
OT3bIB
o$nquanbHoro orrloHeHTa Ha Ar,rcceprarluoHHyro pa6ory EoHaapeHKo AHnrr
BurzutreBHbl <<Oynrrlr4oHitrrbHbre Marepr,rilirbr, BKrroqarcIqne HaHocrpyKTypbr

MeAlI, cepe6pa H SoJlora, Irrfl ycrpoficrn oneKTpoHlrKtr 14 SoronuKr>>,
lpeAcraBJreHHofi sa coprcKaHrae rreHofi creueHu AoKTopa rexHr,rqecKnx HayK rro

crequiubHocrrl 05.16.08 HauorexHoJrorurr u HaHoMarepuurJrbr (uarepvurlsr

AJrr gJreKTpoHr,rKH u Qoronnru)

1. CoornercrBrre Arrcceprarlrr[ cneqtra:rbnocrf, f, orpacr[ Hayrrr, rro
roropofi oHa trpeAcraB ena K 3arqrrre.

Teua qpeAcralBJreruoft ua ercueEursy ,q{ccepraqr.il,r 14 ee coAep)r@H}re rroJtrrocrbro
coorBercrByror cuequarrbHocrn 05.L6.08 - 'Haxorexnoirorurl u HauoMareplrilJrhr
(uarepuaru Arrr gneKTpoHnru r. Qorormrn) rexnrvecroft orpacnn Ha)rK, BKJrK)qtu
yKa3arrubre HrDKe nyHrcrbr ee flacuopr4 yrBepxAennoro flpnxagou Bucueft
arrecralll4oHHofi rconruccvrr4 Pecuy6Jrr{Krr Benapycb or 12 cesrs6ps2019 r. J\b 205:

rr. 3.I1 <flpoqeccu r.r rexHoJroru[ ]r3roroBJrerrr4r HauoMarep[aJroB,
HallocrpyKTyp tt usyelr'wit n3 Hrrx, BKlroqtu rroJqrqeHlre HaHorroporuKoB vr Lrx
Kouconr.rAau[ro, lpopnaupoBaHr.re HauocrpyKryp Ha rloAJroxKax, B ToM qr{cJre c
HCrroJrb3oBaHLreM cKaHr4pyroqux 3oHAoB vr

MOAr{or4rIr{poB alllilgle paclJraBoB, HHTeHcr,rBHyro

HaHOJrr{TOrpaQHH, O6reUnOe

rrJracTr4qecKyro 4esopuarlHro,
uo4ra(pnqnpoBaHue [oBep&rocrn Marepr4aJron, o6rqruenue ycKopeHrrbrMu rracrnUaMr.r,

TepMuqecKyro 14 -TepMoMexaHr4rrecKyro

orrrr4 M H 3arryfl; p a3p a6 orKa o 6 opyAo B aHr4rr )) ;

o6pa6orKr,r; r{x Mo.{enupoBaHue 14

r. 3.I.2 <<Marepl4anoPeAeHpre v Qusuro-xr{Mr{jf, HaHoMarepr{€rJroB. Crpoeuue vr

csoficrsa HaHoperMepHED( crpyKTyp r{ HarroMarepr{aJroB, 3aKonoMeprroara t[aronrrx u
crpyrcrypHbrx npeepaqenufi s Hr.rx. BsaulrocBr3r xnMr{qecKoro n tfasororo cocraBoB,
crpyrrypuoft opraHr.r3aqr.rlr c Quer.rvecxuMn, xr{M[qecKr{Mr.r, TexnoJrorurqecrfiM]r,
eKclllryaraqr.roHHbrMr.r r{ Apyrr{M}r csoficrnaMfi rraHopsMeprrbrx crpyKTyp u
HaHOMaTepr{€uroB>>;

r. 3.L.6 (HoBbre rexHoJrorr{qecKr{e rpoqeccbr c yqacrreM

Harrocrpyrcqfp4poBarrrrbrx cpel u HarroMarepr{aJroa. flpousao4crro, o6pa6orra u
nepepa6otra HarroMareplriuon. llcnonrgoBarrue rrauorexuonoruft n HarroMarepnaJroB

AJrr co3Aarrrn HoBbrx Mareplraror r r,rsgennfi>.

2. ArcryaJrbHocTb reMbr Ar{cceprarlu[
Ten4eaqna K MlrHlrarropn3ar\ u gJreMerrroB ycrpoftcrr gJreKrponlrKr,r n

(poronnru o6ycnouunaer rroBhrrueHlre lrrrrepeca K r.rccJreAoBarrrsld oco6eHuocreft
r[opunponanua z csoficrB rrarrocrpyrTyp rue4u, cepe6pa r,r 3oJrora, Bo MHoroM
cBt3annbrx c sBrcoxofi gneKTpoqpoBoAHocrbro grrn( Merarr,JroB, qro [o3BoJrrer . B



3Haqr4TerEHOfi CTerreH[ yMerrbrunTb p8Mephr gJreKrpo[poBoAgtrIr,D( MexgJreMeHTrrbrx

coe4llHeunft B ycrpoftcrBar( greKTpoHr,rK[. Brrpaxennrre rrJr{r3MoHrrbre cBoficrBa }r

yHrrKiurbHor{ qyBcTBr4TeJrbHocTbro,

rroBepxHocTefi MeAHrIr{HcKprx

a TaKx(e no Kp brTvrfl- c n o c 06 cTByro ur4x oqH rrle Hr.r rc

ug4errvrtrr or MurgoopraHr,r3MoB 6laro4apr

anrn6arrepnanbrrar arTr{BrrocrB lraHopiltMepnrur o6rercroB rls MeArr, cepe6pa r.r
3OJIOTA oTKpbrBaeT nepcIIeKTr4Bbr pa3pa6orKH SoronHux ceHcopoB,

$ynrquorupyorqr{x Ha eQ$erre nrrarrrcKoro rou6rnaqnonuoro paccerHtrs cBvra, c

clerlr4 sHqecKr,rvr soroHHbrM fl BJreHrrfl M B HHx.

