeHCTBHEM JIAa3€pHOr0 H3NMy4YeHHWs, 4YTO IPUBOJMT K
obpazoBanuio Metaiummyeckux HaHodactin (HY) B mnonvMepHoil marpuie u
U3MEHEHHIO  ONTHYECKUX  CBOMCTB  KOMIO3UTa, T.6. K  CO3JaHMIO
GOTOMHIYIIMPOBAaHHBIX HAHOKOMIIO3HTOB. /[l 3TOro 4acTo IPUMEHAIOTCA
coequHeHHs  3o0i0Ta.  Hambonee  AOCTynHBIM M3  HHX  SBIAETCA
30JI0TOXJIOPHCTOBOZOPOJHAS KUCIOTa, IIpH (OTOXMMHYECKOM pa3IOKEHUH
KoTopoii mon aeiictBueM YO wu3nmydeHus obpasyrorcs 3onoteie HY. 3to
HampaBjeHHe B HACTOSIlEe BpeMs MHTEHCUBHO Pa3BHBAe€TCS Ha OCHOBE XKHUAKUX

pPacTBOPOB H IUICHOYHBIX MAaTpHII. CJIeIlyeT OTMETHUTH, YTO KOrJa Ha;[exc,ua



AnekceeBHa Hayajla HCCIEJOBaHHMSA [0  IIONYYEHHIO TBEPABIX OOBEMHBIX
IONUMEPHBIX KOMITO3UTOB ¢ HY 3010Ta, Mo 3TOH TeMe HMMelcs BCEro Numb 1
TIaTEeHT, OTHOCALIMMCS K HU3KOH KOHLIGHTPAIMM COETHHEHHs 30710Ta, okono 107
MOJIB/JI.

YKa3aHHbIE€ HANPABICHUS B CO3AaHUHU MHKPO— M HAHOCTPYKTYPHPOBAaHHEIX
TIOJIMMEPHBIX CHUCTEM COMNPSDKEHHI ¢ Mpo6sieMaMy MOTY4YeHUS TBEPAbIX 00BbEMHBIX
NONMMEPHBIX KOMIIO3UTOB, COZAEPXALIMX BHICOKHE KOHLEHTPAlUM COEHMHEHMH
MeTaJlIoB. B yacTHOCTH, psAJ OCIIOXKHEHUH BO3HHMKAET MPH CHHTE3€ MAaTEPHAJIOB
Ha OCHOBe mnoiuMmeruwnMmerakpuwiara (IIMMA), coxepxamux ¢eppolieH WK
coequrenus 3oiota (III).

K Havamy paboTsl couckaTens HaJ TEMaTHKOH IUCCEPTAIl[iK ObLIO MHOTO
HEPEUICHHbIX BOIPOCOB, CBS3aHHBIX C TMOJMyYEeHHWEM KOMIIO3UTOB IIyTEM
paaukanpHOM mnonumepuzammud MMA B Macce B TPUCYTCTBHHM BBICOKUX
KOHLEHTpalUuil ymoMsSHyTBIX coequHeHuil. Breibop I[IMMA B Kkadectse
MaTPUYHOro MOJUMepa JOTMYHO OOOCHOBaH TE€M, YTO 3TOT MOJUMED JTUAUPYET B
OTHOIIIEHUH ONTUYECKOIO IPOIyCKaHUS B BHAUMOM H yibTpaduoseToBoM (YD)
Iuana3oHe Cpeld OpraHUYeCKUX MOJIMMEpPOB, KPOME TOrO, 3TO KOMMEpPYECKU
NOCTYIIHBIM IIPOMBIIUIEHHBIH MONHUMeEpP, YCTOMYMBBEIA K BlIare M Iepenanam
TEMIEepaTypsl B mnpomx npenenax,. XUMHYECKH HWHEPTHBIH, U  XOPOUIO
obOpabatbiBaeTcsi myTeM GOpPMOBaHHSA.  OTO IOATBEPXKIAET 3asBICHHYIO B
IUCCEPTallid aKTYyaJbHOCTh BHIHECEHHOW Ha 3alIuTy paboThl Kak B obnacTu
XMMHH BBICOKOMOJIEKYJISIPHBIX COEIUHEHHH, TaK ¥ B Oojiee NIMPOKOM CMEBICIIE — B
BOIIPOCaX B3aUMOJAEUCTBUS ONITUYECKOT0 U3JIy4EHHs C BEILECTBOM.

