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LIncruryr Ko cMrrrrecKrrx HccJreAonarrrafi Po ccuft crcoli arcag euuu H ayK,

rger "Kocmoreo{rusnxutt

llo npoqel-ype 3aIrIpIrBI Ar{cceprallIroHFloro rp}'na rlo rel\{e:

"CepdrorpoHHoe ycKopeH t4e peJrr{'t'uBucrcKHX :JaprIXeHHInx alac'll4ll SJIeKTpoMarHI4'IHI:IMtI BoJIHaMtl B

, *ocrnaqecxofi ilJIa3Me"

flperen.qenr: rrr.ac. Pyueu TTlxeeoe, Aor(ropaHT B caNlocro-rterr,noft tilopnru o6y'rerlnl gna

! rpucpKl.leHlu o6pa:;oe a' le; rrsoii N uayvuo ii creIIeHH ",rlo Klop"

B o6lacru Bbrcrilero o6pa:onanzx: 4. fIpupo1r.rbre rrayKl4, MareMarl4xa u uudropMarl4Ka

Ilpo tf eccuolraJrr)Hoe rJ arpaBJreru e : 4. 1 Ozsr.IqecKt,te Hay KI4

O6uee o[ucaHr{e [peAcraB.[errHoro MareprraJra. fiuccepraqzx o6r,euoru 154 crp., BKJIIoT{arcilIat:

IlnegeHHe (arryansuocrb rsMbr, rleJu, u o6r,exr taccne.IoBaHH.r), verupe fJraBT,r ocHoBHofo MarepaaJla,

clrucoK pe3yJrr,TaroB, Br;rnocl4M6lx I{a 3arl{I,rry u rylruxarlr4pr aBTopa flo reMe Aucepraunr4, 104

Qurypu, 9 ra6nzq, 6z6lraorpadrur cogepxu'r I57 naseaTrzfr ua anrlzftcKoM, pyccKoM rr HeMerIKoM

,IllbrKax.

B nepnoft uraRe Anccepla\nv nogpo6lro pr3Jro)Ker.Io coBpeMel:rr.roe cocroflHr{e upo6lerur,r

ceprforponHoro ycKopeuprfl 3aptxreHHbrx qacrr.{u B KocMl,Iqecnofr rJra3iue, .{aHa r{cropnqecxarr

cnpaBKa no sroft reMe rrccJre4ouatrzft, npr4BcAeu o6:op uuerouleftcn nrTeparypsr. fnarrr 2, 3, 4
Aficcepraqn u oolepxar RBolIHyru Llitorrr, IIoc'faHoRKy \I TeoperrrqecKoe o6clcnoeasne

paccMarpnBaeMbrx 3a4a\, pe3ynbrarbr rrr4creHr.rbrx pacqeroB ceptforpourroro ycnopeuvf B

Kocrvfl4qecKofr nla3ue, a raKxe BLIBo.Ibr r4 3aKillogeHr4e rro pe:lylrbraraM lJIaBbT.

Ro e'r'opoii fJIaBe ollncaHhl pe:yJrr)'ralbr pacqero]3 ceprfrcrrporr]oro ycKoperrl{r 3ap.nx(onr{brX

qacrl,rq oguoft 3rreKrpoMarur,rrrroft BoJrr{ofi, pacnpocrpar.lxloulefic.r nep[eHAr,rKynrpHo r( BFrerlHenry

MaI'HI,I'rHoMy lroJrlo B KocMr{qeoxoii rrrra::n,re, ilo pa3AsJraM llJrr cJryqaen: 1) qacr:o'ia BoJrHbr 6olr,rne
Ill{KJlo'rpor'rnoii qac:rorr,r sJreffirporroB nJril3Mbr; 2) uacrota BoJn.rbr Morr;rrre {r{KJrorpor{uoi.i qaclo:rnr

gncr(TpoHots rrJla3Mbr. Onpe4eleubr .qualla3oHbl 3HaqeHrir Ha,rarllnofr r[a:rr BoJrHrI Ha rpaeKTop]rl4
tIacrI,IuBI, 6laronpn.rrrrrre Anr ee 3axBara eorr.roft B pexlrM ynbrpapen.flTrrBncrcr(oro ycKoperrvf;

