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HYKJIEI4HOBbIX KI4C JIOT),

npeAcraBJleunoft Ha collcKaHue yreuoft creneHn Ralrtr1ararexHr,rqecKr{x HayK

rro cnell[anbHocrl,r 01.04.01 - upu6opu H MeroAbr oKcrepr,rMenralrnoft (fzsurr,r

[uccepraqrloHHat pa6ora llocurarrroit 9.:r'st CraHucnaeoBHbr [ocBs[IeHa oAsoft r,r3 cilMbrx

aKTytlnbHblx npo6leira - co3AaHr4ro n ycoBep[reHcrBoBaHr4ro ycrpoftcrn, o6ecneur,rBaroulux

MaHl,I[ynsqu[ c 6volorfiqecK[Mll o6terra:rara v rBJrsroqrrxcr ocnoeofi coBpeMeHHbD(

Ml4KpoaHzlnurlaqecKl4x cLIcreM. Oco6oe Mecro rrpr.r aroM 3aHr.rMaer pa:pa6oma KoMnaKTHbrx,

orHocpITeJIbHo HeAoporl{x, rryBcrBr,ITeJrbHbrx 14 e1p$errunHrrx Ar,rafHocrr,rqecKr.rx

rr,rurpo@nror4AHbrx yctpoftcre, npe,4Ha3HaqeHHbrx rnfl 3Kc[pecc-aHaJrlr3a 6raororr.r-recxzx

o6rexros. Tarue ycrpoficrna Moryr pa6otarr B ycnoBr,rsx orpaHr{qeHHbrx pecypcoB, oHlr

He3aMeHIaMbI Alts rIpI,IMeHeHIa.g B KJrr{Hrrqecro[ npaKTr,rKe, B npoqecce KoHTpoJUI 6egonacnocru
nIrIeBbIX npoAyKToB, npv MoHI{ToplrHre oKpyxarcqefi cpe4u vr Lp. Kax npanuJro, B 9Tr4x

ycrpoficrnax peanpl3ylorct HoBbIe fipr.rHrlr.rnbr ra MeroAr{Kr{ al1lanv3a 6raororu.recrr.lx upo6,
orpa6orra Korophx Bo3MoxHa B ycnoBl4f,x r{ccJreAoBareJrbcKr,rx la6oparopuit. 14 B groM cn}qae
nocrpe6onanHblMll tBrslorct cnoco6rr oneparr4BHofo 143roroBneHr,rr rraunpoSnroprAHbD(

ycrpoficrn LI3 HeAoporux rolII{MepHbIX Marepr4anoB, Ha Koropbrx npoBeprrorcr co3AaBaeMhre

METO,4I,IKI,I,

Ifenr Al{ccepraulaoHnofi pa6omr flocuurHofi A.C. 3aKrroqaracb n parpa6orne vr

aupo6aqun cuoco6os o[eparl,IBHoro r,r3roroBneHr.r.s rr,rurcpoQmo]rAHbrx ycrpoftcrn v3
rlonllMepubrx Marepl,IzrnoB Als MeroAoB irrorer<ylxpnofi AraarHocrr{Kr4 (aunnnQnxaquu v
pa3AeneHllg HyKneI,IHoBbrx xuclor) npl4 rlpoBeAeHrau 6uororra.Iecrux v MeAIrrIr{HcKrX
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r{ccneAoBaHrrft. OruoAa cneAyer HecoMHeHHat

Ar4cceprauraonnofi pa6ore r.rccle4onannfi .

aKTyaJIbHOCTb BbTnOJIHeHHbX

Crpyrcrypa n ocuonnoe corepxcquue Da6orur

,{uccepmqux cocrol,tr u3 Bne4eHI,tx, qerblpex rJraB, 3axrtoueuu.a, clrrcKa nl{Teparypbl,
BKrlouarcqero 163 HauMenoBaHras. Tercr Aprcceprarlrrr4 r43nox{es na I77 crpaHr.rqax, coAep)Klrr
60 Pracyuron,4T Ta6lrzq, 3 llpuloxenux.