CyqecrBytourre B Hacrotlqee BpeMf, 3aAaqr4 n cQepe BHeApenufl. HaHocrpyKryp

rue4n, cepe6pa rlr 3oJrora B gnercrpoulr(y r,r Qoronnry B ocrroBrroM opueETnpoBaHlr Ha
perueuue npo6aenau necra6nnrnocrn ror rvropr[onomn ]r gJrerffpo,ulrrraMfiqecrfix
cBoHcrB, Koropyrc AocraToqHo cJro)KHo

roBepxHocrHofi gHeprr4efi HaHopobeKroB.

rrpeoAoJrerb B cBfl3vr c BbrcoKofi

OrcyrcrBne Bo3Mox(Hocrra yBepeHHo

KorrrpoJrrlrpoBaTb reoMeTpr{trecKEe uapaMErpEr, r[aroruft ]r SJreMeHTHErfi cocrasu
HarrocTpyKr)? [r3 MeAr4, cepeopa rr 3oJroTa rqpuTllrrlro He ToJrbKo Ant x
grercrpr{qecKrx r,r orrrrdqecKlrx xaparcrepncrr.rK, Ho rr a,qpe3riorrHoft npovnocru
uorqprmnft Ha rD( ocrroBe rro orHoruenlrro K [Jranapuoft norepxnocrrr KpeMH]reBbrx
TIoAJIO)I(eK, KOTOpbre rBJrflroTc.fl 6asosul,r MarepniuroM MHOTnX

MlrKpoenercfpoMexarrrlFrecKux crrcTeM u iforonrrx ycrpofimr. B Anccepmquonnofi
paooTe cor{cKaTeJreM npeAJroxeHo B KaqecTBe rlHclp)rl\derrTa ,ulr peltrerrur yKa3aHHhD(
npo6nena ocar(Aarb nrr6pannne MeraJrJrBr rra uoBepxnocrb rranogrpyKTyp EpeMurirr,
opraHr{3oBaHrrbrx Br )moprAorreuuEre MaccrirBlr, orrrocrrq[ecr r ceueficrny
rr,ropQoaorufi uopHcroro fpeMHlrr. B perynrrare rounnexcnrrx [ccreAosaH[fi no
ycrauoBJreur{ro 3aKoHoMepgocrefi xutrtuqecKoro }r Quruvecxoro ocaxAerrur MeA[,
cepe6pa r.r 3oJrora Ha cJrou u qacrr,rrlbr rroprrcroro 4peMrr[r, pa3HocropoHrrero
aHaJrv3a cnoficrr, noJrfrerrHlD( rrauoMargplraJroB, aBTopoM 6nurn pasnrrrr fio,e(oAbr
grs OoplalrpoBarr[r HaxocrpyKryp trs yKa3arrrrED( MeraJrJroB rra KpeMn[eBbrx
IloAnoxKax. Paspa6omnu norrre Qynxqr{oHaIrrlrbre Marep[alrEr Ha ]rx ocrroBe Alrt
ycrpoficrB gJreKTpoHr,rKpr H QoroHnru.

Taruu o6pasoM Bbr6panHas, concKareJreM TeMa.udccepTarlurir orruqaercfl cBoefi

aKTyanEHocrbrc c roqKrr 3peur{r pa3Brrrn cQ€phr nanorexnononrft u
HaHoMarepr,ranoB KaK n Pecny6luxe Eenapycb, TaK v sa py6exou.

3. Crenenr HoBrr3rrbr p$yJrbraroB, tron)lleHf,brx B Atrcceprarl[n, n
Hayrrnbrx no.roxennft, BbrHoctrMblx Ha 3aqf,Ty

HayrHue I,IccJIeAoBaHar, BbrnoJrHeHHbre Eon4apeHKo A.B. B xoAe pa6oru HaA

4uccepraqnei, 6rurn flpefiMyrqecrBeHrro HarrpaBJrerrEr Ha qpeoAoneu[e npo6leurr
necra6rurnocru uopQonorru, orrruqecKr{x, gJloKTpltuecKr,rx, MexannrlecKl,tx rr
TeuJroBbrx csoftcrs HaHocrpyKTyp uegn, cepe6pa r.r 3oJrora. flpe4noxennuft



co[cKaTeJIeM IroAXoA AJrfl perUeIII4r 3TOft 3aAaql4 OTJII{qaeTCr OpI,IT HaJI6HOCTBTO ]r

3aKJrroqaeTcr B ociDK.qeHlrlr BbropaHHED( MeT{rJrJroB Ha rroBepxHocTb noprrcToro
KpeMH[r rr [oAJroxeK r{3 ApyMx MtrKpo- u HaHocrpyKryp4poBarrHED( Marep}rruroB,

[epcrreKTrlBHbrx IJrr gJrercrporrtrKr,I ]r Qoronmn. B pesynrrare pa3HocropoHHr.rx
uccne4orannff uo ycranoBJrenfiro 3aKorroMepnocreft xr.rMrlrecKoro n Srcruecroro
octDx.ueHrrr ue4l4 cepe6pa rr 3oJrora rra pa3JrrrrrrEre noAJroxKr{, anurfisa cBofcrB
loJrfrenrrlrx HarroMarepr{aJroB aBTopoM 6rum parntru HoBEre noAxoAlr Alrt
([opunponanrar HauocrpyKTyp rr3 yKTaHHED( MefturJroB r,r Brrq)Blre paspa6oran pxa
(pynrqr.ronanurElx Marq)Ir{rJIoB Ha rlD( oclroBe AJrr Mtr KpogJrersrpoMexaHr4trecKr.rx
clrcreM, (pmonnrrx ceHcopoB, greKrpoAoB MeAlrqllHcKID( ycrpoficrB n norprmlft
croMaroJlorr4qecKux lIMIIJIaIrros. Heo6xoA[Mo orMerr{Tb, rITo rIpIlI [ocrauoBKe 3aAaq

