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o $zquanrHoro orrrroHeHTa Ha Alrccepralll{o HHy}o p a6ory

Anronosa Arexcan.qpa Cepreenu.ra
<Irlsyueuue uopQolorzqecKux r4 gneKTpr4r{ecKr.rx xapaKTepr.rcruK Meranrr4qecKux nanonorprrrvft na

Au3neKTpr{qecKr.rx noAnoxKax MeroAoM cKaur4py}oueft ryuuemuofi uurpocKorrrrr4),
rrpeAcraBneHHylo Ha corrcKaHue yreuofi crerreHr.I KaH,{I{Aara $Nsuxo-lra:reMarl{qecKl{x HayK

no cflequanbHocr]r 01.04.07 - @usuxa KoHAeHcr4poBaHHoro cocrof,Hrrq

Anryalrnocrb reMbr Alrcceprarluu o6ycroueHa aKTprBHbrM ocBoeHueM coepeuennofi
nayroft r4 TexHoJrorusMr,r HanoMacrxra6noro Anana3oHa pa3MepoB o6rerros. ,{uccepraqns A.C.
Anronosa BHocr4T onpeAeneHurrft eKnal B rrour{MaHne u o6ocHoBaHue MeroAr{K r,rccJreAoBaHr.r{

nonepxHocreft c noMorrlbro crauupyrorueft ryunemnoft MHKpocKorII4LI (CTM) vr o6pa6orrcu
nonyr{eHH oft au$ oprnr aur4r4, rr o 3ToMy crIl4Taro pa6ory arrya-urnoft .

Kparrcraft aHaJru3 coAeplnaHus Ar{cceprarlrrrr c roqKn 3peHuq rpe6oeaHuft <<floloxenus
o [pnCy)I(AeHHIr yqeHr,rx C.IeueHe[>>.

Crpyxrypa Ar{cceprauuu rpalwJr{oHHa. Ona cocrotrr u3 BBeAeHI4s, Tpex rJIaB, ocHoBHbrx

pe3yrrbraroB r.r BbrBoAoB r.r cnr{cKa rlr{Tr4poBaHnofi rurueparypu. I4snoxeHa na 198 crp., coAepxur 72
pr4cyHKa u rqrb ra6;rraq. Cuucon rlurlrpoBaHnoft mareparypbl cocraBr'set 255 HauraenosaHufi.

Bo sseAeHuu o6ocHoBbrBaercs aKryanbuocrb Ar.cceprar\rrvr) (fopnayrupyerc.f, Ilenb I{ 3aAar{u

r{ccJreAoBauus, Sopnrylupyerc{ Hayr{Haf, HoBrr3Ha 14 3uar{I,IMocrb pe3ynbraroB pa6orrr, ux
o6ourosaHHocTb H AocroBepHocrb B orIeHKe aBTopa, npr4BoAflTcr Apyfr4e @oprira;rrirue cBeAeHr.rr o

Ar.rcceprauuu. flprano4xrcr raKxe ccbrJrKri Ha rpaHTbI POOI4 Lr Munucrepcrna HayKIr lr
o6pasonauur PO, B BbrrroJrHeur{I,r Koropbx yr{acrBoBan aBTop, rrro rBrqerctr KocBeHHbrM

noATBepxAeHrreM aKTyaJrbHocTrr TeMbr Ar4ccepTarlr4r4, nocKoJrbKy aKTyaJrbHocTb flBJrs.eT9fl oAHr{M I43

Kpr4repr.reB orleHKli 3afiBKH B KoHKypcnofi npoueAype nonyr{eHr4fl lpraHancnpoBarprfl.I43 yKa3aHHbrx

14CTOTIHI.IKOB.

