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3 Apt)rc e uu o ti Kannu 6 o 6 H etuHl.,tx 3r e Kmp o c mamuq e c Kux no ilflx D,

rlpeAcraBneHHyro Ha col4cKaHkre yueHofi crerleHl4 KaHApIAara Szsutxo-MareMarkrrrecKr{x HayK

no clleql4€IJlbHocT'n 0I.02.05 - <MexaHI{Ka )KVAKocrkr, ra3a r{ frnu13Mbr)

Arcrya.rrbHocrb. lzccepralll4oHHa.f, pa6ora [ocBqrrleHa rzccneAoBaHr4ro ycrofivuBocrr4

3aptxeHHblx KarIeJIb BO BHerrrHI4x SneKTpocrarurrecKkrx rroJrrx. Boupocrr ueycrofiqkrBocrr4

3apflKeHHbIX KafIeJIb I4Meror 6olrmoe [paKTLIqecKoe 3HaqeHr4e Bo MHorrlx olrac1;;4x HayKLr Lr

TexHorlofpru, cBt3aHHbIX C sneKTpoAI4 Crrepfr,rpoBaHr.reM xz4xocrefi. llonyuaeMbre raKr4M

o6pasovr 3apsx{eHHbre MenKoAl4crlepcHbre agpo3onr.r HaxoArr rrpr4MeHeHkre B

3XeKTpOCTarI{rrecKI{x ocaAI4TeIrflX, foMoreHr43aropax Lr kroHHbIX ABzfareJr.f,x, fIpII HaHeceHr4kl

naKoKpacorrHbrx Marepkl€LIIoB, a raK)I{e B CeJrbcKoxosqficrseHHofi TexHprKe. KoHrponupyeMoe

I'I3BJrerreHI{e 3apDKeHHbIX rracrl4ll C rroBepxHocrr4 xra4rocrefi fro3BoJrrer co3naBarb

HaHocrpyKTypbl r43 paclnaBoB MeraJIJroB c rpe6yeublMn xapaKTepkl cr1aKaMr.r H rrJreHKr4
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KarzLlII4TI{qecKI4x rIoKpbITI4it 
^ltg 

TorrJII4BHbrx SrIeMeHToB. Heo4uopoAHble gneKTpocrarrlrrecKrre

rIoJIt cnoco6uu cHI4)Karb rlopof pa3Burvfl Heycrofi-rzeocrefi KarreJlb, rrro Mo)Ker oKa3arbct

nocrpe6oBaHHblM Int ycoBeplxeHcrBoBaHla.t MeroAI{K reHeparlrir4 MeJrKoAr4crrepcHbrx aepo:olefi

- KaneJrb Mt4Kpo- Lr, B orAerrbHbrx cnrraqx, HaHo-MerpoBofo pa3Mepa.

Crpyr<rypa Auccepra\Lrkr. O6rena Al,rcceprarJprv cocraBrqer 215 crpaHr.r{, BKJrroqa.s

cilI{coK nl4reparypbl uz 132 HayrrHbIX pa6or, 4 ra6tullbl rI 66 pvtcyHKoB. {ucceprarJvrfl cocrotrr

Lr3 BBeAeHI4q, rrerblpex fJIaB, 3aKrloqeHuq ("Pesylsrarbr kr nsrno4sr"), clLIcKa UI,ITT{pyeMbrx

ny 6 rruxa\uit u rpunox{ eHkrfl..

Bo nne4e:anvr o6ocnosblBaercq aKTyanbHocrb reMbr r.rccneAoBaHLrfl, r43Jro)KeHbr ero rrenr4

z c$opnaynl4poBaHbl 3alauu. larua rauSopMallklt no arpo6a\uu pe3ynbraroB pa6ortr rr crerreHr4

vrx AocroBepHocrl4. C$opvrynupoBaHbl HayrrHble ilorolxeHl4q pr pe3ynbrarbr, BbrHocprMbre Ha

3aIqI,ITy. IrlsroxeHbr pe3yJrbrarbr, olpeAen-rrrcur4e HayrrHyro HoBr43Hy rdccneAo Bal:zfl.

