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OT3bIB

ne4yrqefi opraHl43 a rlvrvr Ha Alacc epralllaoHrryro p a6ory Tuuoqyra Knpnll a

I4ropenuua <<MeroAkrKr4LrccreAoBaHr4fl M.TITKLIX o6terron B aroMHo-cnrosofi

Mr,rKpocKorrvrvr>>, npeAcraBJreHHyro Ha co[cKaHLIe yvenoft crerIeHI,I KaHAI{Aara

Qusuro-uareMarr{rrecKr/x HayK no c[erlkrztrlbHocrrl 01.04.01 - flpu6oprr n

MeroAbr gKcrlepn MeHTarIbHo it $uzurcu

Teua npeAcTaBnennofi K 3aIrIlITe ArIccepTarI$V, 6eaycnonHo, tBJIf,eTct

aKTyaJrbHofi. B nocJreAHee Bper\ffi MeroAbI aroMHo-curosofi MuKpocKouuLI

(ACM) Bce rrarqe ucnoJrmyercr Anfl. rrccneAoBanur xapaKTepI,IcrLIK He

ToJrbKo rBepAoro reJla, Ho u 6uonorllrecKl{x o6terron, n oco6eHnocrz

)KrlBorHbrx KJreroK. SQtperrzBHocrb ACM npv IlccJleAoBaHlzu TaKLIX

o6terrog noArBepxAaercfl 6onruruu KoJlllqecrnou ny6nuraqufi no srofi

TeMe. B 6uorr,re,qrdqr{He nocrpe6oBaHbr MeroArIK}I r43yreHvfl. r4HIr4BvrAyzlrIbHbIX

KJreroK c noMorrlbro ACM. CranoereHze raKux MeroAI4K TopMo3lIT

HeAocTaToqHoe rIoHI,tMaHLIe B3aI4MocBrrzeit Mexqy csofictsaN'Ill

(reorvrerpvqecKuMt4 vr MexaHlrqecrmuu) vr QyHrquoH€uIbHbIM cocro.aHLleM

KJreroK, HeAocraro.rHsrfi ypoBeHb noHrrMaHLIt xapaKTepa nsaplMoAeitcrsufl,

ACM-SoHAa c MtrKI4M o6lerrou, a TaK)I(e HenoJIHoTa un$opvra\Vv o6

"to'"Ze*mo=,-

v:a4vrBn4y€ulbHoM ycrpofi ctBe KJIeroK.



,{zccepraqzoHHar pa6ora Tvuoulyxa K.VI. rocB.rrqeHa co3AaHr{rc

HoBbIX MeroAzK aro no-cznosofr MrlKpocKorrvrv\ cuoco6crByroqnx

o6ecneqenzro aAeKBarHocrLI pr3MepeHr4r MexaHr4qecKr.rx [apaMerpoB

(ae Q opuarlur4, )Ke crKocrpr, MoAyn-fl yrrpyrocrz) rvrrrxux o 6rexroe.

Pa6ora cocrol{T v3 nne4enur, 5 fJraB, 3aKJrroqeHz.fl LT crrrrcKa

nr.rreparyprr. CnucoK nr4Teparyphr coAepxzr 1 5 8 Har4MeHoB asnfi,.

Bo eeedeHuu Lr3rrox(eHbl rlenr4 Lr 3afta.rv pa6otr, o6ocHogHBaercr ee

aKTyanbHocrb. llpe4cranrleHbr cBeAeHr4{ o6 anpo6arJvrr4 pa6oru v orrr4cana

rlp aKTr{qe cKar 3 HaqLr Mo cTb rro Jry{ eHHbrx pe3yn bTaTo B.

B nepeoil ettale rrpeAcraBJreH no4po6nufi o6sop pa6or ro reMe

ALIccepraIILII4. OnvcaHa Harr4BHafl KJrerKa KaK o6leru I4ccJreAoBaHvrfl.)

oco6enHocru upLIMeHeHI4-r ACM B HccneAoBaHr4vr MexaHlrrrecKrrx

rlapaMerpoB )KI4BorHbIX KJIeroK, MexaHlrqecKlre MoAeJrLr Anfl alaalrnsa ACM

AaHHrIX. O6cyx4aK)Tct Aocrol{HcrBa vr HeAocrarKr4 LrMeroulr4xct MeroAoB r{

uonerefr.