IlccJIeIoBaHa BpeMoHHat 7IInHaMDKa KON4ruoHoHT I,rMIryJlbcit ra cxopocun 3axBaqeHnofr rrac'r'r4rlr,r, ee

perrTvBklcrcKofo tfaxropa, 6larorpa,nrusrfi 4lx peanr{3aqnr,r cep$nrrra 3HaK KoMrroHeHrbr prMlyJrE,ca

qacrHIIrI BAon6 BoJrHoBOro tl]ponra. Vra3aHo,, r{To npn cr4rIBHoM ycKopeHnr,r 3axBaqeHHoft .lactlrqrr

IIOIIepQYFIFIe K BIIeIIUeMy MaTIInTIIOMy tIoJIlO KOMIIOHeFITbI cKOpOcTI,l qacTuIIbI I4 TeMn pocTa ee

peJlrlTl4Br.rcrcKofo $axropa BrrxoArrr Ha trocrotHHble acvMrrrorr4Klr, rrro cyulecrBeHHo y[poilIaer
oIIeHKIi xapaK'lepnorl4K ilITHaMLIKI{ ycKopr{eMbrx qac'frar(. I} rrocJre1ne]\{ uolqrag;1eJre e'ropoii l)rarJbr

l,tccJleAoBallo BJIrzfIII4e BeJrI4rrrIlIbI npoAonblrofo r4Mnynbca qaaTr4l\r4 Ha BepoflTrrocTb 3axBaTa c

rocJIeIyrcilII{I\{ CI4JII;IrbrIvI yCKOpeflUe,U. fJOna:alIO, qTO BeJtlrqVI.Ia npOAOJrLHorO HMrIyJIbca r.re BJrrz-seT

Ha pe3oHaHcHble npoIIgccbI npv eep(toproHHoM ycKopeHnn qacrurl B KOcr\,{t4rrecKofr nilaslvre.

B r:pelreii I'JIaBe IIpoBe;1eH aHaJra3 cep(ror:pouHoro ycKopeHnr{ :laprr}KoHHrrrX Lracrlrrd rrpz prx

n:auuogeficrBzlt c AByMs gneKTpoMallItITrrL,IMH BorrraMn cpaBr.u'tMbrx aMrrJrr4TyA, pacnpocrpaHffo-
qllxc{ [epleHArTKyirnpHo K BHerr]HeMy MafHr'trHot\4y nonrc B Koclvtur{ecr<oit nla:nre. C ylerou geyx



r4Hrery)arroB ABrDr(eHr{rr l4cxoAHbrx peJrrrrt4Br4cTcKHit ypaBHeHr,Ift .qaH B6IBOA HeJlI4HcftHorO ypaBHeHI4rI

llJrq Oa3l,r ilepnoii noJrHbr, Haxollruciic{ u qepeHKOBcKoM pe3oHaHco c Llac'f[iqeii. Llnclesnr,tvtt

pacrreraMu rloKa3aHo, rrro rrNleerct Al{arla3or{ 6larorpurulbrx AJIfl cepcfaura HarlaJlbrltrx rfas nepnofi

BoJtltbt, IIJIn KOTOporo upll 6;laroupuxrHoM 3HaKe KoMIIOLIeI.m;I HMrlyJlt;ca qacrl4rlll a [peB],1meHUI4

ar\{nJlvryAofr ller<rpu.lecKoro roJrr BOJTHrT nopofoBoro (4lx peanu3at\vr'r ceprfrzHra) 3HaqeHL{tI }rMcer

Mecro:laxBa-f rTac'tl4r,Ibl rrepuoii n<lrrsoii ((ra:onar cKopocll n:ropoii BOJIHTI 3aMelHo orJIl4qacl'ofl ou

rarofi gnx uepnofi nolurr) c nocJreAyroqvNr yJrbrpapeJLarI,IBI,{crcKI,IM ycl(opeHpreM. Onpe.4eleult

a0aMrnto'rl4Kn peu[tvrl4c'rcKor'o (lax lopa gaxnaqennot)i qaclnll];t, KoMIIOHeH't'bt eg cropocleii,
rroKa3ar.Io, qro B rpouecoe cuJrr,uoro ycKoperrl4.s qacruull oceAalor IIa AIIo stf $errHutoii
rroreHrlr4anbHoft lnrur. Pacqera rarcKe froKa3aJur, qro rlpr{ AocrarotlHo vanoft pa3Hl{ue rfa:onrx
cropocr'e$iBoJIH,aMIIJlnr:j';1r,rKO'|Oph]XBbIIIIelI0pOl'*OB0I'(l;1llcep$uH1'a3HztI{enttl,ola5u.ttr,rtt't.i