B nepnofi rJraBe rlpeAcraBrleH o6sop nr.rreparypbr, pa3AeneHurrfi Ha ABa pa3Aena. B

rIepBoM pa3Aerle AaH o6:op ua6moA eruuitt sneKTporl4ApoAl4uatvrz.recrcofi ueycrofirrr4Bocrkr

xHnKux KafIeJIb, IJarrvHafl c caMbIX paHHLIX v ocHoBotronafarolqprx pa6or, 3aKaHrilrBag.

coBpeMeHHbIMI{ IeranbHbIMI4 3KcrIepuMeHTiLIrbHbIMr4 r4ccneAoBaHr4qMrzr. Bo BTopoM pa3Aene

IIpeACTaBJIeHbI MeTOIbI I{ IIOAXOAbI K AHAJILTTLITIeCKOMy r,rCCneAOBaHr4ro KpHTepr,reB peanlr3arlkru

ueycrofirrl4Bocrefi nonepxHocrl{ Karlerlb. llpone4eH anarru3 ycnoBr4fi upzueHr4Mocrkr pa3nr,rrrHbrx

ITOAXOIOB K OfII4CaHI{IO fIOBeAeHI{fl 3apfiKeHHbIX KafreJrb Bo BHerrrHI,IX 3neKTpoCTarr{r{ecKr4x

IIOJI{X.

Bo nropofi rJraBe LlccneAyercfl. Heycrofiqr4Bocrb 3ap-DreHHbrx KarreJrb B oAHopoAHoM

rIoJIe, a raKxe HeoAHopoAHbrx oneKTpocrarr4qecKr4x norqx lpocrefiLrrr4x, MoAerrbHbx

ronQzryparyuft rlon.f,x rorlerrHoro 3apflila Lr rorrerrHoro Atrnons. B [epBoM pa3Aene

npoBollrrcfl amaJrrr3 rapMoHLIK Bo3Myluelauit rpaHI4IIbr KarrJrH. Irlsyrenu oco6esHocrr{ pacnagla

:apxNeuHofi Karrru B SneKTpocrarrrqecKoM rroJre. llpo4enaoHcrpt4poBaHo coorBercrBr.re

nonyr{eHHrIX Teoperl'IqecKldx pe3ynbraroB r43BecrHbrM SKcrrepuMeHTzlrrbHbrM Sarcrav. Bo

BTopoM pa3Aene npoBeAeHo zccneAoBaHr4e ycronufi pa3B:aTr4q Heycrofiqusocrpr sapflxeuuofi

KanJrI{ B IroJre rorrerrHoro 3aps,Aa. Paspa6oraHa Merolr4Ka npz6;ruxeHHoro yvera Blrr4fl:ekrfl

BHeIxHero 3neKTpo craruqecKoro rlont; cSopuynr4poBaHbr Kpr.rrepr4r.r orIeHKr4 Tor{Hocrr{

I4crroJIb3yeMbIX npz6nuxeruuit. VcranonJreHo, r{To B HeoAHopoAHoM oneKTpocrarr4rrecKoM rroJre

Ha rloBepxHocrl4 KarIJII4 eAI4HoBpeMeHHo nos6yx4aercs,3Haqr.ITeJrbHo 6olrruee rrvcno Mor, rIeM

B cnyqae oAHopoAHoro [or-f,. [auo BblpameHrre rnfl froJreBoro rrapaMerpa, rro3BoJr.f,rorqee



paccMaTpHBaTb BIrprfl}jkre BeJrr4r{r{Hbr BHerrrHero 3neKTpocTaTr{qecKofo ror-s oTAeIIbHo oT

BrrkrflHkrfl. cTerreHr4 efo HeoAHopoAHocTr4, r{, KaK cJreAcTBI{e, [poBecTI4 cpaBHeHrle BIrvflHkrfl.

