
0T3BIB 
ocJrauHajiBHoro onnoHeHTa o AHCcepTannn HaHHr M H H TyHa 

«Cop6HH« HHpKOHHa H acejiesa OKcnzjaMH rpa^eHa H nonyneHHe rpa(|)eHOBbrx 
o6ojiOHeK fljia 3JieKTpocop6HHH», npe^CTaBJieHHOH Ha concKaHHe yneHofi 

CTeneHH KaHZHWara XHMHHCCKHX HayK no cnennajibHOCTH 0 5 . 1 7 . 0 2 -
TexHOJiorna pe^KHx, pacceaHHBix H pa^HoaKTHBHBix ajieMenroB 

OTKpBiTHe rpa^eHOB POCCHHCKHMH yqeHbiMH A . K . TeHMOM H K . C . 
HoBOcejiOBBiM, KOTopbie B 2 0 1 0 r. 6BIJIH y^ocToeHBi Ho6ejieBCKOH npeMHH, 
npoSyflHJio HHTepec K 3THM BemecTBaM c HeoSbiHHbiMH CBoftcTBaMH H 
nocjiyacHjio TOJIHKOM K 6ojibuioMy HHCJiy pa3Hoo6pa3Hbix Hccjie^oBaHHH H 
pa3pa6oTOK. 

O^HHM H3 MHOrHX HanpaBJieHHH TaKHX HCCJie^OBaHHH flBJiaeTCH 
HOHOo6MeHHaa copSnna H 9JieKTpocop6nHH. 06jia^aH GOJIBIIIOH y/jejibHOH 
noBepxHOCTbio H cnoco6HOCTbK> npncoe^HHOTb pa3Hoo6pa3Hbie 
(ĵ yHKnHOHajibHbie rpynnbi, rpa^eHbi B Bnzje nx npoH3BO^HBix - TaK 
Ha3bmaeMbix OKCH^OB rpa^eHa (rpa(J)eHOB c pa3JiHHHbiMH KHCJiopo/jHbiMH 
(ĵ yHKnHOHajibHbiMH rpynnaMn) - o6jiauaiOT HCKJironnTejibHO BBICOKOH 
COP6HHOHHOH eMKOCTbro, npeBOCxo,znnii;eH noKa3aTejiH O6BIHHBIX 
HOH006MeHHBIX COp6eHTOB. B TO 5Ke BpeMa CpaBHHTeJIBHO BBICOKaa 
3jieKTponpoBOflHOCTB caMHx rpa<J)eHOB no3BOJiaeT HcnojiL30BaTB HX B TaKOB 
HOBOH o6jiacTH, KaK 3JieKTpocop6nHa - 6e3peareHTHOM nponecce H3BJieHeHHa H 
KOHHeHTpHpOBaHHa HOHOB. 

HccjieflOBaHHK) STHX flByx HOBBIX HanpaBJieHHH B ra^poMeTajuiyprHH 
pe^KHx MeTajuioB, H3yqeHHK) noBeiieHHJi H CBOHCTB rpa<J)eHa H OKCHJIOB 
r p a ^ e H a ( O r ) nocBameHa paccMarpHBaeMaa flHccepTanna HaHHr M H H TyHa. 

Sa^ann CBoeii pa6oTbi flHecepTawr c(J)opMyjiHpoBaji cjie^yioinnM o6pa30M: 
H3yHHTb BJIHHHHe BeJIHHHHbl pH Ha «paCTBOpHMOCTb» (cnOCoSHOCTb 
o6pa30BbiBaTb yeroHHHBBie BO^Hbie ijHcnepcHH) OKCH^OB rpa^eHa; 
HCCJie,a,OBaT& B3aHM0,z];eHCTBHe OKCHHOB rpa4»eHa c BO^HBIMH pacTBOpaMH 
rH^poKCHXjiopH^a HHpKOHHa H cojien »cejie3a; nojiyHHTb MamHTHbie cop6eHTbi 
Ha ocHOBe OKCH^OB rpa(J)eHa, HTO no3BOJiaeT ynpocTHTB pa3^ejieHHe TBepfloft H 
HCHZJKOH <j)a3 npn COP6HHH; pa3pa6oTaTb HOBbie MeTo^bi nojiyneHHa rpa^eHOB c 
Hcnojib30BaHHeM nnpojiH3a MeTaHa Ha OKcnzjax HeKOTopbix pe,n,KHx MeTajuioB H 
npoBecra Ha STHX rpa^eHax 9JieKTpocop6HHK> H3 pacTBopoB rHupoKCHXJiopHzja 
nnpKOHHa. 