Iens u 3amaunm paborsl H.A. ArapeBoif cpOpMyIHpPOBaHBI YETKO.
OcHOBHOE BHHMaHHME yHeisieTcs pa3paboTKe MeTOHOB CHHTe3a OOBEeMHBIX
IPO3paYHBIX ONTHYECKHX CHCTEM IyTeM pajuKajibHOH momumepusanuu MMA B
Macce TP HAIMYMHK BBICOKMX KOHLIEHTpAlMil TaKUX COeIMHEHHMH, Kak (eppoleH
HIM 30JI0TOXJIOPMCTOBOAOPONHAS KHCIOTa MM e€e NpousBoaHele. [Ipu 3TOM
aBTOpOM JIUCCEpPTAlMM HETATbHO H3Yy4YEHO B3aUMOACHCTBUE (epporeHa u
COEIUHEHMI 30JI0Ta IO OTHEJBHOCTH C MOHOMEPOM H C DaJdKaJIbHBEIMH

UHHULMATOpaMH, U ITOKAa3aHO, YTO HAJIUYHUC B MOHOMEPE BBICOKHX KOHI_ICHTpaI_II/Iﬁ



UCCIIEyEMBIX BEIIECTB MPHUBOAUT K COBEPILIEHHO WHBIM SBJICHHUIM I10 CPABHEHMIO
C HMX HHU3KUMH KOHLIEHTpauMsAMH B MOJIMMepu3yollelics cucreme. Tak, mpH
UCTIOJIb30BAHMH TIEPOKCHIHBIX MHHLIMATOPOB (eppolleH, MpPUCYTCTBYIOIIMA B
MMA B KOHIEHTpalUMAX, INPEBHIIAIOMNX KOHIEHTPALUHXIO HHHWIMATOpA Ha
HOpsAfOK ¥ Oonee, MHTHOHPYET MONMMEPH3ALIUIO, B TO BpeMs KaK a30HHUIMATOP,
OyXyuyd MHEPTHBIM IO OTHOIIEHHIO K (heppOlIEHY, MO3BOJISET MPOBECTH CHHTE3
OOBEMHBIX KOMIIO3UTOB Ha 0CHOBe IIMMA, HACHILIEHHOTO ¢dbepporieHOM.
Ilogpo6bHO Mccnenyst B3auMMOJEHCTBHE 30JI0TOXJIOPHCTOBOJOPOIHON KHCIOTHI M
teTpaxnopaypara (III) N-nerunnupunusaus (Au-P16) ¢ MMA 1 paaukalbHBIMH
MHHALUATOPaMHU, aBTOp AHCCEPTALUH YCTaHABIHWBAET, YTO KMEHHO B MPHCYTCTBHH
Au-P16 (B oTiH4He OT 30J0TOXIOPUCTOBOIOPOAHON KUCIOTHI) ITOIMMEPH3ALIKS He
COIIPOBOXAAeTCSs MOOOYHBIMU PEaKUUsSIMHA BOCCTAHOBJICHUS COEIMHEHHS 30JI0Ta.
JT0 mO3BOJNISET IIPOBECTH MOJMMEPHU3ALMIO OO INTyOOKUX KOHBepcuil 0Oe3
BBIIETICHHS] METAJJIMYECKOT0 Ocagka B IIpollecce CHHTE3a IMONKMMepa, W
BIIOCJIE/ICTBHH OCYIIECTBUTE (POTOMHIYMPOBaHHOE (opmuUpoBaHHe 3070TEIX HY
nmyTeM Y@ oOnydeHus U IOCHexyroniei TepaneCKoﬁ 00paboOTKH TONTy4eHHBIX
KOMIIO3UTOB. BEIlIecka3aHHOe onpeAesiieT HAYYHY0 HOBH3HY VU CCEpTaIHH.

IIpakTHyeckass 3HaYMMOCTh Juccepranuu H.A. ArapeBoﬁ BIIOJIHE
OYEeBH/HA, TIIOCKOJBKY B pe3yJbTaTe H3y4deHHs TMpOLIECCOB paAMKaIbHOM
nomuMepusandn MMA, cojepkallero BBICOKHE KOHIGHTpaluH (eppoLeHa,
aBTOPOM TIOJy4YeHbl OOBEMHBIE KOMIIO3MTHI, O0OIaJalolMe HEeJIMHEWHBIM
ONTHYECKUM momomeHneM B auanasone 700 — 800 HM, ¥ XapaKTepU3yIOIIHECs
YyBCTBUTENHFHOCTBIO K JIa3epHOMY H3Iy4EHHIO, CQOKyCHPOBAHHOMY B MaJlbie
y4acTKi oObeMa BelllecTBa. Takue CUCTEMBl NEPCIEKTHBHBI I MCIOIb30BaHUs
MpH  JIa3epHOM MI/IKpOCprKTypI/IpOBaHI/II/I,' B YACTHOCTH, B  KayecTBe
PETUCTPUPYIOMIUX CpeJ I ONTHYECKOH 3anucy HHGOPMAaIIMH.