3neKTpocrarr4rrecKrrx noneft pa3llrrrHofi ron$vrypa\vpr. llpo4enroHcrplapoBaHo pacqelneHl4e

Kpurr4rrecKrrx 3Har{eHr{fi roreeoro [apaMerpa. B rperbeM pa3Aene [poBeAeHbr aHaJIorkIqHbIe

pacvemr Anfl KarrJrr,r B 3neKTpocrarrlrrecKoM rroJre rorreqHoro rvnonfl.. O6Hapyxeno

no:6yx4eHr4e 6oree rrrupoKoro cneKTpa cBfl3aHHbIX MoA B cpaBHeHr4r,r co cnyqaeM ror.fl

TOrIer{HOfO 3apqla.

B rpemefi rrtaee r43yr{arorcq ycnoBnfl peurrz:,ar1r4kr neycrofirrr4 Bocrr4 3ap.rDreHHbrx KarreJrb

B HeoAHopoAHbrx oneKrpocrarr{rrecKrrx rroJrflx 6oree croxnofi ron@uryparJvrv. B nepBoM

pa3lene npoBeAeHo HccneAoBaHr{e BrrnflIlprfl. piBMepoB co3.4arorlefo BHerrrHee

oneKTpocraruqecKoe noJre r4ronbr{aroro oneKTpoAa Ha ycnoBr4r pa3Br4Ttrfl, ueycrofrqrrBocrr.r

saprxennofi KarrJrrr. Bo BTopoM pa3Aene r43yrreHa Heycrofirrr{Bocrb sapxxeuHofi KarrJrrd B

3neKTpocTaTr4r{ecKoM floJre, co3AaBaeMbrM HaxoA.srqeMc.s noA rrocTo.f,HHbrM rroTeHrlr{ilJroM

cTepx{HeBbrM SneKTpoAoM, rrTo coorBeTcrByeT ycnoBr{flM PflEa 3KcnepuMeHToB c

HeoAHopoAHbrM rroJreM. I4ccte4oBaHo BrI4qHHe reoMerpr{qecKr4x pa3MepoB rlpoBoAquero

crepxHq Ha rroporoBbre (aff peLnv3aukrr4 Heycrofiqzsocrra xauu) 3HarreHr.rs noraBaeMoro Ha

Hefo noTeHrIr4iL[4.

B uerneprofi rJraBe cr4creMarr43r,rpyrorcq pe3ynbrarbr nropofi 14 rperreft rrlaB.

flponogurc.rr cpaBHeHr4e Brr4flHr4fl. BHerrrHr{x norefi c pzrnr4r{uofi crerreHbro HeoAHopoAHocrz Ha

ycnoBr,r.s peurLrca\vv Heycrofirrr4Bocrr.r :apxxeHHofi KarrJrr{. Brrreresu o6ulze oco6esnocrll

KpI4Tnr{eCKOrO IIOBeAeHLIS KaleJIb, XapaKTepHbIe ilnfl HeOAHOpOAHbIX 3neKTpOCTaTI{TIeCKHX

norefi.

B 3aKrroqeHrlr,r c$opvryru4poBaHbr ocHoBHbre pe3ynbrarbl vr BbIBoAbI rlo Marepl4anaM

Ar{ccepra\r4kr.

AnropeQepar coorBercrByer Ar{cceprarJur4 Lr BrroJrHe orpaKaer ee coAep)KaHI'Ie.

Pe:ylrrarsr pa6oru AocrarorrHo rroJrHo ouy6nrnroBaHbl B HayrrHbIX )KypHanax,

yAoBnerBopqrcilIr4x rpe6onaHnflM BAK, kr HeoAHoKparHo AoKnaIbrBuLIII4cb Ha npoQzlbHblx

xonSepeHrlr4qx H ceMr'rH apax.