Bo BnegenuN, c$opMynl,IpoBaHbl rlenb vr 3aAa.ufi r.rccJre,{oBanux, o6ocnoBanbr aKTynJrbHocrb
TeMbI AI4CC€pTaIII{I{' HayqHat HOBI,I3Ha I,I [paKTLIqeCKaiI 3HaqI4MOCT6 pe3ynbTatOe pa6OTbr, A

TaKXe [epeql4cfieHbr rIoJIoxeHH.fi , BbrHOCr4MbIe g4 3arrIHT].

lepnan rJraBa rlpeAcraBnser co6oft o6sop Hayruofi nr4Teparypbr rro reMe Ar{cceprauran. Ona
coAepxI,IT I,Icqep[bIBaIouIIae cBeleHr.rr o coBpeMeHHoM cocrosHvrvr rrccJre[osaHzft n pa:nunaeuofi
o6tactu I{ cocrol{T uz 7 pasge.IloB, B Koropbx rrplrBeAeH xparrzft o6sop 3Haqr.rMbrx pe3ynbraroB
n o6nacru co3l'anus. rvrlarpo$nrol,IAHbrx ycrpoftcrn, paccMorpenrr oco6enHocrr,r <<rauenrHoffr>

nrurpo$nrovll.vIKvl, Marepl{anbl LI TexHoJlorrdr4, Koropbre r,rcloJrb3yrorcr rrpl4 co3AaHHI4 TaKr{x
ycrpoftcrn, npoaHurnz3upoBaHhl MeroAbr rz cuoco6rr r.r3roroBneHrEx nauxpo$nrcr,rAubx rrnnoB
(MOr{), uogpo6no paccMorpeu MeroA <<usrxoft> nxrorpa(fzr4, rrpoaHaJrr43r,rpoBaHbr nyrIa ero
pa3Br4THs., o6cyN4enrt cnoco6rr qerenofi uo4z$uraqzu fioBepxHocru trurroB; npr4BeAeHbr
cBeAeHI{fi o MeroAax KonTponfl xapaKTepr{crlrK MarepvaJroB qrlrtoB rrp]r r4x uo4u$uraq[u. fraea
3aBeplxaercx Qoprr,rynzponrofi ocHoBHbrx 3a.qatr Ar4cceprarlrroHHoro r4ccJreAoBanr.rr.

Btopan rJraBa cocrofiT us 4 pazgelon. Ona rrocB.f,rrleHa oKcrreplrMeHTuurbHbrM prccjreAoBaHr,r-f,M

Marepl{i}noB Ant MOr{, cpeAl4 Koropbrx Marep}raJr, TpaAr{rIr4oHHo Hcrron6yrott\uitcs, B