Bo emopoil enaee Allcceprar\uv onr4caHbr AocrolrHcrBa Lr HeAocrarKrr

Han6oree qacro ?IclonrcyeMbrx pe)Kr{MoB pa6orrr ACM: KoHTaKTHoro 14

6ecrconraKTHoro (xor4a sou4onrrfi Aarqr4K Kacaercr, urccneAyeMoro o6pasqa

JITIITIb KpaTKOBpeMeHHbrMr4 LrHTepB€rJraruU). oUZCaH UO4pO6UO aTOMHO-

czrosofi MklKpocKorr Bruker Bioscope Catalyst, rcoroprrfi crequarrbHo

oIrrLIMI43I4poBaH Arrfl. pracneAoBaHlrr 6uororrzqeaKr4x o6lexros u roroprrft

rlcrloJlb3oB€ulcr B Avrcceprar\ur4. OuzcaH TaKxe cuequalrHufi

KBiBlIcraruqecrcuir pexlrM pa6orrr ACM PeakForce QNM, paspa6orauuuft

Anfl rrccneAoBaHLrfl. 6zororz.{ecKr4x o6rerroe. B Aansofi rJIaBe

rlpeAcraBJleHbr Lr HoBbre pe3yJrbrarbr: BBeAeHbr tronflTug. "cKorb3Kr.{fi" LT

"rLrlKllfi" KoHTaKT, p€BnI4rrarcql4ecr BKnaAoM HopManbHbrx u JlareprlnbHbrx

crrJr B usrn6 KoHcoJrrr KaHTLrJreBepa. llpeAJroxeHbr MeroArrKrr coprr{poBKr4



M.rlfKrrx o6rexros rro [pLtHrIVny <<nk[rKoro-cKoJrb3Koro)) KoHTaKTa c ACM-

3oHAoM, Koropbre cuoco6crByror aAeKBarH otrt uu eplperarl vvr pe3y nbraroB

ACM- uguep eHzfi MexaHLr qecKrrx n apaMerp oB M.rrrKLrx o 6rerroe.

B mpemueil zra*e pa6oru orrr4caHa paspa6oraHHas aBTopoM

ALrcceprarlnkr MeroALTKa o6ecue.reHzs eArrHcrBa ACM-zgvrepeHzfi

MexaHLrqecKl4x rlapaMerpoB KJreroK. llorcasaHo, qro rrpz onpeAeneHlTra

e$SerrznHoro MoAyu IOHra Harr4BHbrx KJreroK neo6xo4r,rMo yrruTbrBarb

OTHOIXeHI4e AILIHbI 3OHAa K AnI'IHe KOHCOnT4 KaHTLrJreBepa, 14 rrro Harlrqne Lrnkr

orcyrcrBr4e 3aBLrcrrMocrrr- MoAyn-f, lOura or ororo orHorrreHlrr Mo)Ker

cnyxlTTb KpIZTepI4eM pa3AeJlelaug. KJIeroK Ha ttrLIrKvre" r4rr4 "cKorb3KI,Ie" tto

orHorueHLTro K MarepkraJry 3oHAa. Vcrauoereuo, rrro rrpv orcyrcrBLILI

zHQopvraryuu o6 yAenbHoM BKnaAe narep€LnbHbrx r4 HopManbHbIX KoMrIoHeHr

cr4Jrbr B3ar{MoAeitcrsus ACM-soHAa c o6pasqona, cneAyer Anfl vrc1gtenurl^

MexaHr4rrecKr4x napaMerpoB o6pa":qa nrr6Hparr ACM-rcaHrHneBepbI c

MI4HI4MaJIbHbTM OTHOIIIeHIAeM Anr4Hbr 3OHAa K AnI,IHe KOHCOII4 KaHTI4JIeBepa.

B vemeepmoit ua6e ALIccepralluu olucaHa raKxe HoBafl

rrpeAnoxeHnafl, aBTopoM MeroAuKa aroMHo-cHnosofi MI4KpocKorILILt,

rroBbrruaroqar AocToBepHocTb r43MepeHHt MexaHLIqecKI4x [apaMeTpoB

6uororu.IecKl4x o6rerros. llpone4eHa aepufl, SKcrIepLIMeHToB,

rroKil3brBaK)rrlar, rrro B cpeAHeM zsruepeHnrrfi MoAyJIb lOnra HarI4BHbIx

$u6po6nacroB rrpaKTrrtrecKr4 He 3aBrrcr4T or BpeMenz ACM-cKaHI4poBaHvrs., vl

npaKTrlqecKrr He u3MeH-sercr npr4 noBTopHoM cKaHI4poBaHVr4. lloxasaHo

TaKXe, qro B cpeAHeM r43MepeHHrrfi uo4ynr lOura HarI{BHbIx Qn6po6JlacroB

3aBLrcvrr or BeJluqr4Hbr rrlrKoeofr clrJrbr ACM-unAeHTHpoBaHvrfl LI He 3aBncvr

oT rroJroxeHvrfl, Sorcyca na3epHoro n1n{a Ha KoHconu ACM-KaHTI,IneBepa.