B Ar.rcceprarlun Bon4apenro A.B. . ocnoslinaracb He roJrbKo Ha pe3yJrbrarrx

coBpeMenHoro aHaJr[3a ]rccJreAoprurrfi uo ru6pannofi Teuatuxe, Ho rr Ha BhrBoAbr,
TIOJTruIEHHbIE HA 3TA[E IIOATOTOBKII EC KAHAHAATCKOH

xnMr4rrecKoMy KoHTaKTso - o6ueHHoMy ocaxAeHr,rrc MeALr

floerorr,ry uccneAoBaHl,It, BbIfIoJIHeHHbIe B xoAe

Ar.rcceprarluefi, flBJtf,rorcr rorr{qecKrrM rrpoAomKeHrdeM

AI,ICCepTarIr{r{, IOCB.fl rrlesUOfi

Ha Me3orropr{crrrfi rpeusufi .
pa6oru HaA AoKropcxofi
u rur{poKHM pa3BVTHeM ee

rrpelbrAyrqlo( uccre4onanuft. Taxnu o6pasou, ocHoBubre pe3yJrbrarbl n HayqHbre
[oJroxeHr{r A}rccepTarlrlrr'r oTJr}rqaroTcr nosugHoft Mr'rpoBoro ypoBru }r BKirrcqaroT B
ce6s:

ycraHoBneHHyro 3aKoHoMepHocrb, xaparcrepHyro Alrfl, rpoqeccoB QopuupoBaHrrfl
[opl{cToro KpeMrrr{r KaK gJleKrpoxuMEqecKllM ]r MeTaJrJrcTuMyJr]rpoBaHrrbrM

xlrMrlqecKllM TpaBJreH[eM MoHor9rrcTalllr{qecKor0 4peMH}rrr, TaK v

MarH[eTepMFrecK[M BoccIaHoBJreH[eM oKc]rAa KpeMlrr{f, rI 3aKrrcqAOEIarCr B TIOM,
qTo Harror9r{cTaJrJ[rTEr KpeMHr,Ir B [opr{cToM xpeMHrrr{ IIpLr AocTl{rKeH v ur]0{lr
p€BMepoB m 2 Ao 5 nu npr.ro6peraror xuMlnrecrcyro croilr<ocrb rro orHorueH[ro K
oKr.rcJreHrrro rroHaMr4 MeAu, cepeopa H 3oJroTa;

paspa6oranuufi rueroA yA{IJreH}rr uapa3rrHoro cJror roJrrqrruoft 300-400 nr"r c
[oBepxHo0Tx nOpIICTOTO KpeMIIIiIt, IIOJI) I€HHOTO 9JIeICq)Ox-IIMI{qeCKuM TpaBJIeH}IeM

cI4JIbHOJreMpOBarrHOrO MOHOr9lrCTaJrIffreCKOrO KpeMHlrr 3Jrer(q)oHrroro Tnrra

[poBoAt4MocT]r, IIpu IIoMorqlI ero SaMerqeH[r HaHoqacT[qaMLI MeArr, [pe]rrlfyrrlecTBo

KOTOpOTO IIO CpaBHerrr{ro C ApyrrrMrr floAxo,qaMu 3aKrroqaeTcr B ceJrercTlrBHocT]r
npoqecca lr orcyrcrBlr[ ueo6xo4uuocru trcnonrgonanr{r BaK)ryMrroro o6opy,{oaanur;

ycTaHoBJreHHoe pa3rEq[e MexAy npoqeccaMl{ BoccTarroBJreH r noHoB MeA[,

cepe6pa I4 3oJrora uprr xr{Mr{rrecKoM KoHTaKTrro-o6uensou ocarrleHrnu gTr,rx MeraJrJroB
xa uopncrrrfi rpeunufi B gaBncrlrMocrr{ or rl,rua qpoBoAr{Mocr}r nnxelexaqefi
IloAnoxKll rl3 MorroKp]rcTaJurr{lrecKoro KpeMrrr{r;

ycraHoBJleHHyro B3ar{MocBr3b MexAy pil3MepaMtla u sopnaofi HaHoo6beKroB vr3

Irae4r, cepe6pa v 3oJrqra rra uoplrcroM KpeMrrr{r{, pexr{MaM}r r{x xrrMr,rqecKoro fl



SusrauecKoro cHHTe3a H Tr{rroM

MOHOKpr4CTaJrJrr{qeCKOrO KpeMHr4fl, rITO

rrpoBoAHMocTH Hlrlr(eJrexarrlefo

rro3BoJrr,rJro paspa6orarb pexlrMbr

(popnauponanux r{ onpeAenmr csoficrna qerlrpex pa3JrttuHlrx uop$onoruuecrux

Qopu yrasauubrx Mera[JroB, TurKrrx KaK Macc[Bbr (crauonoJrocreft>>, ancau6nr us
or.rMoAanbrro pac[pe,qeJreHrrbrx rro pasMepaM cyoMr{KporrHbD( qacTr4q, AenIp}rTEr rr
noplrcrbre rroKpbrrrrr rr3 MeraJrJroB roarqnnoft m 200 nu ao l0 rrrrur;

ycTarroBneHH6re B pe3ynbTaTe TeopeTr,rqecKoro aHaJrr{34 npFr}rrrBr Bo3MoxHocT}r

AererovpoBarrr4r MeroAoM fKP-cnercpocronnn eArrHr{rrHbrx MoJreKyJr KaK
Hlr3KoMoneryrrpHbrx, TaK Ir BErcoroMoJrexynrpuhrx coe4r,rxexui Ha [oBepxHocrlr
norprr:ruft us 6nrraoga"rmno pacflpeAeJlerrubrx rro pa3MepaM qacrr,rq cepe6pa na
noprrcToM KpeMrrlu;

paspa6oraHHbre noKpbrrr{r rr3 AeHIpt4roB cepe6pa Ha nopucroM KpeMHr4H p^nfl

Bu3yanlr3arllrn eArrHr,rrrHbrx MoJreKyn opraHuqecKro( coe4nnenuft c 4ncyarQn4nofi
cBfl 3bro MeroAoM f KP -cneKrpocKonlrr4 ;

pa3pa6oTaHHyro MeroAr4Ky SopnrupoBaHlrfl rroprdcrbrx rrJreHoK r{3 Soropesvrcra
SU-8 c rlcnoJrb3oBarrrlenr nrarorpa(pur rltcHeurleM r,r uacrep-SopMrr u3 floprrcroro
KpeMHr.rr, Koroptu no3BoJUIer cr{lr3r{Tb cror{Mocrb }r3roroBJreu[r fKP-arrunuux
rroAJro)KeK Ha ocHoBe MacclrBoB (HanofloJrocreft>>, norqlrrrsrx rrJrerrKaMrr cepeOpa uru
3OJrOTa, OOeC[eTIIIBaIOqUX [OB6IIUeH]re BOCIpOU3BOAI{MOCTI{ pe3yJrbTaTOB AJI'jJ.Ifi3A