3atxBilf 3aprrxeHHoi.i qacr-urlr,l c cI4JrbHbIM ycKopeHr4eNI Mox{er o'r'cyfcl}Jol}alr,. R:JaKJIH)qeHt{n nrnpoi,i

rJraBbr yr(a3ano, rrro paccMorpennrrfr NrexaHn3r\,r ycKopellta.fi 3ap.flr(eurltIx qacrull npeAcraBnqer

r{HTepec gnn npo6leM6r feHepaqlrn KocMlrqocKrrx nyleft (K[ n o6srlcHenus nplrrlnH Bo3HIIKHoBeHLITI

nap zaquii r4x n oroxa, n a6l ruAan t t I lzxct Ko cM I4.IecKoi.i al I raparlpo ii .

B uane 4 .qzccepraqr4r4 paccMorper.ro cep{rorporlnoe ycl(opeHl4e 3apt)KeI.II'{bIx rIacrI{II JIoKaJIV-

3oBaHHl;rM B rrpoct'panc'rue (lropcHrloBonar t|lopua) IIaKe'r'oM 3neK'fpoMaI'Hu'l'HLIX BoJIH, pacfipocll
paHrrcIlu4Mcs rloilepeK Br{erilr.{efo Marultruol'o ilor-s. R IeurpaJIbHOii qacru IIaKera arvnrJlary;Iet

)JreKTplrrrecKofo rroJrn [peBbrruana nopofoBoe AnrI pean]r3aquz ceprfvHfa 3Haqervle v e Hefi 6rrir

Bo3rvro)Kerr 3axBar qacrzrl raKeror,r B pex(IrM ct4rrbr{oro (npu 4ocraroqno 6olsruofi roltqnue :roft
<16.rrac'tu) cep$o'rpoHHolo ycKopeHrax. /-{rrr rlia:*,r eo:rnoBOro rraxcra Ha Hecyu{cii qacr:o'rc IIoJlyqeHo

ueluuefiuoe, gra$QepeHrluanbrroe ypaBHer{ue Broporo nopflAl(a c yqeroM lol(aJlfl3aquu flal(era B

ilpocrpaHcree. I-Ian6oJrbrxee ycKopeHr{e peann3yercrr rrpl,r :]axBare :rapq]KeHHoii .ractnqst Ha :a.qHefi

cropolre [aKera. 3areu Lracrr4ua c t[a'r<xorZ cKopocrblo nepeceKaer IIerKer, 4rltxtyqafior c tpyrruonoi
cKopocrrrro (oua :naur.rreJrslro r\{er{brrre clasonoft cKopocrl{ tIa necyrueft .lacrore) H rlolraAa-fl e o6racrl
SIettr'pr,rqecxux rrcllteii, t\{eHburux rroporeuol'o :JHarreHzJI, c'naHoI}H'f0fl He3axBaLIeHru<>w u ycKopeHI/c

npeKparlaerc.a. ,{alee npoacxoAHT napMopoBcr(oe BpanleHr{e rracTurlbr. Pacqerariru onpeAeIeIIbr

6laronpralrHbre AJrrr peanpr3arlprn 3axBara HaqanBHEIe 3HaqeHHrI {ra:st naxera Ha Hecyqeft .Iacrore,

6narolpalrnrtft gHax KoNrnoHeHTrI r{ruflyJlbca rlacrarlbr BAoJrb BoJrHoBOt.o rpponra. Pacqerrr rroKa3arr,r,

Ln'o JlJu 3axrlaqeHHoii qaclnrll;r tfara rtaKerir xa necyuleii qaclrore LrcIrbrlI:rBZIOl cpaIJHr4TeJn;Ho MaJrbre

Bapna\uv oKoJIo 3rraqeHrm, coorBercrByroqefo grry eQQeKrusHofi rlorellurraJrruofi rntbr, a l(orAa
rracrr{qa Ha reeoft crotrloHe lraKera craHoBt4Tcrr negaxsaqeHnoft $asa 6ucrpo Bo3pacraer cc)

BpeMorreM. ,I{rrr :a,rnauennclfi {ncrlrlbr ryat|larc ee oMer.qe}.{prr }l HarrpaBrerlur{ paoilpocrpaneFIfit

rraKera rrBJrrrercrr ilpal{Tl4lrecKv npruofr ruuueit, a rpailrrzxra roreper{Hbrx K BHerJHoMy r4afHrrrHor,ry

rroJrro KoMIroHoH'r' lrMrTprr,ca t,d pcnnrrrBr,rcrcKoro {rartopa 9ftc"rurllbl coorBolrcl'Byror prx yBeJII4rreHuH)

rrpal(Tl{r{ecKz c rocro.lHrlblM Te[,IrIoM pocra.' Couacno pacrleraM .qlx cna6opeJIflTI{BI4crcr{I.TX rlacr}rll