uuxpo(pnrokr!;u:rre Ant MaKerl{poBaHr,rs ycrpoftcrn - nonr{Ar,rMerprJrcr4noKcalr (|I[MC) Sylgard@
184 (Dow Corning, CIIIA), a raKxe anbrepHarraBHbre oJracTr,rqHbre Marepr.ranbr: llenrgnacr@-7l2
MapKI4 A (OOO <Cunnronossre Marepr4aJrbr>, Pocczx), Lasil T-4 (Dow Corning, fepuaHux),
KPEOJI (OOO (CyP3JI), Poccrar), CKTH MapKr4 A (OOO <CrznuronoeHe Mareprrarrbr)),
Poccvlx). Kpoue roro, Ir3yqeHbl 3noKcr.rAuhre KoMnayHAbr: Resine Epoxy R123 (Soloplast
VOSSCHEMIE, Opauqux), II3O-221K u lI3O-510K3-20/0 (C|I6|TI,I(TY), Poccux). flpu
LIccJIeAoBaHI'If,x [pLIMeHeHbI MeToAbI cneKTpoMerprlrl v $nyopecqeHrnoft cneKTpocKonr{u;
MpIKpocKorIIrrIecKI4e I4 MaKpocKo[uqecKpre cnoco6rr r.r3MepeHr{fi Morynr ynpyrocrrl, MeroAbr
cKaHl{pyloqeft 6nnxuenonruofi, aroMHo-cr{lonofi u noH(poxa;lruofi la:epnoft Mr.rKpocKorrprr{;
orlTrMecKar MI{KpocKo[I{t; MeroA Karrr{nnrpHoro elerrpo(popesa 14 MeroA aunluSrEr<aquu
HyKneI{HoBbIX KI4crIor. PaccuorpeHhl MeroAu ruo,4rEqpuKarlnu roBepxHocru II.{MC Sylgard@ 184
c Uenbro co3AaHI4.s: SyHrcqlEonanbHbrx rpyln p.nfl uonyqenfir npoqHoro h repMerr.rrrHoro
coeAI'IHeHLIS Mexqy oneMeHTaMLI rrr{rr4 o6ecueqeHras rra4po$o6nocru / ru4po(fuJrbHocrr{
rloBepxHocru n QyHKULIoHzlJIbHbrx cnoeB Ans ynpaBneHrirs gneKTpoocMoruqecKLrM noroKoM,
rlpeAcraBneHhl pe3ynbrarbl npoBepKr.r Marepr{urnoB na unrn6upoBaHr4e nonr4Mepa3sofi qennofi
peaKrrr.rn (II{P).

Tpersn rJraBa Arrcceprarlu[ [ocBrrrleHa ]rccneAoBaHr{rM? cBr3aHHbrM c l,ro4ralpura\weftMeroAa
<rrasrKofi) nurorpa(pzra. Paccuorpenrr cnoco6rr [onyr{eHns (npoMexyroqHbrx)) 3nacroMepHbrx
pernl'IK, Koropble 3areM Llcrronrsylorcs. I'nr. co3AaHlrr rBepAbrx uacrep-$opM tr3 srroKcr4AubD(
KoMnayHAoB Ant rlpoAneHl{t pecypca rrnacrep-(fopMbr r.r3 KpeMHr{r u Soropesvrcra, a raKxe
rIppIMeHeHI4t MeTaJIJII{qecKLIX c[naBoB AJUI Macrep-Qopuu, cTpyKTypbr n xoropoft r,r3roToBJreHbr



MeroAaMr.r na3epnofi o6pa6orrcra. Oco6oe BHHMaHUo yAenrercr coBpeMeHHbIM MeroAaM

rroJrrpoBKr4 Meriuurr.rqecroft nosepxHocrlr rrocJre ra:epnofi o6pa6otru (ererrponHo-rryuenoft,

oneKTponurHo-rrna3Meunofi, MarHerpoHHoMy HarlbrneHrdro cJrotr xpovra), no3BoJI.f,IoIqI4M

yMeHb[rilTb rxepoxoBarocrb, coxpaHr.rB rrpu groM cSopvruponaHHbre MnKpocrpyKTypbr.

O6cyN4arorcr pe3ynbrarbr HccJreAonanuft ToqHocrr4 r{ Bocrrpou3BoAprMocrr.r pa3MepoB TecroBbrx

Mr{KpocrpyKryp rvracrep-(poprra r,r3 naryn}r JI60, JIC59-1, KoMnayHAoB IISO-221K,
IISO-510K3, Resine R123 tr ronfraeMbrx or Hrrx peiur.rK r43 ilAMC Sylgard@ 184.

PaccuarpuBarorcr pa3nlrqHbre cnoco6rr r{ MeroAbr repMerr.r3arl[fi MOr{ r{ rrpr{BoArrcr .qaHHbre,

roryqeHHbre [p]r npoBepKe ucnapseMocru 6y(fepHoro pacrBopa r.r3 peaKrlraoHuoft raueprr
Mr4Kporrr,r[a [pr{ TeMrreparypHoM pex}rMe r43orepMl{rlecrofi altnnrz$uxa\uv.