Oco6o B&iflejiaeTCfl 3 a ^ a n a nojiyHeHKfl MCTO^OM r m p o j i i o a MeTaHa Ha 
nacTHqax Si02 nojibix yrjiepo/jHbix c(j)ep H HcnbiTaHHe HX jxm 3JieKTpocop6u,HH 
H3 MO^ejibHbix pacTBOpOB NaCl. 

CHHTC3 rpa(J)eHa HOBBIM cnocoSoM - nHpojiH30M MeTaHa Ha OKcnzjax 
MeTajuioB, HcnBiTaHHe noj ryneHHoro TaKHM n y r e M rpa(J)eHa B KanecTBe 
3JieKTpocop6eHTa, BnepBBie npoBe^eHHoe H3MepeHHe paBHOBecHOH 
«paCTBOpHMOCTH» OKCHHOB rpa(|)eHa B 3aBHCHMOCTH OT KHCJIOTHOCTH BO^HBIX 
pacTBopoB, ^eTajibHoe nccj ie^oBaHHe HOHOOGMCHHOH copSni iH Ha OKcnzjax 
rpa(J)eHa CBH/jeTejiBCTByiOT o HOBH JHC H aicryajibHOCTH npoBe^eHHBix 
Hccjie^,OBaHHH, a jj,ocTH»ceHHe Heo6BiHHO BBICOKHX 3HaneHHH eMKOcra n p n 
copSnHH HHpKOHHH H »cejie3a Ha OKcnuax r p a ^ e H a , B03MO>KHOCTb C03^aHHH 
MarHHTHbix copSeHTOB JXJIH ynpomeHHfl pa3/iejieHHH TBep^oK H 5KH,ZJKOH (J>a3 - o 
nepcneKTHBHOCTH ,zura npaKTHKH aajiBHeniuHx pa3pa6oTOK B STOM HanpaBJieHHH 
H HX nOTeHHHaJIbHOH npaKTHHeCKOH 3HaHHMOCTH. 

B o63ope JiHTepaTypbi (rjiaBa 1 ) paccMOTpeHbi TaKHe BonpocBi, KaK 
CTpoeHHe, cocTaB, noBe^eHHe B BO^HBIX pacTBOpax OKCHHOB r p a ^ e H a , 
HOHooSMeHHaii cop6nH5i Ha OKCH^ax rpa(j)eHa. OrnejibHO paccMOTpeHbi 
CBoiicTBa rHflpoKCHXJiopH^a HnpKOHHa, a Taioice OCO6CHHOCTH 3JieKTpocop6HHH 
rpa(j)HTOBbiMH H rpacjseHOBBiMH sjieKTpo^aMH. B 3aKJiK3HeHHH K o63opy 
JiHTepaTypbi c^ejiaH a K n e m Ha npHMeHeHHH oKcnzja rpa(J)eHa JIJIH cop6nHH H 
r p a ^ e H a fljia 3JieKTpocop6HHH H3 BOJTHBIX pacTBopoB. 

0 6 3 o p ^ajieKO He Hcnepn&iBaeT oneHB 6oj ibHioro HHCjia nySjiHKanHH n o 
Ha3BaHHbIM TeMaM (TBICflHH CTaTefi), OflHaKO OTpa»CaeT OCHOBHbie ,U,OCTH5KeHHfl 
B onpe^ej ieHHbix o6jiacT«x n opneHTHpyeT Ha HanpaBJieHHH co6cTBeHH&ix 
Hccjiej^oBaHHH ^HecepTaHTa. 