HaiineHHpl COHCKATENeM MOXX0J] K MOIy4eHUI0 KOMIIO3HTOB Ha OCHOBE
[IMMA u coenuuenuss Au-P16 mossomser ¢opmupoBate B oObeMe oOpasiia
pasnuuHele MEKpOCTPYKTYphl 13 HY 30m0Ta. OTH KOMITO3UTHI EPCIEKTUBHBI AN
HOpYMEHEHUS B ONTHKE, B YACTHOCTH IS CO3JaHUs «CIIy4YalHBIX)» J1a3epoB 3a CUeT

paccesiHus U3NIy4eHusI Ha 30JI0TBIX HY.



Hucceprauuonnas pab6ora H.A. Arapesoii uznoxena Ha 140 cTpaHMIax,
COCTOMT U3 BBEACHHUS, TPEX IJIaB, COAEPKAILUX 6 TabmuIl 1 50 PUCYHKOB, BEIBOIOB

Y CIKCKA UCIOJIb30BaHHOM JIMTEepaTyphl, BKJtodaromero 307 HauMeHOBaHUIA.

Bo BBEJEHHM o6ocHOBaHa axkTyajJbHOCTb TEMBI IHMCCEPTALMH,
copMyTHpOBaHbI LM M 3a1a4d PaboThl, OCHOBHBIE IOJIOKEHHUS, BHIHOCUMEIE Ha
3allUTY, ONpee/eHbl Hay4Has HOBU3HA U MPaKTHYECKask 3HAYUMOCTh paboTHI.

I'maa 1 — OG6G3op JHTepaTypbl — COAEPXHUT PE3YJbTATHl MOAPOOHOrO
aHanmM3a aBTOPOM IUCCEPTALIMM MHOTOYHMCIEHHBIX MTyONMKalni, MOCBSIIEHHBIX
HCIOJIb30BAHUIO aKPUJIOBBIX ¥ METAKPHJIOBBIX MOJIMMEPOB B KaUeCTBE OMTHYECKHX
MaTepuanoB. OOcyxnaiorcd TpoOJieMBl CHHTE3a W ONTHYECKHWE CBOMCTBA
HOJIMMEPHBIX CHUCTEM, cojepxaliux ¢epporeH. Couckarenb, ¢ OZHOW CTOPOHBI,
yZieNnseT MPUCTAIbHOE BHUMAHME PAcCMOTPEHHIO PO (peppolieHa B Mpoleccax
paVMKaIbHOW MONMMEpU3alMy BUHWIOBHIX MoOHOMepoB. [Ipu »TOoM aBTOpY
YAAJIOCh OXBAaTUTh JIMTEpaTypy IO JaHHON TeMaTHKe, BBILICANIYI0O B TEUeHHE
O0MBIIOro MHTEpBAJA IO BpeMeHH, HauvHasg ¢ 1950-x romos, T.e. cO BpeMeHU
OTKpsITUA (eppolleHa, A0 Hammx AHed. C Ipyroil CTOpOHBI, aBTOp NPUBOIUT
IaHHBIE 00 ONTHYEeCKMX CBOMCTBax (eppolieHa, B YaCTHOCTH, CBEXKHE JIaHHbIE II0
HEJIMHEHO-ONTHYECKNUM  XapaKTepucTukam  (depporena. OtMmedvaercs, 4YTO
HeNMHetHoe TIOTJIOIeHHe B CHUCTEMax, colepXkaliux QeppoleH, CTaHOBUTCS
3aMeTHBIM NPU BBHICOKON ero KOHIIEHTpallu¥ B HHEPTHOM MpO3padyHoO Cpene — He
menee 0,2 — 0,3 MoJiB/m.