B.rerneproft uane rprrBoMTcr pe3ynbrarur aupo6aqrau M@I{ nppr co3Aanlrlr repMocra6umnrx
MaKpooMynacufr, r,rMr4Tr{pyrorlr4x fll{P-cnaecb rro cocraBy, Bs3Kocrlr v pH. O6cyx4arorcx
pe3ynbrarbr gKcrrepr4MeHToB rro perrrcrpaqu?r pr3oreprrlrrecxofi alruu$nraquu (no clrrHany

(pryopecqenquu) B KarrJUx) ABr4xryllr4xcs B TpaHcnoprHoM rroroKe Mr{HepanbHofo MacJra.

Ananusupyorcr AaHHbIe, [onfreHHbre rpu rocraHonre III{P na M@tI c peaKrlr4oHHbrurr

KaMepaMr,r npu o6uapyxeuzu $parueHra r[HK reHa GAPDH. llpune4enrr pffynbrarrr
uccregonauuft ro co3AaHuro ru6pu4noro MOq GIAMC Sylgard@ l84-crexno K8) [nfl
enerrpo(poperuqecKoro pa3Aeneuzr npo6rr. Paccrrrarpr4Barorcfi pa3nrlqHbre Bapr4aHTbr o6pa6orxra

MOr{, oKa3brBaro[u,re Bnr4flHvre Ha 3neKTpoocMorzqecrufi rroroK. 3rexrpo(poperrztrecKoe

pa3AeneHne npo6u Ha MOrI npoAeMoHcrpr.rpoBaHo Ha rrplrMepe pa:|IeneHr4q cMecra

onlrroHyKJreorrlAoB, MeqeHHbrx (pnyopecqenrHofi naerroft .

B 3arrro.reHlru c$opruynupoBaHbr ocHoBHbre pe3ynbrarbr Ar,rcceprarlnonnoft pa6orrr. B rpex
ilpunoxeru{ffx coAepxarcr AorronHprreJrbHbre cBeAeHr4s o pe3ynbrarax r.rcnbrraHufi uarepnalon
lr lr3roroBJreunbrx B npouecce BbmoJrHeHr,ra pa6omr o6pasqon.

Ocnosurnr pe3yJlbraroM ItccJIeAoBanvrs, rBr,rJrocb o6ocnosaHr,re .HoBbrx rroAXoAoB K co3AaHr.rrc

rrpororrlrroB MnKpo$mou4nrrx qr{rroB, o6ecne.rl4ealoilIrax Bo3MoxHocrb pacmupenl,Ls

accopTr,rMeHTa rrpuMeHreMbrx MaTepI,IanoB, a cJIeAoBaTeJrbHo - co3AaHLIe ycrpoficrB c HoBbrMrr

cnoftctnarvru, cHHXeHLIe 3arpar vI coKparqeHue BpeMeHI,I Ia3roroBneHr,r{ MrrKpoquloB B

na6oparopuhrx ycJroBrafl x.

HayqHas nonugna pa6orrr 3aKJllotlaercr n pa.:pa6orxe HoBbrx noAXoAoB K co3Aannro

Irpororl,Ilon rraur<po$nrcI,IAHbrx qlrnoB, n rrao4zSnKaurau MeroAa <usrxofi> narorpa$ura, B

o6ocuosaulall rIepcueKTlIBHocrI4 npuMeHeHr,rr oreqecrBeHHbrx 3rroKclrAHbrx KoMnayHAoB H

sracrlaqHblx MarepnanoB B MeroAax oleparrlBHofo r43roroBJreHrax uuxpo$nurAnbrx ycrpoficrn n

ycJIoBHflx IaccneAoBarenrcrcofi na6opar:oprau- Bnepnbre rroKa3aHa Bo3MoxHocrb AereKTr.rpoBaHlrt

$nyopecqeHIILII{ or orAeJlbHbrx MaKpooruyrscrafi B TpaHcrroprHoM rroroKe na rrazxpo(fJrroraAHoM
qulle.