TjiaBa 2 co,a,ep5KHT o n H c a m i e MCTOJIOB SKcnepHMeHTOB, H3MepeHHH H 
aHajiH30B. OnncaHbi , B HacraocTH, HcnojiB30BaHHbie B paSoTe c n o c o o b i 
noj iyneHHa rpa^eHOB H OKCHHOB r p a ^ e H a , a Taioice TOHKOJi,HcnepcHBix OKCHHOB 
MeTajuioB, cjiyacHBHiHX MaTpHHaMH fljia noj iyneHHa rpa^eHOB&ix oSojioneK H3 
MeTaHa. M O K H O OTMCTHTB n inpoTy no f lxo^a K CHHTe3y r p a ^ e H a nHpojiH30M, 
XOTH ^a j i exo He Bee n o j i y n e m i b i e TaKHM o6pa30M o6pa3nBi 6&IJIH ncnojiB30BaHBi 
RJIX ^ajIBHeHHIHX pa3pa60TOK. ABTOp HIHpOKO npHMeHHJI MHKpOBOJIHOBOe 
OKHcneHHe rpa^eHOB. Hcnojib30BaHHbie MeTo^bi aHajiH3a MCOKHO CHHTan. 
Ha#e>KHbiMH H jj;ocTaTOHHbiMH ^JIH xapaKTepHCTHKH narcyHaeMbix o6pa3noB. 



B rjiaBe 3 JOJioaceHti pe3yji&TaTBi Hccjiejj;oBaHHa BJHWHHH BCJIHHHHBI 
KHCJIOTHOCTH BOflHBIX paCTBOpOB Ha flHCneprnpyeMOCTB («paCTBOpHMOCTB») 
OKCH^OB rpa(j)eHa. BnepBBie KOJiHHecTBeHHO noKa3aHO, HTO yBejmHeHHe pH B 
3Hana30He OT 2 #0 7 npHBo^HT K p o e r y KOHneHTpaHHH OKCHZJOB rpa(J)eHa B 
pacTBope, npHHext npe^ejiBHbie KOHHeHTpaHHH 3aBHC«T OT c reneHH OKHCJieHHa 
OKCH^OB rpao^eHa. OTMeneHO OTJinnne noBezjeHHii OKHCJieHHBix rpa^eHOB OT 
noBe^eHHa OKHCJieHHBix yrjiepojj,HBix HaHOipy6oK H npe^jioaceHO o6bflCHeHHe 
HaSjiro/iaeMoro aBJieHiw. 

CjiejiyeT OTMCTHTB, HTO aBTop He o 6 p a r a n BHHMaHHe Ha KOJie6aHHa 
«paCTBOpHMOCTH» B oSjiaCTH BBICOKHX 3HaHeHHH pH. 

TjiaBa 4 co^ep^cHT pe3yjiBTaTti H3yneHH5i HOHOO6MCHHOH cop6nHH 
rHflpoKCHxnopH/ia HHpKOHHfl Ha OKCH^ax r p a ^ e H a , a Taosce He CBH3aHHbie c 
OCHOBHBIM co^epacaHHeM ^HCcepTaHHH aaHHbie n o noBefleHHK) BOJTHBIX 
pacTBopoB rH^poKCHXJiopH^a nnpKOHHa. BnepBBie ycTaHOBJieHO, HTO n p n 
onpe,nejieHHBix cooTHOineHHax peareHTOB paBHOBecHaa CMKOCTB MOKCT 
flOCTHraTB Heo6BIHHO BBICOKHX BeJIHHHH, HTO o6B5ICHeHO OC06eHHOCT3MH 
CTpoeHHH HO HOB nHDKOHHJI H HX B3aHMO,ZjeHCTBHS C OKCHflaMH r p a ^ e H a . 
npeji ,nojioaceHa BO3MO>KHOCTB noj iyneHHa KOMHO3HTOB flHOKCHJi;a HHPKOHHJI C 
rpacjjeHOM, oijHaKO B paSoTe OHa He GBijia pea jnooBaHa . 