B namoil era6e pa6orrr c rloMolrlbro paspa6oTaHHblx aBTopoM MeToAI,IK

nonrreHbr [paKTr{qecKue pe3yJrbTaTbr - [poBeAeHo LIccneAoBaHUe AeI4aTBLIfl.



KOJIXI4IILIHa Ha HeKOTOpbIe HaTUBHbIe KJIeTKH, IIOKEBaHO, rITO rIpI{MeHeHI'Ie

KOnXUqLTHa yBenzqr4Baer MoAyJrb yrrpyfocTrr 14 yMeHbrrraeT AeoopMarlr4ro

Harr{BHbrx Qu6po6nacrepoB.

B s aKnrcraeHuu npeAcraBJreHbr ocHoBHbre pe3ynbrarn pa6oru.

Anrop e Q epar Ar{c c eprarlnr4 co orBercrByer e e c oAep}KaHLr ro.

Pa6ora [peAcraBfl-f,er pe3yJrbrarbr, [oflyrreHHbre Ha crblKe HayK

$nzuxu, MexaHlrKz u 6uororzz. lloryreHHble pe3ynbraru pa6orhl MoryT

6rrrr [crroJrb3oBaHbr B ACM-ptccneAoBaHwrx ceHcopHblx uefiponon u

3pr4Tporlr4ron, Sz6poJlacroB I4nLI noAo6Hrrx rLIIroB KJIeroK.

PenoprvreHAarluu [o [crroJrb3oBaHrrro pe3yJrbraroB AlrccepralllroHHoro

[ICCJIENOBAHIdfl.

Pe:ymrarrr 4aHnofi pa6oru Mory 6urr IroJIe3Hbr LIccneAoBareJItM B

o6nacru ACM s CaHrr-llerep6yprcKoM rocyAapcrBeHHoM yHr4Bepcurere,

Mocroncrcorvl rocyAapcrBeHHoM yHlaBepcl4Tere LrM. M.B. JlouoHocona,

Caurr-llerep6yprcKoM rocyAapcrBeHHo 3neKrporexHl4rlecKoM yHl{Bepcurere

dI3TI4) HM. B.VI. Vrrr-f,Hoea (JIenzHa), n KoMrIaHkIt4 HT-MAT CI4,

Vpalrcrcou Se4epanbHoM yHr4Bepcr4rere pIM. nepBoro llpesz4enra Poccztz

B.H. Enrqzna, Kasaucrou (llpunonxcr<ovr) Qe4epanrnou yHrlBepckTrere,

Ynznepcurere ZMTO, (DzsllKo-rexHuqecKoM LIHcr?Iryre uM. A.O. I4oSSe

r{M. I4.n. llauona PAH, HayuHo-

fpr4nrra r.rM. A.A. Cvropo4uHlleBa

Munucrep crBa 3Ap aB o oxp a;neHLrf. Po c cuft crofi @ e4ep ar\Lrvr, llerep 6yprcKoM

r,rHcrr4Tyre x.4epHofi Qusurz I{M.

<Kypuaroncrzfi r4Hcrvrryr> tt AP.

PAH, I4rtcruryre

LIC CJIe.IIOBaTeJIb C KOM

@uszororrzu

r4HCTrrTyre

E.fI. KoucraHrl4HoBa (IIJ;I'flO) Iildl



Cpequ MeJIKTIX HeAocTaTrcoe pa6oTbl Molr(Ho oTMeTIITb cJIeAyIOqee:

1. Ha pucyHKe 4.3 (crp.87) cne4onaro 6rt cAenarb rIoAnI{cI4 Ha octx

KOOpALTHaT (rarc ero cAenaHo Ha Apyfl{x pncyHrax).

2. flaparpa$ 4.2.4 pa6oru nocBtuleH BbI{BJIeHuIo SIIeHKH BKnaAa

Qarropa ronolr(eHvrfl Ha KoHcoJrLr rorrKr4 Qoryca na3epHol'o nyqa cl4creMbl

perr4crpaquu ,qeQopnraqufi KaHTprJreBepa. OrI4cana ceplrfl,3KcnepzMeHroB, Ho

ner o6n,qc:glertuir c KaKofi norperrrHocrbro onpeAenqerc-f, 3Ta roqKa $oryca.