3anreqanns

1. Hecuorpr Ha ro, tITo B IIenoM Aprcceprarlur npeKpacno o(popunena u :aarrkrcana

rptlMorHo, e Heft [p[cyrcrBylor He BnoJrHe yAarrHbre Qpa-:u. B .racrHocrr.r, Ha3BaHr.re

uepnoft ilIaBbI AlrccepraUl,Ir <Jlureparypnuft o6sop> rpeAcraBnfr.erc . He BrroJrue

KOppeKTHbrM.



2. flpr [ccJIe.4oBaHIrI,I xecrKocrl{ Marepr{urnoB MeroAoM ACM v rpr nonyqenr.rpr

uso6paxenuft ne yKa3aHo, 6rvtu JII,I plcrroJrb3oBar{br piL3H6Ie o6pasqsr, npr4roroBneHHbre no
oAttoft MeroALIKe, vIlrvr vccreAoBaHlds rrpoBoAr.rn[ rryreM nrr6opo.*rofo cKaurap oBalvrfl.
noBepxuocrz oAHofo o6pasqa.

3. K coxanerrlllo, B Al{cceprallvv npr4 orreHKe cMarrr{BaHr.rr noBepxuocrr,r rro r.BMepeHr,rro

yrna cMaquBaIJvIs. (rnana 2, ra6nwga 2.9) ue [pr{BeAeHhr raso6paxeuurfl.) Ha ocHoBaH}rr{

Koropbrx 3Ta oIIeHKa rlpoBoAlrrct. Karcuu o6parorra noMerrlanacb KarrJrr Ha noBepxHocrb
o6pasqa? 9ena onpeAerserct norperrrHocrb onpeAeneHLrs. yrrta cMatrr4BaHprs. (l-2%)?
cnonrro KarreJrb lr Ha cKoJrbrux o6pa:qax npu 3ToM npoaHa-uusuponauo?

4. I,Is rercra AI,IccepraIIuLI He tcHo, ocyrqecrBJrrJrocb nr4 TepMocrarr.rpoBaHr,re o6pa:qon upz
Lrcrrb(rauprsx, [poBeAeHHbrx c racnoJrb3oBaHr,reM snexrpoQope3a Ha uraxpo.rune?

Btrcxa-gauuble 3aMeqaHnfl.He Hoctr rrpr.rHrlr{ruranbHoro xapaKTepa r.r He cur.rxaror o6rqyro
rroJroxr{TeJrbHyro orIeHKy Ar,rcceprarlnonnoft pa6oru.

nocronepnocrr norry.renHrrx AaHHrrx onpeAenrercr rrpoAyMaHHbrM no46opou
unQopuarraBHblx MeroAoB LlccneAoBaHvrx, IeraJrbHoft pa:pa6orxoft rroAXoAoB K perneHr{ro 3aAatr

ALIccepraIIrIoHHofo vtccreroBa]Hv',, o6ocuoeaHHsrN{ nsr6oporu ucrroJrb3yeMbrx Marepl,IanoB.
lloy'rennrre pe3ynbrarbl Herrporr.rBopeqlrBbr, xopomo Koppenupyror c AaHHbrMrr,
rIpeAcraBneHHbIMI,I B nl4Teparype, u c pe3ynrTaraMr4 Apyrr{x rdccne,qoBarelefi. flory{eHHbre B

pa6ore pe3ynbrarbl o6cyxganucb Ha Me)KIyHapoAHbrx ra poccuficKr.rx HayqHrrx xon$epeHrlntrx,
ony6maxoeaHbr B peQepupyeMbrx )KypHaJrax, peKoMeHAoBaHHrrx BAK p(D.