MHoroKoMrronerrrHhrx xrgrocrefi MeroAoM fKP-cnerrpocKorr[lr no cpaBueHr,no co
cJrrraeM ucrroJrb3oBaHufl HaHoqacTurl r{3 )[c{BarrHErx MeTaJrJroB;

ycraHoBJreHr{yro. 3aB}rcr,rMocrl agresnonuoft 4poqnocru rra HopMaflbrrufi orprrn
cJIOeB naHOCTpyrCq{p MeA}r, cepeopa }I 3oJIoTa oT rroprrcTocT]r rrrDKenexaqero
rropr{croro KpeMHr,rr, Keroparr rro3BoJr}rJra parpa6orarr MeroArrKy yflpalnerrr{t

agreei,refi Qynrquonaarubrx fioKphrr]ri na la ocuoBe r xpeuuneroft rroAnoxKe;
pa3pa6oraHHbre HaHorroprrcrbre rrJreHKI{ 3onora co cra6uJrbHbrM Bo BpeMeHr,r

yAeJrbr{brM co[pornBJreH]reM, Qopuupyeuue coBMecrnbrM MarHerponlrrlM
paclhrJreHrreM unureneft ra:l 3oJrora u cepe6pa rr [ocJreAyroqr{M BbrrpaBJu4 BaH[eM
cepeopa, KoTopbre 4pu oTAeJreHr.[r oT rroAJroxcK[ PaccMaTp]rBlrroTcr B rarrecTBe
Marepr,rana gJracrurrHrrx gneKTpoAoB Ars rpaHcAepuanrnofi ,qocraBKr.r neKapcrB
MeTOAOM gJreKTpoflopaqvu;

pa3pa6oraHHoe rroKpbrrr4e H3 qacrr4rl cepe6pa Ha 3y6Hbrx KopoHKax rr3 AroKcHAa
qnpKorrr4Jr, Koropbre npu rosAeficrBfirr orrrr{qecKoro }r3Jr}nreH[r Br,r,qr{Moro Anaua3oHa
IJrr4H BoJrH o6ecnesvsaror orcJrauBaHue rureHorq coAepxaq[x 6arrepura, c r.rx
rroBepxHocrlr, He conpoBoxAarrrqeecr HarpeBoM Ao reMrreparyp srrue 40 "C.

4. O6ocHoBaHHocrb u AocroBepHocrb BbrBoAoB u peKoMeHAarIHfi,

cQopnryJrrrpoBaHHbrx B Ar{cceprarlnr.



Bce BbIBoAbI u peKoMenrarryru, Bbrpa6orannrre B xoAe Ar,rcceprarlr4oHHoro
nccJleAoBaHlrr, apryMeHT4poBarrbr, ooocrroBaHbr tr AocToBeprrhr, qTo [oATBepx.qaeTcs
uy6ruxaqurufi coucKareJlt n rrrcoropefrrfiHroBblx MexA[rapoAHbD( rrcAarrfirx,
ooJlbrulrHcrBo rr3 KoropbD( npaKMKyroT upoqe/qypy peqers4poBaHut y layx wrv.
6onee ercnepron. ,{m o6ecneseHfir BrrcoKoro KaqecrBa peyJlbraroB r{ccneAoBaur{t
Eou4apeuro A,B. npuuenrna coBpeMerrrrhre reopermecKr,re r,r gKcrrep[MeuTaJrbrrbre
MeroAbr, r{x or[r[errr'rnuue rou6unar[ru r,r o6opy4oranue, o6ecnewmarorqee
Bbrcoxyro rorruocrb usuepeirnft. floaoxeum, BRrABr.rHyrEre fla 3arr[rry, He
[por[Bopeqar Qyn4arraenmnbrrErM 3HarrurM s o6racu r[nrzrr,r rBepAoro reJra,
xlrurrr4l{ SreKrpoxJ,IMrIIr, MoJlelg/Jrfpuoro auaJrr.rga r{ rrauorexlroJrornfi, ncnoru3yeMbre

AJrr pe[reH]rr utKryaJrbrrbD( 3aAaq SneKTporrnKr,r rlr Qmouuru, u pe3yJrbTaTaM,
ony6mKoB aHHbrM Apyr Hvtu aBTopaMr.rl

5. Haywrar, npanTrrrrecrat, 3KonoMf,qecnaf, ll coqtraJrbHafl 3HaqrrMocrb
pe3yJrbraroB Ancceprarl[tr c yna3anueM peKoMerrlaqnft no rx [cuoJrb3oBannro

Hayunar 3uaqlrMocrb pe3yJlbraroB 3arKruoqaercr r@HqerrryaJrrnoM panBrrLru
aICryaJIbHoFo HayqHoro HaupaBJreHnr s o6racru HauofexrroJrorurfi n nanouarepua.non
lr cocrorrr B ycrauoBneHr.M IroBbD( 3alerroMepnocrefi xutr{[secxoro r,r Qusnuecroro
QopruupoBaHr'Ifl HauocrpyKryp MeALr, cepe6pa
olTvqecKux, SJIeKTpI4qecKI{X, MeXaHI,IqeCKLIX 14

vt 3oJIoTa, ilx

TEIJIOBbIX CBOfiCTB

MopsoJroruu,
HA CJIOflX VI

rracrr.rqax r.rg flopvcroro KpeMHr{r, Ha rureuKax lr3 xaJlblcorerrrrAor r,l qporopesrcra SU-
8, ua ueu6paHax us rleJurroJro3lr lr rroAJroxKaJ( r.r3 ,u{oKcnAa qr{pmorru , Koropbre
rocrpe6onanu s M3MC-rexrroJromnx, @oTonnxe AJrr MeA[rI[HEr ]r croMaroJrorur4,
tITo IIo3BoJII4Jro B 3Haqrrerbnofi crenenn pacru4pnTb QynrquonanrHbre BogMoxrrocrn
rroKpbrTutrt us yKa3aHHbrx MeTaJrnoB.