HoeugHa HccJreAonaHrafi Lr rroJryrreHHbrx pe3yJrbraroB. Hayuuax HoBI{3Ha pa6orrr

3aKnroqaercq B r4ccneloBaHlzr4 ycronzft peanv3arJnvr paclll.a4a 3apflKeHHbIX KarleJrb Bo BHerrrHI4x

HeoAHopoAHbrx oneKTpocrarkrrrecKrrx rorqx pasrravHofi roHSr,rryparJvrv crporllMla MeroAaMI4



aHaJrtrrvrrecKofi 3rreKTporprApoAkrHaMprKrr. B Kar{ecrBe pe3ynbraroB, [peAcraBnflIolqux

uau6omrlryrc BaxHocrb, Mo)KHo yKa3arb cneAylorll{e :

1. C$opMynr{poBaHbr ycnoBr,rfl peaJrrnaqr,rrd Heycrofiqrsocrlr orAenbHofi, n-fi MoAbI Bo3Myluer^uit

rroBepxHocrr4 saprxeuuofi KarrJrlr B oAHopoAHoM vr HeoAHopoAHbrx [orqx. llpe4u4Yulue

uccneAoBanns, SorycupoBarrr{cb Ha KpplTeputx neycrofiqllBocrll KarIJrI4 B IIenoM.

2. flpoauanr43r,rpoBaHo BJrprflHrre ronSuryparJuvr vr crerleHl4 HeoAHopoAHocrI,I BHeIIrHero

3neKTpocrarlarrecKoro rroJl.rr Ha ycnoBvrfl, peurulsa\Lrvr ueycrofiquBocrl,I KanJII4. YcraHogJIeHo, rITo

yBenr4rleHr4e cTeIreHI4 HeOAHOpoAHOCTI'I ITOJIfl IIpLIBOAI{T K CHI{XeHI,Irc KpI,ITHTIeCKLIX gna'IeHl',Ifi

3apflAoBofo I{ rroJleBofo rlapaMerpoB.

3. AcuuurorllqecKvtMpr MeroAaMIl [onyrleHbr aHaltvrvr{ecKpre Bblpaxellvrfl, orll4cblBarollll4e

naoAonufi cocraB Bo3MyrrI esuit rpaHr.rqbr sapxNeuHoft KaTIJIII Bo BHeIxHeM HeoAHopoAHoM

sneKTpr4rrecKoM rroJre. CAenan BbrBoA o pactuupeHl,Iu crleKTpa nos6yN4arouuxcs rapMoHI4K npur

yBenr4qe Hkrzr crerreH[ HeoAHopoAHocrH rtorq. Heo6xoALIMo orMerI,ITb 3Haqurelrsufi o6revt

BbrrrrrcJreuuit, roropufi uorpe6oBzurocb BbrrroJrHr.rrb ALIccepraHTy. 3ror pe3ynbrar, LlMeroilrr4ir

MeroAonoru.recKlrft xapaKTep, HecoMHeHHo 6y4er nocrpe6oBaH I4ccneAoBarerl.[Mn,

v3yrraroruvMr4 ycnoBr.rfl r.r xapaKTep peann3aIJkrvr ueycrofiqlaBocTl{ KafIeJIb.

4. flpone4en AoBorrbHo rpy4oeruruafi anaJrv3 BIrr4flHprfl, reoMerpLIqecKl4x rlapaMerpoB

3KBrrnoreHrllraJrbHofo crepxHq, co3AaroilIefo 3neKTpocrarplrlecKoe rIoJIe B oKpecrHocrl{

saprxeuuoft KarrJrr{, Ha ycnoBr{q ee pacnalLa. 3ror pe3ynbrar Mo)Ker 6rtrr [one3eH rlpz

pa:pa6orxe la6 oparopHbrx ycraHoBoK Anq oneKrp oAI{ creprllpoB aHVs..

3ru nolo)KeHr{fl orrpeAenflror HayrrHyro rr [paKTlrrrecKyro 3HaqrrMocrb pe3ynbraroB

AHCCepTa\r4kr.

Pesylrrarrr pa6orrr Moryr 6rrrr peKoMeHAoBaHbI K o3HaKoMJIeHI4ro B HayrIHbIX

noApa3AeJreHr,rflx yHlrBepcprreroB (-flpfV unr. ll.f. ,{evuAona, MfV unr. M.B. JlotuouocoBa,

HaqzoHa6Hrrfi uccneAoBareJrbcKuit yuuyepcraTer "MOI4" I{ Ap.), a rarcKe B LIHcrpITyrax PAH

(Vlyuuryr 3neKrpoSusuru VpalbcKoro orAeneHrEq PAH, Vlucruryr rlpo6neu MexaHI{KV r4M.