JluccepranToM  TakkKe OOCTOSATENBHO  IPOAHATU3UPOBAHO  OONbLIOE
KOJIMYECTBO HAYYHOH W TEXHUUYECKOU JTUTEPATypHl, B KOTOPOIl OMMHUCaHBl CIIOCOOBI
MOJTy4YeHHs U ONTUYEeCKHe CBOMCTBA MOJIUMEPHBIX HAHOKOMIIO3HTOB, COJIEPIKALIUX
HY OmaropomHeIx  MeTauioB, OOJbIIass 4acTh  KOTOPBIX  IIOCBAIIEHA
dopmupoBanuto HY  30omora myTeM — (OTOXHMHMYECKHX  INpPEBpalCHUM
30JI0TOXJIOPUCTOBOZOPOIHON KHUCIOThL. M3BeCTHBI CIIOCOOBI MOIyYEHHs 30JI0THIX
HY B XMIKMX CHCTEMaX M B TOHKUX TMOJMMEPHBIX IUICHKaX MOJ IEHCTBHEM

nazeproro YO wuznydenus. CBeeHUs O NMPUMEHEHHMH IPYTHMX COCIUHEHHM I



pelieHuss MONOOHBIX 3a7ad KpaifHe MAOYUCIEHHBI M OTHOCATCS K HU3KUM
KOHILIEHTpalMsIM UX B PEeaKI[MOHHOH CHCTEME.

IMompoOHEBIi aHamu3 nUTEpaTypHHIX HaHHBIX To3BodMWI H.A. Arapepoii
BBIJCJIUTh CBOIO HUIIY Ul MCCIENOBAHKA, 4 UMEHHO, CQOPMHpPOBATh IIOAXOIBI K
CHHTe3y OOBEMHBIX (OTOUYBCTBUTENBHBIX KOMIIO3UTOB Ha OcHOoBe IIMMA,
HACBIIIEHHOTO (eppOLICHOM, CIIOCOOHBIX K J1a3epHOMY MHUKPOCTPYKTYPHUPOBAHHIO,
a Taxxke cucreM Ha ocHoBe [IMMA U coeluHeHUll TpeXBaJEHTHOIO 30JI0Ta IS
dopmupoBaHMs (OTOMHIYLHPOBAHHBIX HAHOKOMITO3HUTOB, cojepxamux HY
3o510Ta. O630p NUTEpaTypHl 3aHUMAET 24 CTPaHHUIIBI U 3aBepIIaeTCs 3aKIIOUYECHUEM,
B KOTOPOM aBTOp JIOTHYECKH 0000IIaeT MpeACTaBICHHBIE CBEACHHUS B KOHTEKCTE
IIOCTABJICHHOMN LIETY JUCCEPTAMOHHOIO UCCIIeIOBaHMS.

I'maBa 2 — JKcnepuMeHTANbHASA YaCTh CONEPXKUT NETABHOE OIHMCaHUE
HCIIOIb30BaHHBIX B paboTe peareHToB, CHOCOOOB OYHUCTKH BEIIECTB H MTOJTOTOBKH
MaTepUaJioOB [J HCCIEeNOBaHUN, METONUK in Situ TONy4YeHUus OOBEMHBIX H
IUICHOYHBIX KOMIO3MTOB Ha ocHoBe IIMMA, cozepxamiero BBICOKUE
KOHLIEHTpaIu ¢eppolieHa unu coepuHeHuit 3onota (III), MeTonsl uccnenoBanus
MOJIEKYJIIPHO—MAaCCOBBIX XapaKTePUCTHK %4 ONTHYECKHX CBOWCTB
CUHTE3UPOBAaHHBIX  TOJHMEPHBIX KOMIIO3UTOB. Cnegyer OTMETUTh, YTO
DKCIIEPUMEHTANIbHAs YacTh HamucaHa yOeIUTeNnbHO U OTBEYAaeT OCHOBHOMY
TpeGOBaHUIO K OIMUCAHUIO SKCIIEPUMEHTOB — BO3MOKHOCTH UX BOCIIPOU3BECHMU.

OcHOBHbIE pe3yNbTaThl paboThl MpPEACTaBIeHbl B m1ase 3 — Pe3yabTaThl H
HX oOcyxjaeHue. B mepBoM paszene aBTOp yZAesiseT 3HA4YMTEIbHOE BHUMAaHHE
MOJMyYeHHIO  MPO3PAYHBIX  KOMIIO3UTOB,  CTPYKTYPHUPOBaHHE  KOTOpPBIX
oCyIecTBiseTcs myTeM (OKYyCHPOBKH JIa3epHOTO M3Iy4eHHs B Mallylo o0nacTsh
BEIIECTBA, PAcOJ0XEHHYIO B 00beMe, UTO CBSI3aHO C PEIIEHUEM BaXXHOM 331a4H —
IOy Y€HHEM KOHIIEHTPHPOBAHHBIX TBEPABIX PaCTBOPOB HENUHEHHBIX XpOMO(DOPOB
B IOJUMepHOW Marpuie. i peanu3aluM J1a3€pHOrO0 MHUKPOCTPYKTYpPHPOBaHHS
yTeM JABYX(OTOHHOTO TNOTJOIIEHUSI TpebyeTcs BBEACHHE B IPO3PAuYHYIO
TIOJIMMEPHYI0O MATpHILy BBICOKHX KOHIIEHTpallUii HEeNMHEeHHBIX XpoModopos. B
5TOM KadyecTBe B pabGoTe wucmonb3oBaH (eppoueH. HecMorps Ha Xopolyio