flpe4noxen rIoAXoA, nosnonrrorqr.rfi ycoBeprxeHcrBoBarb MeroA <<rr4srKofi) lzrorpa$uu u
3aKrroqaloqufi,cs n ucllonb3oBauuu tna6,rroHoB (rvracrep-Qopu) u: MerarruqecKlrx crrJraBoB,

IIoJIyqeHHbIX MeroAaMI,I lasepHofi rrauxpoo6pa6orKr4, .rro o6ecneqllBaer cHr4xeHr.re BpeMeHlr t4

3arpar Ha I'I3roroBJIeHLIe rua6nona. Pa.:pa6oraubr r4 r{3foroBneHbr rvruxpo(fnror.rAHbre qrarrhr,

lpeAHa3HaqeHHble Ant zlMnnl{$urcaquu HyKnelrHoBbrx Kr4cnor, r43 rloJrr4Ar,IMerr{Jlcl,rnoKcaga c
I{HTerp[posaHHoft nonuole$unoeoft nnenrofi n uenxofi qurnoone$r4HoBofo conoJrr,rMepa,
nneHKLI yMeHbulalor LlclapeHl4e peaKrlr.ronnoft cMecr,r vs pa6ouefi r<aueprr MraKporrr{na r1p1a ee
HarpeBe I'I OXJIDI{AeHI'II{ Ao ypoBHt, o6ecnequsarcqefo npoBeAeHr4e rronr,rMepa3Hofi rlenuofi
peaKIII'Ifi. Ilpe4noxeH cnoco6 I{3roroBneHr{r Macrep-Sopr H nrrarpo$Jrror.rAHbrx rrrEnoB An{
SKcrIepI,IMeHTaJIbHhrx Iaccne4onanrafi (na nprzMepe peaJrr{3arlr4r,r MeroAa aruulnszxaqrv
HyKneI'IHoBbIX ruclor) v3 3noKcl4AHbrx KoMnayHAoB oreqecrBeHHoro rrpora3BoAcrBa.
Teoperuuecr<a-a 3naq[Mocrb LIccJIeAoBaHr4fl, 3aKJrroqaercr B pacnLrpeHr.rrr npe4craueunfi o
Bo3MoxHocrtx rvruxpoQnrol4AHblx texnoloruft, o 3aKoHoMepnocrsx Sopnruponanua vr

oco6eHnocrsx [pLIMeHeHI4t pa3nl{rrHrx uarepuanoB Anr a:narrvaa r{ pa3AeneHur HyKner,rHoBbD(
KIICJIOT,

Iloly'rennrre aBTopoM pe3ynbrarbl pa6omr Moryr 6rrrr ucuonb3oBaHbr Ha npeArrpvtsrprsx pr B
opraHH3allu-{x, 3aHl4Miuolu.xct pa":pa6orr<oft vt r,r3roroBJreHr4eM Mr{Kpoycrpoftcrs Ans
6raolornqecrux uccnegonauufi (AO <Hay.ruue npu6oprr>, Caur<r-flerep6ypr; HIIK
(CI4HTOJI), Mocrna; ooo <Jlasepnufi rleHrp>, caHxr-llerep6ypr il rp.), B HarrHhD(
na6oparopvtflx Lr BbIc[I]Ix yue6Hrrx 3aBereHvrx, rrcrroJrb3yrorqr4x MeroAbr agaJrlr3a HyKner,rHoBhrx