Ilparruvecrcafl 3Hatlf,Mocrb p$ynbraroB cocrolrr B ycrarroBJreHr{fi pexr,rMoB
n ycnonufi Qopunponannr fKP-axrfisnbu( noxprrrufi r{3 Harrocrpyrcryp cepe6pa u
3OJrOTa Ha rropr{cTbrx lroAJloxKtx, KoTophre yxo BHeApeHhr }r [crroJrE3yroTcr A^rrt
AereKT[poBarrus,, B]rgyurfiga\r{r{ r{ onpeAeneiux ront[opuaqfi[ elnur{rrHbrx MoJreKyJr
Hu3Ko- rr BlrcoroMone(yJlfpHbrx coe,qrurenuft - u. Nrt arraJr[3a cocraBa
MHoroKoMrroHeHTHbIx xlrlrocrei; [op]rcroro KpeMHI{t c HaHoqacrr,rqaM[ M€,Utr r[Jur
3oJrora AJrr [3roroBJreHr.rf, Maccr.rBoB gJrer$ponpoBoArulrrx MexcoeAlrHeuuft n MSMC
rro [prrullfi[nanrno nonoft TexrroJrorrlr,r [epeHoca cJroeB; rrop]rcrrrx rueru6pan r.rs MeAr{
I{JII4 3oJrora, rIepcrIeKTI{BHED( c roqKlr 3peur'rr paspa6omu o6mr,rpnrur gJracrr{qrrhD(
gJrerclpoAoB AJrr rparrcAepuanrnofi AocraBKr'r JreKapcrB [yreM enoKTporropaqu[;
rlolq)Errnfi lr3 qacrr,Iq cepe6pa cy6unxpolurux pa3MepoB Ha [oAJroxKax ]r3 Ar{oKcnla
qupxoHlrr, Koropoe 3arrprrqaETcr Ha Hacrortrryrft uoueur rrarelrroM ll uoxer 6rrrr
llafloJlb3oBturo AJrr [Htrrl]r4pyeMoro cBeroM oqt.rrqeurur sy6nrrx KoponoK ot sy6noro
H€UIeTa, He BbI3bIBaIOUIeTO AeCTpyKTr{BHbrfi Nrfl )Kr{Bbrx KJreToK HarpeB.



SrconoM[rlecrcafl u coqrraJrbHafl 3HarrnMocTb [oJrfreHHbrx pe3yJrbraroB
3zrrJrroqaercr B ToM, qro paspa6orannne Harrocrp)mrypbr rr3 MeAn, cepe6pa lr 3oJrora
rlo3BoJurJrr{ parpa6orau Qynxqnonanrnlre MareprraJrlr grr ycrpoficre greKTpoHrrKt4

u (foronr.rxu c rroBErMr,r rrJrrl ycoBepruerrcrBoBarrrrhrMu xaparcrepncr[KaM]r, qro
rIo3BoJII{JIo [pllBreub nne6rogxvrnoe lpunancupoaaur{e KaK pe3yJrbrar BbrrroJrnerrlt
xogrficrsenurrx AoroBopoB r{ KorrrpaKroB MexAy EIyI,IP, oreqecrBeHHrrMn rI
sapy6exnunau opraurr3arurrMn, pyKoBo.{rreJreM KoropbD( rtlonr.racb Bon4apemo A.B.
fKP-arr[snEre HaHocrpyrTyprr, paspa6oraunLre B paMKaJ( Arrccepraqfiourroro
uccnegoBarllrr, ]rc[oJrr3yrorcr [p]r BErrroJrHennu a*rufiteia o6pasqor clrBoporK[ KpoB]r
naqlreHToB c ouxoga6oneBanr{rMtr (cnparra o Bo3Moxnocrr{ [parTr{qecKoro
rIpI{MeHeH[r pe3yJrbraroB Anccepraqnn). Vwrrusar Bar(Hocrr paspa6orxu norru<
MeTOAOB paHHeLr AHaTHOCTT{KH onadHbrx 3a6oJreBannir, pe3yJrbrarbr

AI,ICcepTaIII4OHHOTO UCCneAOBaHI{t xapaKTepI,I3yIOTCt COquarIbHO[ SHaqr4MOCTbrO.

6. Ony6nurconaHHocrb peyirbraroB Arrcceprarl[u B HayrrHofi [errarrr.
flonyreHHble Eon4apeHKo A.B. peyJrbrarbr AocraroqHo noJrHo orpDKenbrB 74

aBropcKr4x rry6rurxaqr.rrx, B trepeqeHb Koropbrr( BxoArr ruonorpa(pur, 26 crareft, s
peqernlrpyeMbrx r{a) rHlrx 34an}rsx, coorBcrcrB)rrorqn rr. 19 flonoxeHlrs o
qpr{cyxAenlr}r } rerrErx creueneft }r ) reHHbD( oranuft, 15 qarcft n c6opuurax
Marep[ErJroB nayqHbrx ronQepenqufi, 30 rerncor AoKJraAoB na ronlpepenq[fi lr
3arrBKa Ha rrareHT. O6uUlft o6reu ony6.t[KoBarrrrED( rrronorpa$nn n crareft s
p e rleH3r,rpyeM brx H3AaH vrstx co cTaB r,r r 25,2 aBTop c Kof o Jrr.rcra.

B AzccepraIIHH rlMelorcs ccbrJrKrr Ha Bce yrroMflrryrbre Bbrrrre [y6JruKarluu.