pactBopuMOCcTs (eppouena B MMA, k Hadamy paboThl COMCKarens Han



TIOCTaBJICHHOM 3aJlayedl B Hay4HOU JUTepaType MMENNCh CBEIEHHS, OTHOCAIINECS
K BIHSAHMIO JIMIIb MaiblX KOHUEHTpauuil ¢eppoueHa B MMA Ha paaukanbHYIO
IOJIMMEPH3aLHIO B Macce. B0 M3BECTHO, UTO (eppolieH B KoHIeHTpamun 107 —
10 Mons/n He BIMsSET Ha CKOpPOCTh MOJIMMEPH3AalUU B ClIydae HCIOJb30BaHHUS
Q30MHMIIMATOPA M YCKOpPSET IOJMMEpHU3alMIo, IPOBOAMUMYIO IIPH IIOMOIIM
IEPEKUCHOI'0 HWHHUIMATOpa. ABTOp AMCCEpTallMH [ETAIBHO HCCenyeT poJb
IpHPOABI PaIUKAILHOIO MHUIIMATOpa NpH noiuMmepusanud MMA B npucyTCTBHA
BBICOKMX KOHICHTpaIuil ¢eppolieHa U BBIABISET 3aKOHOMEPHOCTH, KapAUHAIEHO
OTJIHYAIOIIUECST OT TOrO, YTO MMEeT MECTO IpPH HU3KUX KOHLEHTpALUAX ero B
MOHOMepe. Tak, mNpH HCHONB30BaHMH IIEPEKHUCHOTO HHUIMATOpa (eppolleH
UHTUOHpYyeT NOMUMEpHU3alnio. B To jxe BpeMs a30MHUIHMATOP MO3BOJIII IIPOBECTH
CHHTE3 MoJIuMepa A0 ITyOOoKoi KOHBEpCHUHU IPU HACHIIIEHWH PEaKIIMOHHOW CMECH
¢beppoLieHOM U OCYIIECTBUTH Ja3epHoe MHUKPOCTPYKTYypPUPOBaHKE
CHUHTE3UPOBAaHHBIX KOMIIO3UTOB. J[03a na3epHOro u3imy4deHus B Ommkaiimem WK
JIrarna3oHe, JOCTaTO4YHAA JUis ~ OCYIIECTBIICHUSA J1a3epHOro
MHUKPOCTPYKTYPHUPOBaHUS IIOJIMMepa, HACHIEHHOTO (eppolleHOM, OKa3aiach
Oomee yeM Ha TOpAMOK Hie mno cpaBHeHHIO ¢ IIMMA, He coaepxamuM
depporieH. M3 MONYyYEHHBIX OKCIEPHMEHTAIBHBIX [JaHHBIX aBTOp [Jejaer
JOrMYHBI BBIBOJ O TOM, 4YTO HachlmleHne Marpuubl [IMMA ¢eppoieHOM
TI03BOJIET OCYIECTBUTD JIa3€pHOE MHUKPOCTPYKTYpHpOBaHHE B oObeMe oOpasia,
Onmaromaps JABYX(GOTOHHOMY OINTHYECKOMY MOITIOLIEHUI0 B KOMIIO3HTaX C
BBICOKUM cofiepkaHueM ¢eppolieHa.

Bo BropoM pasgene omnucad cuHTe3 IIMMA B IpHCYyTCTBHH
30JIOTOXJIOPUCTOBOJOPOAHON KHCHOTBI M OITHYECKHE CBOMCTBA ITOJIYyYEHHBIX
KOMIIO3UTOB. IlyTeM TIIaTeIbHOrO MCCIEOBaHHUs IPOLIECCOB B3aMMOLECHCTBUSA
HAuCl;, ¢ MMA ¥ pagukaJpbHBIMH HHHUIMATOpaMH HaHAEHBI YyCIOBHA,
obecneunBaromue nonydeHue odbpasuoB IIMMA, coxepxaiux 1x10™ Moms/n
HAuCl,. Opnako 3TOM KOHIEHTPAllMH MeTalyioo0pasyIolero COeqHHEHHA
HeJIOCTaTOYHO I popMupoBanus koMno3uToB ¢ HU 30510Ta, mepCeKTUBHBIX AL

NPUMCHCHUS B OIITHYCCKUX yCTpOﬁCTBaX.