A.IO. I4uutu:acKoro PAH, I4ucruryr clrJlbHoroqsofi sneKrpoHvrKr4 CO PAH I{ Ap.).

OfiocnoBaHHocrb rr AocroBepHocrb HayqHbrx rroJror(euutrt, BbIBoAoB rr 3aK.nro'renufi

o6ecueqLrBaercfl. r4crroJrb3oBaHr{eM coBpeMeHHbrx acpIMrITorLIqecKLIX MeroAoB B paMKax

KJraccuqecrofi aqaJrvrr4qecKofi gneKTpofkrApoAr,rHaMr4Krd B correraHrlI4 c rIocneAoBareJIbHbIM

aH uLrrr{3 oM ycnoB uit ux npI{M eHI{Mo crl4.

fI o u arep Lr aJraM Ar.r c c epraqr4 o HH o fi p a6 oru I{M eerc s P sL gaMe'aaHuit :



1. B pa6ore I4crloJlb3oBaJrocb rlpeArlono)KeHl4e o MurJroM cMerrleHlru rIeHTpa Macc Karrnr4 3a

xapaKTepHble BpeMeHa pa3Burrvs Heycrofiqusocru (oro rro3BoJrrJro He yrrr4TbrBarb rr3MeHeHr4e

crerleHl{ HeoAHopoAHocrll rrons co BpeMeneu). XerarelbHo rroJrf{r.rrb r.r [poaHaJrr.r3LrpoBarb

(6es arrenntuvtft rc gKclepI4MeHT€uIbHbIM AaHHrIM) coornercrByroqufi rcpu1gpuit, BbrrroJrHeHr{e

Koroporo rpe6yercfl Enfl BHyrpeHsefi senporplBoperlklBocrr4 pa3Br4Baeuofr Teopr4kr. B .racrH ocrr4,

I'IHrepecno 6rrlo 6u ynu4erb oueHKIa rIprIMeHkIMocrI4 3Toro rrpeArronoxeH[q Ans xr.rAxocrefi c

pa3nl4r{Hofr eqgrocrbro: c ee pocroM, orIeBuAHo, 6yger Hapacrarb BpeMq pacnalaKarrenb.

2, Cnelyer o6cyArrrb cttyuait, KorAa BTtrI4BaHr4e rroJr{pr.r3oBanHoft Kalnkr e o6racrr 6omnrefi

HeoIHopoIHocrI4 rIoJIt ypaBHoBerlrnBaeTcfl B3akrMoAeficrezela ee cso6oAHoro 3apfl'.a c

BHeITTHI4M sneKTpplqecKlzM rIoJIeM. Sror qacrurtfi uryuaft Hau6olee y4o6en ;^nfl aHaJrkr3a,

rrocKoJrbKy Karln-s HeloABkIlKHa pI, cJIeAOBareJrbHo, cTefreHb HeoIHopoAHOCTr{ rron{ He 6yaer

MeH.f,Tbcr co BpeMeHevr (cnr. 3aMeqaHue 1).

3. llo reKcry pa6ortt He BcerAa rIoHflTHo, KorAa peqb vrer o rapMoHlrKax, a KorAa o Morax

ocqzrrquufi rpaHI4IIbI Ka]|IJrur (n cnyqae o6uero nono)KeHr4fl oHrz sBJrrrorcr cynepno zutJueit

6ecxoneqHoro rftrc ra rapnronur<).

4. He BTIOJIHO rroHqreH Qnsu'recrzfi MexaHrrr3M, olpeAenruoulnfi To, qro, cofnacHo

lpoBeAeHHOMy B AI4CCeprar\Lrv aHanLI3y, Rpprrr4rrecKr,re l.nfl pa3Bkrrvrfl Heycroftrrr4Bocrr4

BerktrrkIHbl rloJleBofo 14 3aptloBoro rlapaMerpoB crpeMrrcq K QzxcupoBaHHoMy 3HarreHr4ro c

pocroM HoMepa MoAbI Bo3MyIrIeHVfl. llovenay rroBepxHocrHoe Har.f,xeHr.re He rroAaBnser

MexKoMacurra6sue Heycrofi'rueocru? I4ttu xe per{b ryr vAer Bcero Jrr4rub o rrosBJr e1vkr Bbrcruvx

fapMoHr.rK B cleKTpe Bo3Myrqeuufi (cna. sanre.ranze 3)?