7. C oorBercrBr,re oQ op MJreH nfl aucceprarlrrr rpe6onaHnfl M BAK
Anrope$epar kr Avrcceprarlr{fl roAroroBJreHbr B coorBercrBr,r?r c rpe6osaHra flvtu

I4ncrpyxqnn o uoprAKe o$opunenux Arirccepraqr,ru, Anccepraqr{}r B BnAe rra) ltroro
AOKJraAa, aBTopeoepara Ar,rccepTarlr4H u ny6Jrr{Ka\Hfr IIo TeMe AHCCepTaUr4rr.

AHCCepTATIVTI/,, BKJrrOqatAnropeSepar rroJrHocrbro coorBercrByer co4epxaHurc)
BbrBoAbr r{ [oJro]KeHr4f,, KoTopbre BblHocflTcfl, Ha 3arqvrTy.

8. 3auerraHrrfl no ArrccepraurroHHofi pa6oTe
L. B reKcre AuccepralluoHHofi pa6oru He yKa3aH rffi, HcroJrb3oBaHHbrfi rpu

onpeAeJreu[lr yAeJrbHofi ruotrlaA[ rroBepxHocr[ r.r [optrcrocrr.r MeroAoM rasosofi
aAcoporlHr,r.

2. B pas4ene 3.4.3 (c.147), roropufi orrcbrBaer pe3yJrbrarbr nccne4onannfi
orrrr.rqecKlrx cnoftcts floptlcroro KpeMrrr{r, B KaqecrBe oru{caur.rf, o6pasrloa
[cnoJrb3yrorcr floHflrr.rrr <<rlqpoQulruuft nopourox>, <<ru,uporfo6nr,rfi floportror>,



peKoMeHAyeTcr Aeraurll34poBaTb I4x cBoftcTBa Ire ToJI6KO IIO XapaKTepI4CT[Ke

CMaTIIIBa€MOCTIII BOnOft .

3. Hecuorpx rra ro, qro B 3urKrIoqeHI,Ie rro AoKTopcKofi ,q[ccepraqun Ho
pa6or ro KaHAuAarcrcofrBKJIrOrreHbr ocHoBHbIe pByJIbraTbI BbI[OJIHeHHfl,

Auccepra\vflg peKoMeHAyercfl 6otee qerKo ux AI{QQepeHIIHpoBarb B qacru

paspa6orKr,r MelKoJreMeHrHbrx sJreKrponpoBoMIIIHx MexcoeAuHeHutrt p^tlr MOMC.

4.8 pirAeJre 4.1.2 orcyrcrByrcr C3M-uso6paxenvfl, HaHoqacrrrll Ag, Au,

noJr5 reHrrbrx ronrarrno-o6MerrHrlM ocax,qeurleM lra uoAJIoxKI,I rs n*-Si, raxue

usoopaxeHr{s [prBeAeHbr roJIbKo Nrfl MeAI{.

5. Ilepenyranu 6yxnu n uo4pncylrowrofi Ha"qEI{cu, coorBercrByalqrle
o6osnaqenuro C3M-uso6paxenni na pncyrre 4.6.

6. 3aroHoMepHocru QopnrupoBaHrrt HaHocrpyKTyp MerilIJIoB Ha rloAnoxcKax

pa3Jrr{rrHoro rr{rla ficcneAoBanbl B ptle cryqaeB lre AJrt Bcex rpex MeraJrJlon - Cu, Ag,

Au; unor4a pe3yJrbrarbr, rroJr) reHEEre AJrr oArroFo MeraJrJra, 9KcrparroJlr{pylorct Ira

ocTatISHbIe.

7 . B reKcre He rrpnBo4rTcfl AaHHbre ro cBofcrBaM [oAJIo)KeK Ha ocHoBe oKcHAa

rlr,rpKoHvrfl,, utcfroJrb3oBaHHbrx AIrfl. HaHeceilLrfl rroKpbrrzfi cepe6pa (pae4en 4.4.2).

8. B paOore npucyrcrByror orAeJIbHbIe p$yJlbrarbl HccJIeAoBaHI,If no

MaTeplraJraM, IloJrjruerrrrbrM MafireTporrrrErM HarrbrJrer IeM, no npI{MeHeHI{Io noAJIoxeK

r{t ArroKcr{,qa qxproHr.rr, oKclua aJIK)MIrIrI{t, qelllrlonoaEl; xeJlareJlblro 6ruro 6u

pacurl,rprrrl o6nacrr nccnegonauufi u Ira 9Tlr MarepI{tuIEL

3arue.raHrar r{ KoMMerrrap[n rro Arrcceprallxfi He [MeKrr rrprurq[rutaJlrlroro

xapaKTepa r{ He cHrDKarcT HayrHoitw [paKTuqecKofi 3HaqI,IMocTI,I

9. CoorneTcrBrre HayrrHofi KBaJrlrQHKarInn concnare.rrr yrleHofi crerleHlr,

Ha KOTOpyrc OH npeTeHAyer

Ka.Iecrgo Il3JIolKeHuIfl, Ma,TepHaJra

apryMeHTlrpoBaHHocrb BbIpa6oraHHbIX

pa6orn

AHCCepTATIVII"/, UOCJIeAOBaTeJIbHOCTb v

BbIBOAOB, HOBU3Ha H AOCTaTOqHIUI

orry6nuronanHocrb pe3yJlbraroB Arlccepraql{lr cBfi,qeroJlbcrBylor o BbIcoKoM )poBHe
nayrnofi rranu(puraqu[ cor{crareJlt EoIrAapeHKo _Asnu BnranbeBHbl, roropufi
coorBercrBygr yrenoi ererrerrr{ AoKTopa rexH[rrecKro( Irayr rlo cnequaJlblrocr]I
05.L6.08 - HanorexnoJroruE u HaIIoMarepI{aJIu (uatepnalll Art gneKrpoultKtl tI

QoronuKrr).