Tperuil pasznen NOCBAIIEH CHHTE3Y KOMIIO3MTOB Ha ocHoe [IMMA u
teTpaxnaopaypara (1II) N-neTunnupuivHis | UCCiIeZ0BAaHUIO ONTHYECKUX CBOWCTB
¥ GOTOXUMHYECKUX TPEBpallleHHH B MOJYYeHHBIX CHCTEMAaX. Y CTaHOBJIEHO, YTO
3aMeHa KaTHOHa BOJOPOIa B 30J0TOXJIOPHCTOBOJIOPOIHOM KHCIOTE Ha OOBEMHBIIA
OpraHMYEeCKUH KaTHOH NPUBOAWT K 3aMeJJIEHHIO €ero BOCCTAHOBJIEHHS
CBOOONHBIMM  pajuKalaMM Y  [PaKTHYeCKH K  TOJHOMY  OTCYTCTBHIO
BOCCTAHOBJIGHHS €r0 MOHOMEpDAaMH, WYTO CBHIETEIBCTBYET 00 OYEBHIHOM
IPEUMYIIECTBE COENUHEHUS, CHHTE3MPOBAHHOIO OWCCEPTaHTOM, nepen
3010TOXTOPUCTOBOAOPOAHONH  KHCIIOTOH B cllydae CHHTe€3a KOMIIO3UTOB,
coIepXalliX COeQMHEeHHe  30J0Ta, CIocoOHOe K V(l)OTOXI/IMI/I‘{eCKOMy
BOCCTaHOBJICHHIO, CITOCOO0OM paluKaIbHOW MoJuMepHU3allii B Macce. [lanee aBTop
IeTalpbHO MCCleIyeT BIHSHUE NPUPONbl pPaJAMKAIBHOIO HHHIMATOpa K
TeMIIEpaTyphl Ipoliecca CUHTe3a Ha NOTy4YeHe KOMIIO3UTa, U yCTaHABIUBAET, YTO
IpUMeHeHNe HU3KOTEMIIEpaTypHOIO0 paJWKalbHOIO HHHUIKATOpa Ml CUHTE3a
xomrio3uToB Ha ocHOBe IIMMA 1 Au-P16 no3soinser npoBecTH NOIUMEPU3ALHIO
0e3 pasnoxeHHWs MeTajuiooOpasylomiero coemuHeHus. Takum  oOpasom,
WCIIOIb30BaHKe KOMMO3UTOB Ha ocHoBe I[IMMA u Au-P16 obecnedrBaer
doTtoungyuupoBannoe GopmupoBanre HY 3omota B o6beMe nox nekicteuem YO
U3Ty4YeHHUS. |

IIpenctaBieHHblE aBTOPOM pe3yJbTAaThl HE BBI3BIBAIOT COMHEHHM B HX
nocroBepHocTH. C TOUKH 3peHUs] HHCTpyMeHTalbHOro obecneyenus: pabora H.A.
ArapeBoii oTBeyaer COBpeMeHHLIM TpeboBaHUsAM. Pe3ynpTaThl paboThl 0000ILEHEI
B IIECTH BbIBOJAX, KOTOPhIE a[IeKBaTHO OTPAXKatOT CYyTh OCHOBHBIX PE3YyJIbTaTOB.

Pesynbratel guccepranuonHod pab6otel H.A. ArapeBodl MOTEHIHAIBHO
MOTyT OBITh  PEKOMEHIOBAaHbl  PA3NIMYHBIM  HAyYHO-HCCIENOBAaTETIbCKUM
WHCTATYyTaM ¥ TPENNPHATHSM, 32HMMAIOLIMMCS Ppa3paboTKOH  IONHMEpPHBIX
MaTEpUAIOB ONTHMYECKOTO0 HAa3HAYeHHS W M3TOTOBJIEHMEM H3NeMd 3 HuX. B
KayecTBe mpuMepa cienyeT ynomsayts OAO «JI3epXKUHCKOE  OPICTEKION
(«I0C»), rme BHIIyCKaeTCs WIMPOKHH acCCOPTUMEHT TOBAPHOW NPOMYKIWH,
COOTBETCTBYIOIIEH MHPOBOMY YPOBHIO KadecTBa: 6I0YHOE (JIMTOE) OpraHM4ecKoe