Oco6eHHOCTH noBe^eHHa pacTBopoB rn^poKcnxj iopHJia HHOKOHHA n p n 
BbiJiep>KHBaHHH /ijiHTeji&Hoe Bpeivw 6BIJIH H3yneHBi eme B 1 9 5 0 - e - 1 9 6 0 - e 
ro,a,bi, B flHccepTaHHH OHH JIHUIB HCCKOJIBKO yroHHeHBi. 

CHHTe3y H npHMeHeHHK) B pa3JIHHHBIX 06jiaCTHX HayKH H TeXHHKH 
cop6eHTOB c MarHHTHtiMH CBOHCTBaMH Ha ocHOBe y r j i e p o ^ H b i x MaTepnajiOB 
nocBameHbi COTHH cTaTeii. B rjiaBe 5 j^HccepTannn aBTop H36pan CBOH nyTb 
noj iyneHHa TaKHx cop6eHTOB Ha ocHOBe MamHTHBix H cynepnapaMarHHTH&ix 
HaHonacTHn MaraeTHTa H OKcnzja r p a ^ e H a . HanzjeHRi ycjiOBHa ^ocTH^ceHHa 
BbicoKHX eMKOCTefi n p H HOHOo6ivreHHOH cop6nHH cojiefi ^cej ie3a H noKa3aHa 
npHHUHnHajiBHaa BO3MO)KHOCTB co3/(aHHH MarHHTHoro c o p S e n r a . 

B rjiaBe 6 H3Jio^ceHBi pe3yjiBTaTbi HCCJie^oBaHHH 3K30TepMHHecKHX 
OKHCJIHTeJIBHO-BOCCTaHOBHTejIBHBIX peaKHHH («MOKpoe c»CHraHHe») ,zuia 
nojiyneHHa TOHKO^ncnepcHBix OKCH^OB HHpKOHHa, HTTPHH H ajnoMHHiw c 
HH3KHMH 3HaHeHH8MH HaCBinHOH nJIOTHOCTH, a TaiQKe Ĵ OBOJIBHO HIHpOKOrO 
HccjieflOBaHHa nHpojiH3a MeTaHa Ha oKCHJiax n p n 7 0 0 - 8 0 0 °C. rioKa3aHO, HTO 
CKOPOCTB yBejiHneHHH TOJHHHHBI y r a e p o / j H o r o cj ioa Ha OKcnuax yMeHBHiaeTca 
BO BpeMeHH, a SJieRTponpOBOflHOCTB HeTBipeX 06pa3H0B OKCH.HOB, nOKpBITBIX 



o6ojioHKaMH, jioBOJiBHO BejiHKa H p a c r e T c noBbiineHHeM flaBjieHHfl. MeTO,n 
no3BOJiaeT nojryaaTB sjieKTponpoBOflHBie MaTepnajiBi ^JIH npOBe^eHiM 
3neKTpocop6n,HH. KpoMe Toro , B a n y a a e OKCH,na M a r a n a OH no3BOJiaeT 
noj iyaaTB y r j i epo^Hoe noKpBiTHe c SOJIBHIOH y^ejiBHOH noBepxHOCTBK). 

HHTepeCHBI HeKOTOpBie 3JieKTpOHHBie MHKpOCHHMKH HCnOJIB30BaHHBIX 
OKCHflOB, HanpHMep JJ,HOKCHJia THTaHa, HaCTHHBI KOTOpOrO COCTOaT H3 
COeflHHeHHBIX MHKpOTpy60K. 

Pa3BHTHe pa6oT no nHpojiH3y MeTaHa Ha OKcnuax onncaHO B raaBe 7 Ha 
npHMepe c ^ e p n n e c K H x H a c r n n S i0 2 . PacTBopeHHe OKCHZJHOH MaTpHnbi 
no3BOJiHjio nojiynaTB HaHoc^epnaecKHe rpatj)eHOBbie OSOJIOHKH ^HaMeTpoM 50 
- 70 HM C TOJIIHHHOH CTCHOK 6 - 8 HM, HH3KOH HaCBinHOH nJIOTHOCT&K) H 
BBICOKOH 3JieKTpOnpOBOflHOCTBK) flJia H3r0T0BJieHH3 3JieKTpOflOB H HCnBITaHHa 
3JieKTpocop6nHH NaCl. BejiHHHHa CMKOCTH OKa3ajiacB He6ojiBmoH H 
flocTHrana TO JI&KO 10-11 M r / r . 