I{e.rrr rr 3aAarru uccJreAoBauun c(popMynr4poBaHbr KoppeKTHo r,r oxBarbrBaror ocHoBHbre

H ayqHbre r,r [paKTur{ecKl4e pe3ynbTaTbl AI{ ccepTaIIIrH.

flepnaa rJraBa coAepxr{T auarv3 coBpeMeHHoro cocrorrrs, uecrreAoeaHnfi no reMarr{Ke

Ar4cceprarluu, o6wupnufi no o6reuy (ponHo Y+ gucceprauuu) Ho He BcerAa Kpr4Tr]qecKuit. LI:c,orlla
He noHflTHo, AJrr qero rrl{Tr4pyercfr Ta vrru uual ny6rna\ufl. - KaK ornpaBHa;r ror{Ka Anq

Aalrnefturux lrccJreAoBauwfr, KaK noATBepxAeHr4e pe3ynbraroB r.rccneAoBaHuft aeropa vrv c qenbro

Kpr4rr.rKr4 uoroNeHuft qr.trrapyerrroft pa6oru. Teu He MeHee, B pe3ynbrare o6sopa aBTop

KoHcrarr.rpyer neo6xo,{r{Mocrb AorronHrrreJrbHbx r4ccneAoBauuft ngapruoAeftcreuq 3oHAa c o6paeuou
s CTM, a raKxe AononHr4TeJrbHbx r,tccreAoeaul,rft Blrufllnvrg. TexuoJroruqecKlrx [apaMerpoB
nonyqeHuq uorprrrraft Ha r.{x crpyKTypy. OrcrcAa BbrreKaror 3aAaqu r4ccneAoBaHr4r.

Bropan rJraBa nocBflrueHa r.rccJle4oBaunro B3allMoAeftcreus 3oH,{a c noBepxHocrrrc o6pasua
e CTM, B qacrHocrr{, orIeHKe r,lruflHtrfl. TenJroBofo pacmr4peHr{r Ha Beruqr{Hy ryHHeJrbnoro 3a3opa.
Folee roro, rroKa3aHa Bo3Moxnocrb cMbIKaHI,Ig ero, B rIeM, Ira HaIx B3rn{A, cocroar oAr,rH Lr3

ocHo BHbrx Ba)KHbrx Har{Hbrx Lr np aKTur{ecKHX pe3ynbTaToB AHccepTarlr{u.
O.qnaxo HaqlrHaercs HraBa onsrb-TaKpr c o6:opa ocHoBubrx MeroAr4K rynHemnofi

Mr4KpocKonw ,r r43foroBJreHrTq 3oHAoB: erqe 15 o6sopnbrx crpaHr4q. llpranoanTcq Bo MHofoM
r,r3BecrHar uuSoplrauux, Koropa;r 6es yqep6a MorJra 6srrr 3aMeHeHa csbrirKaMr4 Ha

cooTBeTcTByloque nr.rTepaTypHbre MeToAr{Kr.r.
'Fesymrarbr MoAenapoBagr{s 3oHAa c noBepxHocrb}o o6pasua HarJrflAHo (puc. 30 - 33)

rroKa3brBaror Bo3MoxHocTb cMbrKaHrrf, TyHHeJrLHofo npoMexyTKa !r Bo3MoxHocTb MaccolepeHoca c
3oHAa Ha r4ccnegyeMyro noBepxHocrb. 3ro, ecrecrBeHHo, HeAonycrlrMo AJrff rrrrarHoro
(pyuxuraouupoBaHr4f, CTM, Ho, KaK orMeqaer aBTop, TaKafl cLrryaw4fl. Moxer lrMerb u
noJroxr4TeJrbHbre cropoHbr AJrfl Msgu$uxaur4pr iloBepxHocrn c noMorrlbro CTM.

flo lrarepnaJraM Aausofi fJraBbr rrMerorcs ABa ocHoBHbrx 3aMer{anvs. Ilepnoe Kacaercs
HeAocrarorrno y6e.uurelruoft apryMeHTarluu ueo6xoAr4Mocrr{ r.{cnoJrb3oBaHrr{ r.rMeHHo [oreHr{praJra
fyrra Anr MoAenr{poBaar.rr asalrlro4eftcrBufl 3oHA - o6paseu. MareuaruqecKoe BbrpaxeHue