5. He npounnlocrpl'IpoBaHbl paBHoBecHbIe Sopvmr KafreJrb, oBonroqlafl Bo3My11enr.rfi Koropbrx

aHaJrkr3vpyrorc,q. 3ro sarpyAHqer Boctrpr4rrrae MarepvaJraAr4cceprarJakr.

llpzne4eHHble 3aMerraHplf, He cHr.r)Karor o6rqefi esrcoxofi orleHKkr [onyrreHHbrx

pe3ynbraroB I4 Moryr paccMarpkrBarbcfl B KaqecrBe peKoMen4a\uit K AanbHefirtenry pa3Br{Tr{ro

lanuoft TeMarrrKr.r.

B IIenoM Allccepra\LroHHafl pa6ora [lupxena Alexcau4pa AlexcaHApoBLrqa

<<AHanuu{rrecKoe 14 ccneAoBaHl4 e 3aKoHoMepHocre fi peasrurcarJkrkr ueycrofiqr4 Bocrr.r saprxeuuofi

KaTIJII4 BO BHeIITHI,IX 3neKTpOCTaTI4qeCKI4X fIOJI'X)) flBIIfleTQfl 3aKOHrIenHOfi HayrIHO-

rlccneAoearenbcrofi pa6orofi, coorBercrByroqefi BceM Kpr4TepprsM, rrpeAbrBJrqeMbrM K

II4 cceprar\r4flM Ha coI{cKaHI4e yteuofi crefreHlr Kalp.Lrplara HayK, ycraHoBJreHHbrM B

<floloxeHzrv o [opflAKe rlpncyxAeHl{t yrreHbrx crerreHefi>>, yrnep}KAeHHoM frocraHoBneHr{eM



flpanureJrbcrBa pO or 24 conrs6px 2013 rola J\b 842 c AorIonHeHrIflMLI or 21 anpelx 2016 roAa

l\b 335 (cornacHo n. 9, "4UCcepra\ufl, Ha COT4CKaHUe yuenofi creIIeHLI KaHI.VTI.UTa HayK AonxHa

6rrrs HayqHo-rcnanuQuKarlroHHofi pa6orofi, B Koropofi co4epxrlrcf, perIeHLIe Haf{Hoft' zagauu,

r4Meroue[ gHa.reHkre ilnfl. pasBurru.rr coorBercrByrouefi orpacrv 3HaHuit', lu6o LI3Jro]KeHbI HoBbIe

HayrrHo o6ocnosaHHble rexHl{r{ecKr4e, TexHonorlrrrecKlle vlrkr I4HbIe pemeHuq v paspa6orKl{,

r,rMeroul[e cyuecreeHHod3HaqeHlre Anq pasB:nT:aq crpaHbr"), a canr A.A. Il[upreB 3acJIy)KABaer

npr4cyl1 reHvrfl, eMy yueHofi crerreHpr KaHAHAara SusHxo-MareMarl{qecKl{x HayK rlo

c[eUrraJrbHocrrr 01 .02.05 - <MexaHLIKa xllAKocrvr, ra3a I4 rIJI€l3MbI).

pa6ora 6s;i- 3acnymaHa 14 o6cyN4alacr na PacurHpeHHoM ceMLIHape Jla6oparopvrpr

neruuefiuofi AuuaMr4Kr4 I43O VpO PAH (uporor<or J',lb 12 or 30 oxrq6px2019 roaa).

Orsrm cocraBl{Jl:

rrraeHrrfi HayrrHblfi corpyAHI'IK I43O VpO PAH,

A.O.-M.H., rrJIeH KoppecnoHAeHr PAH

21 Senpms,2020 r.

V.reHHfi ceKperapr I43@ YPO PAH'

KaHA[Aar SIas.-nrar. HaYK
,{ E.E. Koxopuua
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