B 3aKJIK3HHTeJIBHOH TJiaBe 3KCnepHMeHTajIBH0H aacTH ^HCCCpTaHHH 
BnepBBie onncaHa 3JieKTpocop6nHa nnpROHHa H3 BO^HBIX pacTBopoB 
rHflpOKCHXJIOpHiia HHpKOHHa H n0Ka3aH0, HTO eMKOCTB MO»ceT npeBBimaTB 50 
Mr Zr/r yrjiepojia. 

riojiyHeHHBie sKcnepHMeHTanbHBie ^aHHbie CBH#eTejiBCTByK>T 0 6 
060CH0BaHH0CTH H apiyMeHTHpOBaHHOCTH CJI,ejiaHH&IX aBTOpOM BBIBOflOB. 

/],HCcepTaHHOHHaa p a 6 o T a HMeeT onpe/jejieHHyio 3HaHHMOCTi> Jina HayKH 
H B nepcneKTHBe ^jia npaKnraecKoro npHMeHeHHa. H a y m a a 3HaaHM0CT& 
onpefle j iaeTca BnepBBie nojiyaeHH&iMH pe3yjiBTaTaMH HCCJie^OBaHHH 
noBe^eHHa OKCH^OB rpa(J>eHa B BO^HBIX pacTBopax npn H3MeHeHHH 
KHCJIOTHOCTH, npH HX B3aHMO^eHCTBHH C paCTBOpaMH rHIXpOKCHXJIOpHZja 
HHpKOHHa H cojiefi xe j i e3a , a TaK»ce noBe^eHHa rpa^eHOB npn 3JieKTpocop6nHH 
iijia 6e3peareHTHoro KOHneHTpHpoBaHHa HOHOB MeTajuioB. MaraHTHBie 
cop6eHTBi Ha ocHOBe OKCHJIOB rpa4>eHa MoryT HafiTH npHMeHeHHe B 
THflpOMeTajuiyprHHecKHx nponeccax. 

CoflepacaHHe ^HCcepTanHH HaHHr M H H TyHa cooTBeTCTByeT 
cnennajiBHOCTH 05.17.02 - TexHOJiorna pe^KHX, pacceaHHBix H pa^HoaKTHBHBix 
3JieMeHTOB. 

ABTope(f>epaT H3Jio»ceH Ha 16 cTpaHHnax H nojmocTBio OTpaacaeT 
cojj,epacaHHe jxHCcepTanHH, JIHHHBIH BKJia^ aBTopa, HOBH3Hy H 3HaaHMOCTB 
pa6oT&i. 

K p a 6 o T e HMeeTca paji, BonpocoB H 3aMeaaHHH, KOTOpBie, o^HaKO, He 
BJIHHIOT Ha o 6 m e e nojioacHTeji&Hoe 3aKJnoaeHHe. 



1. B 3KcnepHM6HTajit>H0H nacre roBopHTca 0 6 o6pa3u;ax Or-1 - OT-
16. O^HaKo ocraeTca HenoHATHo, B HGM npHHnHnHaji&Hoe pa3JiHHHe M e ^ y 
HHMH: 6&IJIH JIH HCnOJIB30BaHBI pa3JIHHHbie MeTO^tl CHHTe3a HJIH )Ke pa3JTHHHBIH 
HCTOHHHK rpacfMTa? TaioKe ocTaeTca HCJICHBIM, KaK SBIJIH nojryneHBi 3HaneHHa 
yĵ eji&HOH n j i o m a ^ H noBepxHOCTH (1003 M2/r; 1406 M2/r; 1660 M2/r H 1906 M2/r 
. . . ) , nocKOJiBKy onpe^e j ieHHe njionja^H O r aBJiaeTca HenpocToft 3a/jaHen BBHjry 
cjinnaHHH e r o cjioeB B n p o n e c c e cyniKH H H3MepeHHa. 