CTEK/I0 aBHALIAOHHOE M KOHCTpyKumoHHoe Mmapok CO-95, CO-120, AO-120 u



texuudeckoe Mapok TOCIIL, TOCH, TOCII-Y, TOCII-H; »KcTpy3HOHHOE
OpraHH4YeCKOe CTEKIIO Mapk¥ Acryma; IpaHyJIMpPOBaHHBIA MaTephal Mapok
Haxpun (51, 61, 71, 81); cycnensuonnsiit 6ucep mapku JICOM. Paspaborka
HOBEIX MapoK OpraHHYeCKHX CTeKol Ha ocHoBe MMA Hapsagy ¢ ux
MaJIOTOHHAXXHBIM ITPOM3BOACTBOM ocyuiecTBigeTcs B OI'VII «HUU Ilonumepos»
(dzepxxunck Hmwxeropoxnckoit 0011.).

B nenom, gucceprannonnas pabora H.A. ArapeBoii «®0OTOUYyBCTBUTENLHEIE
KOMIIO3MTHI Ha OCHOBE ITOJIMMETUIMETAKpUiIaTa U COEIMHECHMI JKele3a U 30JI0Tay
SBIIETCS  HAy4YHO-KBAIM(HUKAIMOHHONW  paboToii B obnacTH  XuMHH
BBICOKOMOJIEKYJIIPHBIX ~ COEOWHEHHH €  MPOTHO3UPYEMBIM  ITOTEHIIHAIOM
IPaKTHYECKOTO MPpUMEHEHHs. JluccepTalus HaucaHa COBPEMEHHBIM, IPaMOTHBIM
HAayYHBIM S3BIKOM, MPAKTUYECKU HE CONEPKHUT TIpPaMMAaTHUYECKUX OWMIMOOK W
OMe4YaTOK. JTO CBUACTENLCTBYET O BBICOKOM Hay4yHOM KYyJIbType KaK CaMoro
COMCKaTes, TaK M HAYYHOTO KOJUIEKTHBA, B KOTOpOM ObLiIa BEIIOJHEHA paboTa.

Cnucox TpyaoB aBTOpa, NpeINCTaBICHHBIH B aBTOopedepare, BKIOyaeT 4
CTaThH B pELIEH3UPYEMBIX Hay4YHBIX XypHaliax, | nmareHT Poccuiickon Mexneparuy,
U Te3UCHl 8§ POCCHHCKMX M MEXIyHApoXHBIX KoHdepeHumit. Bee myOnukanuy,
BKJIIOUEHHBIE B CIIMCOK JIUTEPATYpPHI, IPUBEICHHEIN B aBTopedepare, Kak U caM
aBTOpedepar, aleKBaTHO OTPAXKAIOT COAEPKaHHE AUCCEPTALUH.

HecMmotps Ha o0LIyl0 BBICOKYIO OLeHKY aucceprauuud H.A. Arapesoil mipu
YTeHUH pabOThl BO3HUKAET PsiJl BOIIPOCOB U 3aMEYaHUH.

1. B nureparypHoMm o63ope (Ha crpanumax 25, 27, 28, 31 — 33) asrop
yaenseT CyIIecTBEeHHOe BHHUMaHHE BOIpOCaM  IIOJYy4YEHHs nonnMepHHx
HaHOKOMII03uMTOB ¢ HU pa3iu4HBIX METAUIOB, B YaCTHOCTH, cepebpa U menu. s
CO3JaHHd KOHTPACTHBIX H300pa)keHW#, YTO COCTaBIsSeT OCHOBY IIPAaKTHYECKOM
3HaYMMOCTH [UCCEPTALIMOHHOM paboThl, NpHMEHEeHHe KOJUIOMAHOro cepebpa
XOpomo u3BecTHO. OIHAKO ITIPEICTaBieHHbIE BO BTOPOM M TPEThEM pasieinax
raBel 3 pe3yabTaThl OoTHOCATCH TonbkO K HY 3omota. Bo3aMoxHa i 3aMeHa
30710Ta B Balyx cucreMax Ha JApyroi Metaiul, B 4aCTHOCTH, Ha cepebpo?