loreHUl{ana coAepxl{T 5 Konctanr, MeroAr4Ka orrpeAeneHnr Koropbrx Lr coorBercrByrouue
notpelIrHocrl4 He rloscHflrorcg. Heo6xoAr4Mbrx clpaBor{Hbrx AaHHIIX {BHo HeAocraroqHo, no3ToMy
aBTop BbIHyxAeH 6rrl npu MoAennpoBaHlru 3aMeHr4rb pearrbnlrfi eonr(ppauonuft 3oHA Ha ue.qnrrft.
AAeKearHocm raxoft 3aMeHbI TaKXe He o6cyx4aercr. He uoxer lru raKas 3aMeHa cBecrlr Ha Her Bce
lpel,IMylrlecrBa AaHHoro rIoreHIIIdaJra, ecJrr.r raKoBbre raMerorc.f,? Ovenu4Ho, cJreAoBano 6sr
paccMorperb I{ Apyrl{e Bap[aHTbr orrr{caHlrq nsarauogeftcrBr.r{ 3oHAa c noBepxHocruo o6pasua.I4nu
aJrbrepHarr4e Her? Torla 9To Ha.{o o6ocrroearr.

Bropoe. Flox-cxeua u anropl{rlr MK-nroAenl{poBaHufl Ha puc. 29 Hnnrocrpr4pyror cKopee
npauuogeftcrBl4e BbIr{ucrI4TeJIbHbx cpeAcrB, a He JrofuKy MoAenr{poBaHr.rs. HenocpeAcrBeHHo
aIITopLITM rvro4elapobaHHfl cocTovlT vr3 AByx rryHKToB Ha crp. 96 H elue HecKorrbKr4x cTpoK Ha clp.
99, roroprlx HeAocraror{Ho, .{ro6rr npeAcraBr4Tb norurKy Qyu*uuour.rpoBaHr4r MoAenH.

Tperun rd'IaBa nocBflIIIeHa I4ccneAoBanuro uopSoJrorr{rz norprrrufi 3oJroro, cepe6po u xpoM
Ha cJIIoAe, B ToM r{[cre Spaxranruoro xapaKTepa norplrrxfi. llolyueuu rtrcrofpaMMbr
pacnpeAeneHlat III4KoB Ha rloBepxHocrl4 norprnnft. OnpeAereuu Qpaxra$nne pa3MepHocrr4
npoSunx D1, Lr noBepxHocru Dy (o6osnaqe*us. aeropa). llolyuen uurepecuufi pe3yJrbrar,
3aKrloqarcIllufi,cs. s roM, qro caMlr BeJII,IT{rdHbr $parr:alsHofi pasuepHocrr{ rBrsrorcf, clyuafturnr,rrE
lrl{cJraMr4, r{3MeHs}ouluMLrcs. rtpaKTut{ecKrd B rrpelerrax Bo3MoxHbx Ar.rana3oHoB: I ! DL 32;2 1 D1
< 3. Anrop [pLIBoAHT noJIf{eHHbIe I4M coorBercrByroque pac[peAerreHrz{ Berrusr4H (ppaxranrnrx
pasrr,repnocrefi.

Pesylrramr uccneAoBauur rraop6oJrornr.r rroBepxHocrcfi torprrruft, nonyreHHbre c noMorrlbro
CTM, npoBepeHbl H noATBepxAeHbr anbrepHarr4BHbrMr{ r,rccJreAoBaHr,rs rro MeroAr4Ke arouHofi
curoaofi MI4KpocKorIuu (ACM) e HiTITY <MI4CraC>. 3ro BceJrrer yBepeHHocrb B AocroBepnocrr4
nonyqeHHbrx pe3ynbraroB, TaK KaK (fparcra;rlnrre pa3Mepuocrr{ noeepxuocrefi u npo$ulefi
norprnuil, nonf{eHHbre ,{ByMs pa3nur{HbrMr4 MeroAaMr4, coBrraAaror B npeAenax ilorperrrHocrr4
pe3ynbraTa.