KrIcJIor, npoBoA-[Iql4x 6raotexuonomqecKlre paspa6orxv Lr roroBrr{r{x cleqpranvcroB B
coorBercrByloqEx o6'rracrgx: B Mocroecror4 rocyAapcrBenHoM yHr.rBepcr.rrere) canrcr-
flerep6yprcKoM rocyAapcrBeHuoM yHl'IBepcr{Tere, caurr-llerep6yprcnona rroJrrrrexHr,rqecKoM
yHI'IBepcI4Tere llerpa Beluxoto, I'IHcrraryre $yH4arraenranrHofi 6uonorrau ra 6norexHononrr{
cu6vpcroro oe4epalruoro Yuunepcratera, caHxr-rletep6yprcr<orrr rocyAapcrBeHHoM
yHI'IBepcI'ITere unSopMaIIrIoHHbrx rexHoJlofl4ft, uexaHuKr.r r4 o[T]rxz (Vnunepcr.rrer I4TMO),llucrzryre aHaJII'ITI4qecKofo upu6opocrpoeHr.rr PAH, caHxr-llerep6yprcrcoM HarlrroHaJrbHoM
I{ccJle'4oBareJrbcKoM aKaAeMI{qecKoM yHLIBepcI{Tere PAH (ArcaaeMu.recxufi YHnnepcurer).

B AficcepralluoHnofi pa6ore rlocrrrr-rrnofi fl.c. rpe.qcraBneHbr pe3ynbrarbr
rlccJle'4oBaHvft, no3eorfforllue ycoBepllreHcrBoBarb MeroAbr, r{cnonb3yeMbre rrp14 pa^:pa6orxe z
co3AaHI4I{ tuuxpoSmoI4AHbrx ycrpoficrn, tBJltlorrlr4xcr KJrroqeBbrMr.r 3JreMeHTaMH HoBbrx
upu6opon nn[' gKc[epI4MeHTaJIbHbD( uccne4onannfi e Szsure, 6uonoruz n MeAr'rIr'He.
flpe4craueHbl pe3ynbrarbl KoMrIJIeKcHbx r.rccJreronanuft orrrrrqecKr4x, Qusuxo- MexaHgqecKrix
ceoftcre sJIacrwIHbIX I'I TBep'qbrx [po3paqHhrx [oJrrMepHbrx Marepr4anoB, Koropbre Mofyr
I{crloJlb3oBarbcfl' IIpE co3AaHIau $ynrqaouaJlbnbx Ml,IKpopa3Mepubrx crpyKTyp Anr rrpororr.rrroB
uutcpo$nrollAH'rx qI'I''oB MeroAaMI4 <rrlsfKofi> ,',arorpa$a,u, qro 

"yrq""r""*rHo 
pacurr4pser

Bo3MoxHocrLI AaHHoro MeroAa. Paspa6oranrr v co3Aaubr sKcrrepr{MeHTaJrrHbre o6pa-rqrr
l'tltt<poSnrol4A'hD( qI{rIoB' Ha KoropbD( rrpoAeMoHcrpr,IpoBaHa Bo3MoxHocrb npoBeAeHr{rr
aunnra$r'rnaqzra HyKneplHoBbrx KI{cJIor vr enerrpo(foperuqecKofo pa3.qeneHr.rtr cMecr4
oJrraroHyKneoTpIAOB.

Ha ocHosaHpILI 3Toro Moxuo 3aKJIroqI4Tb, qro AucceprarluoHH ax palotacoorBercrByer
laclopry cneqplanbHourr'r dlpr6oprr rI MeroAbI oKcrreprrMenra-urHoft $usuru> 01.04.01 no
cneAyroquM rryHKTaM:

1' I'Isyveune SrsuuecK'X rBJIeHvft n npoqeccoB, Koropbre Moryr 6u* Hcnorb3oBaHbr Ar-s
co3AaHI'It [pI4HIII'In[aJIbHo HoBbx npz6opoe LI MeroAoB eKcnepr.rMeura6nofi $usraxu.2' Pa:pa6orxa v co3AaHI{e gKcnepr4MeHTaJrbHbrx ycraHoBoK rrrfl npoBeAeHr.rrr
sKCrrepr'rM eHTaJrbHhrx r{c cneAoB aH uit n p az liuqHhrx o oracrsx $ zs zxz.