2. Cpenu coeguHEHHI 30710Ta, KOTOPHIE aBTOP MUCIONB3YET sl JOCTHXECHU

[IOCTAaBJIECHHON 1IeIH, B JUCCEPTAIMOHHON paboTe (QUIypHpYIOT BCErO JMUIb JBa



BEILIECTBA — 30JIOTOXJIOPUCTOBOJNOPOAHAs KHcoTa U Tetpaxiopaypat (III) N-
HEeTUIHPHANHUA. YeM 00ycloBIIeH CTONMb Y3KUH KPYr 0O0BEKTOB HCCIEIOBAHMUN?
IloyeMy He paccmaTpuBaeTcs IIpUMEHEHHE [pyrMX COCJUHEHHM 30JI0Ta,
HaIllpUMEP, KOMIUIEKCOB OJHOBAJIEHTHOIO 30J10Ta ¢ (GOCHUHOBHIMU JTMTaHIaMM?
Takue xoMmIeKcsl He HODKHBI BCTyNaTh B MOOOYHBIE peakUHMH C PaguKaIbHBIMH
VHUIIMATOPaAMH.

3. OdeBugHO, YTO HapsAAy C BBIJEICHUEM 30JI0Ta TNpPU Pa3IOKEHHS
COCIUHEHHH, coZiepKalliuX TeTpaxJjiopaypaT-aHUOH, o0pa3yeTcs XJIop, a B clydae
30JI0TOXJIOPHCTOBOAOPOAHOMN KHUCIIOTHI TalOKe U XJOPUCTHIY Bofopoa. OcraeTcs He
BIIOJIHE SICHOM «CyAb0a» 3TUX ra3o00pa3HbIX NPOIYKTOB.

4, B rTtabmune 4 Ha crpaHunie 89 npencraBleHbl NpeBpallieHU
MonekynapHeix Macc IIMMA, npoucxomdiuue mnpu Y o0myyeHUH M
TepMHYecKOi 00paboTke 006pas3IoB HcciaexyeMoro kommosura. 1Ipu sToM aBTOp
TIOSICHSIET, YTO CHIDKEHHUE MOJIEKYIIPHON Macchl nocne Y@ JiazepHOro obiyueHus
TIPOMCXOINUT B pe3ylibTaTe (POTOXUMHUECKON INeCTPyKLUU NONMMEPHBIX Ierei.
OpHako nNpUYMHY BO3pacTaHUSA MOJCKYJIAPHOM Macchl IIPH TEPMUYECKOH
00paboTKe 00ydeHHOTO 00pasiia, Kak U TOT (PaKT, 4To TepMﬁquKaﬂ obpaboTka
HEOOJIy4eHHOTO TOJIMMEpPa HE BBI3BIBAECT M3MEHEHHs er0 MONEKYISPHON MAcCH,

aBTOp AUCCEepTAllHH HE KOMMCHTHUPYCET.

HecmoTps Ha BBICKa3aHHBIE 3aMedaHus, nuccepranus H.A. Arapesoi
«®DOTOUYBCTBUTENbHBIE KOMIIO3UTHl HAa OCHOBE TIOJIMMETHIMETaKpUiara H
COEIMHEHMIM JKelle3a ¥ 30JI0Ta», MPeACTaBIeHHas K 3allUTe Ha COUCKaHHUE YUE€HOH
CTEINIEHU KaHIUJaTa XMMHYECKHX Hayk 1o creransHocTty 02.00.06, npencrasisier
co0Oif 3aKOHYeHHOe Hay4yHoe uccienoBanue. Jlycceprauus yIOBIETBOPSET
TpeOOBaHUM, IpeabABIAEMbBIM K KaHIWAaTCKUM | IYCCEPTaLIUsM,
chopmynupoBaHHEIM B «[lomokeHHMM O MOpAIKe NPUCYXKICHUSA YUCHBIX
cTeneHel», yTeepxkaeHHsIM [ToctanoBneHneM [IpaBurensctBa PO Ne 842 ot 24
centabps 2013 r. (myHKT 9-14), a ee aBTOpP 3acIy>XMBAaeT IPHUCYKICHUS yYEHOH
CTelleHH KaHAMAaTa XHMHUYECKMX Hayk mno croeuuansHoctd 02.00.06 -

BBICOKOMOHCKyJ'[prHBIC COCINHCHHUA.



Hoxman H.A. ArapeBoif o marepuanam IucCepTanuy ObUI 3aciyliaH U
00CyxieH Ha ceMuHape MHCTUTYTa MeTaIoOpraHiyeckoi xumun 26 urons 2014
roja. [Iporoxon Ne 7.

OT3pIB Benylllell OpraHu3allii YTBEp)KIECH Ha 3acellaHHH y4YeHOTO COBeTa

MMX PAH. I'lpotokon Ne 10 ot 9.09.2014 rona.
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