B groft xe rJIaBe [pHBeAeHbI pe3ynbrarbl I4ccneAoBaHr4s BoJrbr-aMnepHsrx xapaKTepr{crr.rK
(BAX) TyHHenbHoro KoHTaKra soi{,4-o6pa3erl. lloryueu naxnlrfi pe3ynbrar, cBr{AereJrbcrnylouuft
o6 ugueHenur,r BAX c yBgnuqeHueM rrpoAoJrxr4TerrbHocrn 3KcleplrMeHTa. Anrop o6rscnqer gro
TepMLIqecKLIM paoui{peHl{e 3OHAa H BO3MOXHbTM MaCCOlepeHocoM c noBepxHocTr.i 3oHAa Ha
lICCneAyeMOe [OKpbrTr4e, rrTo BbrTeKaeT u3 p*ynbTaToB MoAenr.{poBaH}.rfl, on}rcaHHbrx no nropoft
IJIABE.

OAnaro 3Aecb Bo3HI,IKaer JIorHr{ecKaJr HeyBs3Ka. Tepuuvecxoe pacunpeHr{e 3oHAa AoJrxHo
[IpI4BeCTI,I K yMeHbIxeHLIrO Berr,rqr.rHbr 3a3opa MexAy 3oHAoM r.r noBepxHocrblo Ir, KaK cJreAcTBr4e, K
yBenllqeHl4ro ryHHenbHofo roKa. llo pe3ynbraraM xe 3Kcrrepr4MeHToB rynnelrnufi ToK
yMeHbllraercs c yBeJILIqeHI4eM npoAoJrxr{TeJrbHocrr,r 3Kcrrepr,rMeura (puc. 63, 69, 70, 72). 3ro
flpoTr{Boper{r4e HrrKaK He KoMMeHTr4pyeTCs B Ar4CC epTarlr4r.r.

lIpN aualuse BAX ryHHenbHoro KoHTaKra W-Ag orMerreHo HaJrr4rrr4e 3ailpeqeHHoft 3ourr,
qro aBTop cBtr3blBaer c rlpl4cyrcrBueM oKcr.{Anofi urenKrl Ha noBepxHocru cepe6pa. B raxou cnyqae
B KoHTaKre W-Cr retr 6olee cneAyer oxr{Aarb noAo6soro oS$exra, Ho ero uer. llovelry?

O6paruaer ua ce6g BHI,IMaHue eure oAr4H pe3ynbrar, HI{KaK He rrporoMueuruponanurrfi
aBropoM, xacarou{ufict coorHollreHul $paxraJrbHbrx pa3MepHocrefi npo$nnq r4 noBepxHocrr.r oAHoro
I4 roro xe rloKpblrux. HanpnMep, Ha puc. 57 $paxranrHaq pa3MepHocrs upo$uns noKpbrrr4r 3oJroro
Ha cnroAe Dr : 1,89 N Dr = 1,85 (CTM u ACM coorBercrBeuno), rorAa r<ax SpanraJrbHbre
pasMepHocrl'I rloBepxHocrlI D1: 2,08 u D.f = 2,11 (CTM r,r ACM coorBercrBenno). To ecrr cnerra
Qpaxrar"luras iloBepxHocrb HMeer cr4JrbHo $parrantnrrft npo(prur. To xe Kacaercfl noKpbrrr4s
cepe6po Ha cnloAe (prac. 58). Pesynrrar sBHo HyxAaeres B KoMMeHTaprrflx, Ho r.rx Her.

O6Iuaq orIeHKa pa6orbr.
Crenens o6ocnosaunocrl,I v AocroBepHocrb HayqHbrx uo.rroxenuft, BbrBoAoB v

p eKoMeHAaqHfi , cS opuy;rupoBaHHbrx B Ar{ccepra rluu.
,{ocronepnocm pe3ynbraroe o6ocHoeaHa rrpHMeHeHr4eM pa3nr4rrubrx no $usnuecxurvr

npI4HIII4naM MeroAI,IK u o6opyaoBanus. (CTM u ACM) c xopoureft cxoAr.{Mocrrro. B qacrHbrx



cnyqasx pe3ynbraTbi .4l{cceprarlr4r{ cornac}'roTcr c r43BecTHbrMr{ !r3
gKClepLIMeHTaJIbHbIMI4 U TeoperuqeoKr,rMrr pe3ynbTaTaMr,r Apyfr4x r{ccneAoBaTenefi.