[uccepraqvlo$Has' pa6ora llocuztuoir flu,l cranucnanoBHbr <paspa6orxa rr,ruxpo(fnrcr.rA'bD(
ycrpoftcrn Hs TI.JILIM.pHbIX MarepklanoB Anr aunrusHx ar\Lrr4 u pz*AeneHr4s HyKnerrHoB'rx
KI4cJIor) rlpeAcraBnser cooofi 3aKoHtreHHoe Ha).r{Hoe HccJIeAoBaHLre tro ar<ryalrHoft TeMarLrKe,
BbIrIoJIHeHHoe Ha BhrcoKoM HarrHoM ypoBHe. ocnosHrre noJloxeHr.rs Arlcceprarlr{r.r orpaxeH6r Buy6nuraqratx aBropa B pelleH3rlpyeMbx xyirnanax r43 crrrrcKa BAK po. Anrope(pepar uHayqHble uy6nunaqur't rIoJIHocrbIo orpaxarcT coAepxaHlre Ar4ccepr ar;,vv. conor<ynHocrrlonyqeHHblx rlocuutuoft fl.c' pe3ynbraroB, r4x anpolarynx Ha Me)r(AyHapo,4Hbrx vrecepoccHftcxrax rou$epeuqrarx, HoBpI3Ha, aKTyanbHocrb vr [paKTr{qeoKar 3Haqr4Mocrb
lpoBeAeHHbIX I'IccJleAonauuft rIo3BoJIsIor 3aKJrIotIHTb, qro Ar4cceprarllr.s orpaxaer BhrcoKylornalzQraxaqvro aBTopa.

fluccepraqploHHzul pa6ora TI0JIHOCTbTO yAoBJrerBopxer rpe6oBaHr4.flM II. g lloroxeur.r_f, orprcyxAeHl'In rreHhrx creneneft (yrn. flocraHoBrleHrrerra flpaeureJrbcrBa p4p or 24.09.2013 r. Ns842' (pe[' or 28'08.2017 r'), npe4r.trBrrreMbrM K AkrcceprarJrrflM, npeAcraBne'HbrM Ha



coI'IcKaHlIe yqeHoft creneHl{ KaHALIAaTa HayK, a flocuaruas f. C.3acnyxnBaer rlpucyxr enus eit
cTeIIeHI4 KaIJI.uI.aTa TeXHI{rIecKrlrx HayK IIo cleqlraJlbHocru 01.04.01 - npu6oprr 14 MeToAbr
gKcrrepr.rMenranrnofi (prsur<a

Orgrrs o6cyN4en u o4o6peu Ha 3aceAilruz ra(fe4prr Moreryrxpuoft 6rao(fz:nxra n $usnxu
rronr{MepoB 2l nox6px20I7 r., nporoKorr J\b 88.09/21 -04_09

,{orrop @rasnrco-ruareMarr4qecKr.rx HayK,
npo(f eccop, npo$eccop ra$e4psr
Molexynxpnoft 6uo(pz 3r4Kvr v Susrxn
IIonr,rMepoB

| 9903 4, Caur<r-llerep6ypr,
Ynznepcr.rrercKtur na6 epexuax 7 -9
http://spbu.ru
+7 (812) 42843-88; rlkas)'anenkc@sBbu.ru

3aeelyroIqHfi rca(f e4poft Monercynxpuoft
Ouo$usnxu n (fusuxn [onr.rMepoB,
AOKTOp $HSr.rXO-rr,rareMaTHqecKr.rx HayK, //, // ^ /upoSeccop ///ftP}r' \ I-{nerron Huronaft Burroponr.ru

@e4epanruoe rocyAapcrBeuHoe 6roAxernoe
o6pa-:onarenbuoe yqpexAenrre Bbrcurefo
o6pa-:onauvrx <Canxr llerep6yprcxufi
rocyAapcrBennrrft yHprBepcrdrer>,

| 9 9 03 4, C aur<r-llerep6ypr,
Yun nepcrarercKiur na6 epex:aal_ 7 -9
http://spbu.ru
+7 (812) 328-20-00, e-mail: sobu@,spbu.ru
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