2. OcTaj iocb HenoHaTHoi! npHHHHa BBi6opa rHnpoKCHXJiopHua 
u,HpKOHHa B KanecTBe o6BeKTa HcaneixoBaHHH B flaHHofi pa6oTe. 

3. HenoHaTHa nejiB HcnojiB30BaHHa TepMHHa «pacTBopHMOCT&» 
npHMeHHTeji&HO K Or . H e aBJiaeTca JIH 3TO 3aMeHoii nororraji «o6pa30BaHHe 
ycTOHHHBOH KOJiJioH^HOH cycneH3HH»? TaioKe HenoHHTeH B&i6op ycnoBHa 
onpejj,ejieHM «pacTBopnMOCTH». B jj,HccepTau;HH HanncaHo, HTO «̂HcnepcHK> 
03ByHHBajiH c noMOHHJO po)KKOBoro .znicnepraTOpa Y 3 r 13-0.1/22 B TeneHHe 1 
MHH. H HeHTDH^yrHpoBajiH B TeneHHe 15 MHH. (ueHTpHcjjyra 3C-6, 1100 g, 
AHaMeTp poTOpa 37.5 CM). nojiyneHHyio ^HcnepCHK) OTJiejiajm OT oca^Ka H 
B3BeniHBajiH (cTp. 32)». noneMy HMCHHO TaKHe ycjioBHa 6BIJIH B&i6paHbi? 

4. KaK M05KHO 06BaCHHT& TOT (j)aKT, HTO «paCTBOpHMOCT&» OT 
yBejiHHHBaeTca npn noBBinieHHH pH? MOJKHO JIH onpenejiHTb, KJippejinpyeT 
JIH BejiHHHHa «pacTBopHMOCTH» c jneTa-noTeHHHanoM Or , xoTa 6BI Ha 
OCHOBaHHH JIHTepaTypH&IX flaHHBIX? YHHTBIBaJICa JIH TOT (J)aKT, HTO B 
HjejiOHHBix pacTBOpax O r co BpeMeHeM HanHHaeT pa3JiaraT&ca c BBiJiejieHHeM 
C 0 2 [Graphene Oxide. Origin of Acidity, Its Instability in Water, and a New 
Dynamic Structural Model. Ayrat M. Dimiev, Lawrence B. Allemany, and 
James M. Tour, ACS Nano 2013]? 

flnccepTanna HaHHr M H H TyHa aBJiaeTca 3aKOHHeHHOH HayHHO-
KBajiH(J)HKanHOHHOH pa6oTOH, B KOTopoii p e m e H a 3ajj;aHa noj iyneHHa H 
Hcnojib30BaHHa rpa(j)eHOB H OKCHZJOB rpa<J)eHa jiJia KOHHeHTpnpoBaHHa H 
H3BJieHeHHa HHpKOHHa H3 BO/JHBTX p a c r a o p o B , HTO HMeeT 3HaHeHHe flJia 
pa3BHTHa TeXHOJIOrHH pe^KHX, paCCeaHH&IX H paflHOaKTHBHBIX 3JieMeHT0B. 

PaSoTa o6jia^aeT BHyTpeHHHM ê HHCTBOM H OTBenaeT Tpe6oBaHHaM 
«nojio>KeHHa o nopajj;Ke npncy»JieHHa yneHBix CTeneHeii» (nocTaHOBjieHHe 
npaBHTejiBCTBa POCCHHCKOH Oe/j;epaHHH N° 824 OT 24 cenraSpa 2013 r.) c 
yneTOM cooTBeTCTBHa n a c n o p T y cnennajiBHOCTH BAK 05.17.02 — TexHOJiorna 
pe^KHx, pacceaHHBix H paĴ HOaKTHBHBix sneMeHTOB B nacTH (J)H3HKO-
xHMHHecKHX OCHOB CHHTe3a MaTepnajiOB Ha ocHOBe pe^KHX MeTajuioB H 
npOH3BOflCTBa H3JI,ejIHH H3 HHX. 
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