nr,rreparypbr

Hayvnar o6u{ecrneHHocrb IaMeJIa Bce Bo3Mo)KHocrr.r o3HaKoMr,rrbcf, c pe3ynbratavttr
colrcKareJlt H oIIeHI{Tb HX Ha 20 poccuitcKr.rx r4 MexAyuapo,qubrx HaWHbrx ron$epenqvr.flx vr

cLIMno3I4yMaxvB2l nylnuxarrywr,r.r3 Koropbx 9 n nayunrrx xypHanax r,r3 neper{Hr BAK.
Hau6oree cyulecrBegHr,re HoBbre HayqHbre pe3yJrbrarbr, [onyr{eHubre aBTopoM, Ha Harrr

B3fJrrA, CneAyrouze:
1, O6ocnonauue neo6xoAxMocrll frera refiJroBoro pacn[peHrrs 3oHAa CTM uoa AeftcrBr4eM

AxoyneBa renJra Ia s$(ferra Horrusreua. Pesyrsrarbr MoAeJrupoBaHr.rq ssarNaoAeficrBrzs 3oHA-
o6paseq rlo3BoJlrlor' r.rcKJrlor{HTb 3neKTprrqecruft KoHTaKT 3oHAa c noBepxHocrbro r,rccneAyeMoro
o6pasua B caMoM ue6naronpllsrHoM cnyqae l,t zs6eNarb r4cKaxeHr,rs pe3ynbraroB gKcrrepuMeHTa

BcneAcrBLIe BruflHvrfl, TglrnoBofo pacrilHpeHprs Ha BAX ryHHenbHofo KoHTaKTa B rrrrarHoM pexr.rMe
pa6oru CTM.

2. OnpegereHue Qaxropon, Bnplqrolr1ux Ha nop$onoruro npoBorrqr4x noxprnuft Ha

AI4DneKTpI4qecKLIX o6pa:qax [nfl ]rccneAoBaHr4{ rrocneAHnx c [oMorrlbro CTM, r{To Aaer
Bo3MoxHocrb, Bo-nepBblx, rroJryr{eur4f, rroKprnufi c 3aAaHHo[ uurpo- r,r HaHocrpyxrypoft rz, Bo-
BTOpbIX, O6eCue'{urb coxpaHHocrb un$oprvlaquu o rr,ropsonoruu ucclegyeuoft rroBepxHocrrl
Ar.rsJreKTpr{Ka.

flepevucneHHble pe3ynbrarbl HMeror KaK Teoperr4qecryro, TaK 14 [paKTr.rqecKyro 3Har{nMocrb.
O6rque 3aMerraH[n uo pa6ore.
Ilouunto npliBeAeHHbrx BbIIrre npr4 aHaJrrr3e coAepxaHr.rfl Ar4cceprarlfir{ KoHKperHbx

gaN{eqaHr4fi r{ BorrpocoB r4Meercs raKxe prA 3aMerraHraft o6qero xaparTepa.
1. Aerop He BcerAa rIpI4BoAI4T pacuu(fpoBKy r{cuonb3yeMbrx o6osua'reHuit u ue BcerAa

yKa3blBaer pa3MepHocrb I4crroJrb3yeMbrx BeJrr4rrr.rH. 3ro orHocr.rrcr, Hanpr.rMep, r ra6maqe 1,
coAepxalqeft naparr,lerpbl BbllxeynoMrHyroro noreHrluana fynra. B qacrsocrr4, HerroH-srHo, r{To

co6ofi npe.4craBntlor rlapaMerpbr p v q, Ha3BaHHbrMr4 B Aucceprauuu ynpynrMn rrocro.f,HHbrMr4
KpHcrann[qecrofi crpyKTypbr. Ouewr4uo, qro 3To He re ynpyrxe r]ocrosHHbre, Koropbre
TpaAI4IIpIoHHo s rlnsuxe rBepAoro reJTa fioHr,rMarorcfl noA grr.rM TepMHHoM, Koropbre r4Meror
pa3MepHocrb lr Korlx e o6qeM cnyqae 21. Toraa .iro sro?