3. B pa6ore r,rMerorcr orerrarKlr u He oqeHb yAaqHble BbIpax{eHLIr.

Hanpuruep, B BbrBoAax rJraBbr 5 Bo 0p*" "...npuvteHeHue KoJIXI{IILIHa

HeoxI{AaHHo yBeILIqI,IBaeT MoAyJIb lOsla..." He coBceM yMecTHo cJIoBo

"neoxIaAaHHo".

Pa6ora AoJIoxeHa aBTopoM Ha 3ace4alnvllr rcaQe4pbl TeopeTu'{ecKo[ I4

rrpr{KJlaAHoft uexanuxu 14 nor6px 2019I, rporoKor Nq 79.08/20-04-8.

3aK"[ro.reHue

B qenou Ar4cceprarlLroHHaf, pa6ora <<MeroAzKLI t4ccJIeAoBaHH-l M.[rKLIx

o6repos B aroMHo-cpuosoft Mr{KpocKotTvru>> [peAcraBJlf,er co6ofi

coAepxaHl{e paoorbl.

[uccepr:a:qut rIoJIHocTbIo oTBerraeT rpe6onauvIflM' LT3JIoXeHHrIM B

ro 14 lloroNeHzq o rpr4cyxqe[prr4 yqeHbrx cteleHeft,

flocranonrleHl{eM flpanurelbcrBa PO J\b 842 or 24.09.2013

r. (pe4. or 01.10.2018), a raKxe IIyHKTaM 2 u 8llaclopra crelll4anbHocrl4

BAK Susur<o-naareMarlrtrecKr{x HayK rlo cneqnaJlbHocrl4 01.04.01 dlpu6oprr

7 MeToAbI gKcIIepLlMeHTaJIbHofi Susur4rt, d ee aBTop, Tnuolqyr Knpuln

I4ropevuu. AocTo?IH np cPKAI:rzA yrenoft cTeIIeHI{ KaHAuAaTa $zszro-

3aKoHrreHHufi nayuHo-KB€urusunaqzoHnrrfi rpyA. Marepz€ulbl ALIccepraIILIH

rlpeAcTaBJIeHbI B ABeHaAIIaTI',I

BKJrrorIeHbI B lepeqeHb BAK,

[errarHbrx pa60rax, qerblpe vB Koropbrx

vr 6sutu npeAcraBJIeHbI B AoKnaAax Ha 8

Me xAyH ap oAHbIX u p o c cuitcKLIX xoHS ep eH rJvrflx.

AnropeSepar He rlporl4Bopeql4r Al4ccepral\W v orpax{aer ocHoBHoe

[yHKrax c 9

yrBep)KAeHHOfo



MaTeMarr4qecKr4x HayK rro cneqraJlbHocrl,I 01.04.01 - Ilpz6opbl I'I MeroAbI

oKcrlepuMeHT€ulbHofi Qusuxu

orgHs cocTaBJreH npoQeccoponr ra$e4prr reopeTurlecrcofi Lr

npr4KJraAHoft u exaHvI ru Q e4epaJlbHoro Io cyAap cTBeHHoro o6pas onareJlbHolo

yqpex(AeHl4t BbICI[EIO o6pasonanur << C anxr-flereP6YPrcrcuil

rocyAapcreeHHrrfi yHl4Bepcurer>, A' 0' -M'H E ayep C'M'

Orsbrs 3acnyuraH, o6cyN.4eH II yrBepxq{eH Ha 3ace$aHl/-lr'r raQe4prt

TeopeTl,Iqecrofi 14 npurna.4Hofi MexaHI4KlI MaTeMaTI4KO-MeXaHI',IqecKofo

sarynilera cII6fY, rporoKol Nq 79.08/20-04-9 or 28 Hor6pa 2019 r'

[orrop Qu:-var HaYK,

nposeccop Uffir/fu

3ane4yrorqrafi ra$e4Poft

Teoperllqecroft u [puKnaAnofi uexanuru,

AoKTop $us-l,rar HaYK, uPo$eccoP

EsreHreeuq

CeeAeHu-f, o ne4yIqefi opraHla3allull: @e4epanuroe rocyAaPcrBeHHoe

6roAxerHoe o6pa:oBaTeJrbHoe r{pexq eHr4e Bblcllrer.o o6pasoeasuq "caurct-

Ilerep6yprcr<uft rocyAapcrseHHrtfi yHl4Bepcurer", r' CaHrr- flerep6ypr'

yHueepcurercKar na6epexn ax, p,.7 19; 3rI. Iloqra: spbu@spbu'ru; Be6-cafir:

http: spbu,ru; ntk/ +7(8 12) 328-97 -01

Bayep CeerraHa

MuxafirosHa
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