10. 3arurrcrreH[e
flpe4craBJreHHafl. Aucceprarlr4oHHarr pa6ora EoH4apeHKo A.B. ..Oy"*tIpIoHtuIbHbIe

MarepraJrrr, BKrroqarorque Harrocrpyr(rypEl MeAI{, cepe6pa I{ 3onor4 Arr ycrpoficrs
gJreKrponrrKr,r u Qoronuxu> rBJrf,ercr saxonsenuofi rnann([maquonnoft uay.rnofi'
pa6oroft, caMocrorreJrbrro uo,Forosrenuofi aBTopoM, Koropar yAoBngrBopter



Tpe6oBaH[tM flonoxennr o rrplrcyx,4elrlil,I freulrx crenexeft lr flptrcBoeH]r[ Ha) rrrbrx
gsauzfi. B cnsslr c 9TrrM Eongapenro A.B. moxer 6rmr upucyxgeHa yrreua{ creueuB
AoKTopa r€xnltrlecrfix lrayK rto c[eql{aJrbuocrrr 05.16.08 - HanorexnoJroud}r r{
HaHoMarepl4iulbr (rraareprraJrbr Anfl, eneKTpoHr4Kr,r u Sorouuru) ra

- ycralroBneHl{e yBerFIeHHofi no cparneuruo c Molrofpr'rcralurr{qecKr.rM KpeMHLreM
eneprrei aroMlr3aq[fi KpeMrr[eBE[x rraHoKpucraJurr{ToB patMepoM 2-5 HM,

QOpMr4pyeMErx MeToAaME X[MrfrecKoro r{ gneKrpoxtrMr{qecKoro TpaBJreHrrr,
MorroKprrcrturJrr{qecKoro KpeMH}rr Bo t[ropco4epxaqux gJreKTponr{Td( tutw. .

xlrMvqecKoro BoccranoBJreu r. oncn4a KpeMulrr s ra3onofi cpeAe, r4, KaK cJreAcrB[e,
nosbrureHuofi Koppo3troHHofi croftrocru rro orrroueHr.fio K oKtrcJreHr,rrc noIraMI4 MeAr.r,
cepe6pa lr 3oJrora, qro rro3BoJmJro co3Aarr rrauocrpyKrypbr MeAu, cepe6pa Lr 3oJrora
c 3aAaHHbrMH reoMeTpr{qecK}rMr4 napaMeTpaMpr ;

- orIpeAeJIeHI,Ie yciloBl,Ifi QopryI4poBaHufl qerr-rpex pa3JruqHbrx rr{rroB roKpbrruit us
HaHocrpyKryp ue4u, cepe6pa u 3oJrora Ha rropr{croM KpeMur{rr, nnmoraroqux a ce6r
qacrllrlbr cy6nruxponnrrx patgMspoB AByx A[arra3ouoB; nJrorHo yrraroBaHHhre
AeuApnrbr; [opr{crbre rurerrKrr roaqunoft m2(X)nru ao I0MKM, HacJreAyroqle
uopQoaorr.rro rlcxoAlroro [opl{croro KpeMH[r; r.r KBa3]rcnllourrhre ruerrKn ronqunefi
uenee 200 HM, rroBTopffoqr,re penreQ cKeJrera nopr{croro fpeMnrrf,, Korophre
pacur{prror (pyrxqnona.rrnLre Bo3MoxHosr[ rrorryqeHrrl[r( Marepnalror n cQepe
gneKTporII4KtI Il (poronr.rrlr rro cpaBnelrruo c rroKphrrlrf,Mlr r.r3 yKerarrHrD( MeralrJroB Ha
MOHOKplrCTaJrrnqecKoM 4peMrr[n;

- ycraHoBJrenue nprrlrH ycwrcraus. cmu ra rou6nnaqlronHoro paccerHlrr KaK
rrrr3KoMoJre(yJr4pubrx, TaK r{ BLrcoKoMoJreKynrpIrED( coegunenufi, agcop6raponanuux
us ux QeuroMoJrrpHbrx pacrBopoB Ha [oBepxHocrr,r trorgbrrr4rr trr qacrfiq cepe6pa c
p{BMepaM}r, rrpruraArroxil{aMlr Ar{ua3orrau 60 ,qo 90 nu n or 500 4o 750 nu,
Koropbre BKIIIoqaIor n ce6r norarr.r3ullrrc rroBepxnocrrroro rrJra3MoHHoro pe3orrarrca B
HaHoqacr[rlax. [epBoro pa3MepHoro Afianasorra rr flepeorparrenne ros6yxgttroqero
ofiT}IqecKoro rr3JDFrerr[r MexAy qacTEqaM}I BToporo pa3MepHoro Ar4a[ra3oHa, qTo
HeBo3MoxHo rrpu [cnoJr63oBaur[tr rpaAlrqr{ourrlrx uorprmlfi, o6pasonanurrx
HaHOqacrI{IIaMI.,I Cepe6pa, oAHoMoAanbHo pac[peAeJreHHbrMH rro pa3MepaM ;

- pa3pa6orry IroKpbITI{fl I{3 AeHApI,rroB cepe6pa Ha ropzcroM KpeMHr4r4 H
pexolMoB ero BIByaJIu3aqHn Mero4ou lKP-cuexrpocKonllrllr c [crroJlb3oBaHl,reM
qpoAyKra pacrraAa e4 nuynoff MoJreKynhr ireamnra Snnuan4 nro Brurorb Ao
Iracrotlqero BpeMeHIlr ue 6bIJIo peaJlu3oBalro c }rcrroJrE3oBaHueM TBepAoreJrEnr,rx fKP-
aKTT.TBHED( HarroMaTepnaJroB;

- pa3pa6orry MeToAHKI,I SopnanpoBaHrrr uopncrbrx nJreHoK Hs HerarlrBHoro,
([otoperucm ,SU-8 c lcrroJrbsoBarrr{eM arrrorpaQrr rt.rcHerrrrr rrrraMrroM r{3
Margonopucroro KpeMru4r, o6paronauuoro yloprAoqeHrrlrM MaccrrBoM nop pa3M€poM
0,5-2,0 MKM, nocJreA)rrorqee rrofpLrrr.re KoropErr( clurorrrulrMr{ rurerrKilM}r us cepe6pa