To xe orHocuTct K BeJII4r{HHe N na puc. 34.Ilo-e[Au\aoMy, gro rrncro tracrurl B KJracrepe,
no o6 groM MoxHo roJrbKo AoraAbrBarbcr.

2. Anrop I4HofAa AeJIaer I{3JII{ruHe Kareropr4rrecKue vr HeAocrarorrHo AoKa3arenbHbre
yrBepxAeHl4s ll BbIBo4u. Tar, B pa3Aene <Ouronnrre pe3yJrbrarbr r{ BbrBoAbr) Ha wp. 167 aBTop
yrBepxAaer, lITo n o6pasqax xpoM Ha creKJre ne o6pasyrorcr (pparraJrbHbre crpyKT)?br. Ha uaru
BsfJrqA, Moxno foBopr.rrb Jrr,rrrrb o roM, r{To aBTopy He yAanocb llx o6Hapy}Kr,rrb.

O6cyxgax McrorpaMMbl paclpeAeneHr.r{ Bbrcor rrHKoB Ha rroBepxHocrr;r o6paruon (puc.
44,50), aBTop Aenaer BbIBoA o roM, r{ro (noBepxuocrb oAHopoAHa, Tr.rra nJraro)) (uur.;. r{ro noA
3TI4M [oApa3yMesaercx? Ecnu Bblcorbl Bcex nHKoB oAr{HaKoBbr rrilu ror{Tr,r o.U{HaKoBbr, To
rllcrofpaMMa LIMeJIa 6rr eIaA 4enrta-$yHKqr.ru r4nr.r crpeMurracb 6sr r seft. Eclu nHru paBHoMepHo
paclpeAeneHbl IIo Bblcore, il.IcrorpaMMa r.rMeJra 6u nug nprMoyroJrbHHKa r4nr4 crpeMr4Jracb K HeMy.

[uauasoir Bblcor -0,4 + 0,4 Hu, B KoropoM, rro MHeHHIo aBTopa, HaxoAuTc.f, 6omuruncrso
rrLrKoB, nlfipan 6es ecsxoro o6ocnoeaHr.is.

3arc.uroqenue. Cquraro, qro Arlcceprarrus AHroHoea Alexcau4pa Cepreenrlqa npeAcraBnser
co6oft Hayr{Ho-KBanra(fuxauuoHH}To pa6ory, pe3ynbrarbr xoropofi cnoco6creyror 6o:ree rny6oxorr.ry
loHpIMaHI4IO I{ O6OCHOBaHI{IO TaKOTO MeTOAa LrCCneAOBaHr,rf, noBepxnocrefi TBepAbrx TeJr, KaK
cKaHI4pyIOqas ryHHenbHaq Mr.rKpocKorrr4s Lr rlHTep[perarlr4r4 troryqaeMbrx c efo noMorrlbro
pe3ynbraroB, qro noBbllrlaer LIX AocroBepHocrb. Pesylrramr Ar.rcceprarluu A.C. Auronoea Moryr
paccMarpllBarlcs KaK BKJIa.q B pa3Br4Tr.re rarr4x HayK, rax Qa:una rroBepxHocrr4 r{ Qusraxa
KOHAeHCT{pOBaHHOTO COCTOtHr,rfi .

[ucceprau]Iq coAepxl4T Bce neo6xo4raubre npr.r3HaKr.r, npeAycMorpeHHbre u. 9 <floloxeirus
o nopsAKe npr4cyxlegr.rt yrreHbrx crenenefi>, BbrrroJrHeHa Ha BbrcoKoM HayrrHoM ypoBHe, coAepxr.rr
HOBbIe Hayr{Hble pe3ynbTaTbl Ir r{Meer npaKTr,rqecKylo 3Har{uMocTb, TeM caMbrM oHa cooTBeTcTByer