VTV 3OJIOTA TOJIIIINHOfi IOO + 10 nu [o3BoJr.fler co3AaBarb [oAJro)KKr4,
o6ecneqr,rsaroufie [oBbrr[errr{e Boc[po[3BoAnMocrrr pe3yJrETaroB arrur]ga MeroAoM
fKP-cuerrpocKo[[[ MrroroKoM[oHeIITIrbIx xugrocteft, HalrecerrHhrx Ha ]rx
[oBepxHocrE, rro cpaBHeH]rro c rpa,q]rq[onrrErMu lKP-arffr.rsHErMr,r HaHoMarpnararrrvt
Ha oQHOBe HaHOqaCT[II MeTaJUIOB;

- ycraHoBJrerrr4e B3tMMocBf,3lr Mexgy agreuontroi [porrrrocrbro norprrrui ns
rraHocrpyrTyp ue4u, cepe6pa lr 3oJrora rra [opncroM 4p€Mrrnu or ero floptrcrocrtr,
naprupyrouleicr B rrpeAeJrax or 30 ,qo 85 %6, wo rro3BoJrnJro rroB6rcrrrb cra6nnrnocrr
rDrBcTBrlrTeJr6Hbrx sJreMer{roa sorouurrx ceHcopoB, oynruuorupyrorqnx na IKP-
e(pQerre, u parpa6orarr MeroAuKy [epeHoca cnoeB AJrr r[opranporanr.Lr Maccr{BoB
ru6rcnx gneKTporrpoBoArrrlnx MexcoeAr,rHeHr,rfi n MSMC ;

pa3pa6orKy MeToALIKI,I u o[peAeJreHue 3aKoHoMepHocrefi coBMecrHoro
ocax,qeHr.rr 3onora u cepe6pa MeroAoM MaflrErponrroro pacrrburerrr4r Ha
MoHorq)lrcraJrnuqecxuft rpeunufi c flocneAyrotru{M BrrrpaBJurBanneu cepe6pa N$. .

Qopur.rpoeanux Harrouopr{croro nor(pbrrrlr r,r3 soJrora u $opur.rpoaarus cno6oAuoft
ueu6panrr, a raKx(e ycrarroBJrel ,re cra6unrnocru ero qpyKrypHbrx r.r oneKrp]rqecKro(
napaMsrpoB B TeqeHlre 60 cyror, rrro or{pErBaer nepcrreKmBy paspa6orru rn6xrx
sneKTpoAoB AJII 3JleKTporlopaq[[, arrbreprraruBgED( qpeAJroxeHrrbrM panee 6ucrpo
oKr{cJrrrcruHMcfl rropucTbrM MeM6paHaM r,I3 MeAH ;

- pa3pa6orry MeToAHKI{ u ycraHoBileHr,re 3aKoHoMepHocrefi xHMHqecKoFo
oc€DrAeHrlt cepe6pa Ha rIoAJIoxKI,r r't3 Arrorcu.qa q4pKonr.rf,, trro rro3BoJr]rJro onpeAeJrr4:T6 ,
pexlrMbr r[oprr,ruponanur norqlunrfi l,I3 rracr]rq cepe6pa pa3MepoM or 250 lo 450 nrr,r c
rrJrorHocrbx) yrraKoBKr{ ot 4 Ao 8 ruxM-2, Koroplre npn ros4eficrnr.rr,t orrruqecKoro
ll3Jrfregr{r c Anunoft aongu 445 HM }r Morrurocrrrc 3,6-7,1 Brlcw2 o6ecnes[sanr
orcJralrBarrne 6uonnenox c rD( rroBepxnocrr.r 3a cqer r,rHryqupoBaHnoro cBeroM
uepexoAa 3apffia Mex,{y qacrt,rqaMfi cepebpa r{ MoJrer(ynaMr,r np}rnerarcrqero K nrrM
cnox 6r.ronnenKl{, He coqpoBo)KAtuouleecf, HexeJIareJIbHErM JIoKa!"JIbIrhrM rroBhlmenneM
TeMneparyphr, xapaKTepHbrM Ena [c[oJrb3yeMblx B rlacTorrqee BpeMt
anrubarrepvr a.nrnrrx norprrrufi Lrg HaHoqacrrq 6naropo4nux MerulJrJroB, 

'

r[ymquonupyoqr{x 3a cqsr floBepxHocruoro rurfftMonrroro pe3ouarrca.
B qenou rIoJDAIeHIrbIe Eougapeuro Ansoft BrramesHoft p$yJrrTarEr rro3BoJrlrJrlr

KoHrlenryaJrbuo pa3n[Tb arcryaJrbrroe Ha)FrHoe HarrpaBJrerrr{e s o6racrr,r
HiurorexHoJrorufr u naxouarep[aJroB AJrr gJIeKTpoH Kn u lporonr,rru, cocrorrqee
n paspa6orre Ha) rHEIx lr rexIroJIorFIecKID( ocnoB r[opur'rporaxm Harrocrpyrcyp
ue4u, cepe6pa lr 3oJrora Ha rroptrcroM 4peMrrlrlr t,t a[brepHarr{BnED( eMy rroAJroxKax,
KOTOphre pacufipr4Jr]r tDygxquoua-uurrre Bo3Moxuocrr'r fiorqlrrrufi us Srrasannrrx
Mgr{rJrJroB Nll, co3Aarr[r o6reuuo [rrrerpupoBaHHbrx gnercrpo[poBoArrq[x

MexcoeAr.rHeHufi enelrenros r MOMC; TBop,qor,eJrBrrErx ceHcopoB AJrr MoJreKympHoro
arl.arfi3a MeroAoM lKP-cnerrpocxorurr{; nopucrErx ueu6pan, nepcueKT}rBubD( AJrt



npHMeH e;g1vrfl, B KaqecrBe gJreKrpoAoB p^Irfl TpaHcAepMaJIbHofi AocraBKI{ JIeKapcrB

MeroAoM gJreKTpoIIoparlHH; A TarcKe AIrfl vrHlkrrryftrpoBaHHoro cBeroM yAaJreHIIfl

6uouleHoK c rloBepxHocrll croMarolornqecKllx o6rerros.

HaqalrHHK HafIHo-I,IccJIeAoBaTeJIbcKofi na6oparo pun

Haytro-BHeApeHqecKoro qacrHoro yHurapHoro

rpe.qnpvrflTl4fl, <<HVII4BTSK)), A. T. H., AoIIeHT Haconosa
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