Br.rarraJIe Ha oTTtooliTeJil;Ho MaJrLrx I4HTepBaJtax BpeIueHU qacTl4rla MoxeT coBeplrlaTb JIapMolloROKOo

BparqeHue, 3arcM npor4cxo,qr4T ee 3axBar rraKeror\{ c nocneA)TorrlrrM cr{nE,H6r\( ycKopoHr4eM. Pacqerrr

TaKlr(e lroKa3arrfi, rrro AJr-tr lre3axBaqer]uof cna6opeJlfrltBrlc'r-onofi qac'rutu,r MOI'yr' 6u'tr, roxa:Ibrlble

Aoycxopelrprs c yBernqerrr{e ee )Hepfun Fra AecrrKLr u 6olee npoqeHToB BeJrr{rrr4FTbr. ,{rn:axnaueFrl{r;rx
rraKe'rcNr qac'fr4r.I rrprz cr4JrbHON,r yoKopeHru Ha $a:clnoti uJIOoKoc'1'n 'rpaeKropua ooo'rBe1'clByrc:f (KaK r.{

B cnyqae nsar4Naolei.ic,rBrl.{ 3apflI1a c Mor.roxpoua:rnqecroft nonroil) IBI.I}I(eHHIo zso6puxarctqeiilouxa
N oco6oii roqKe rnna ycrori.rznrdt droryc.

IJ :,raxlroqeFrzr,r 1r4cceplaur{r4 21ana (lopnnyJlr.{poRxa IIoJryqeHH['x pffyJlvrarotJ 14 cJIeAymI]lLIe u:l

Hnx ur;rBoJ.lbr rro orn14MaJr[,Hbr\{ ycJroRlzrIM peaJI14:]aqulr oep$o'fpoHHor'o ycKopeHnr 3apr{r{t;HHbtx



qacrr,rq 3ileKrpoMafHr{rHbrlrn BolHaMV B nocMr4qecKoft nna3rvre c pocroil{ sHeprr{rl qacrr{u ua (4-6) u

6orree ilop{JlKor} BeJr}4Lrr4HBr. Colracno HMe}or1HMcn rry6nanallr4rM, cep$olponHoe ycKopeHre a

reuepaqueii Kostvrr4r{ecKr4x rtyr1s1:l N{o)Ker 6r,rrr, uanpuMep, s 6rranafiul{x r( coJllleqnotZ o]zcreMe

N{ecrrrbrx Mex(3Be3Anbrx o6Jraxax, ry(e xapaKrepHnre AJu4r.r};r ycKoper{r4r r\{oryl llocrr4mrh 21o:rei4

napceKa u 6onee.

1. Ouerrna pesyJrblaloB /I[ccep:l'alu[, BnrHocl{*nrrx Ha 3ailurry. lrlsy.lg*tt pe:]oHaHoHbre

esanuo4eficrBufl 3aput<ellHbrx rracrlir-l c o.quoil pl pByMfl DJreKTpoMafHLrrHbrM\r BorHaMH, LIMeIoil{I4x

pa3H6le qaCTOTbT, a TaKXe JIOKiilIH:lOBaHHEIIvl B npOCTpaHCTBe IaKeTON,t 9JIoI(TpOMa|HUTHbIX BOJIH C

KOr.reqHf,IMlz aMlnpITyAaMr4 rlpu r4x pacrrpocTpau,eHnu B Kocr\,rfiqecrofi u:leul,re, JI rrolat'Blo, 11'1cr

BbrFloclrMbre aBToporu Ha 3arrlr,rry pe3ynbrarbl r{rrcJrel{Flr,x pacrreroe cep{rorpoHl{ofo ycKopeHu-s

:JaprrxeHFrbrK qacll:{rl, rroJryqeHHr;re rrp}r aHatrrz3e nerruseiinoro, 11r,r{l(lepoHrlr{&Jr}:Horo ypaBHeHnn )riItl

{ra::tr nclrlnrti, (unn t}a::nr eo.nnoBor'o rraKe'fa ua Hecyulefi uac'role) Ha 'fpaeK'r'opvr Lraarvrr(br rrBJlrm'fcr{

3l.IaqzTeJrbr'rr,rNr BKJTaAoI\t aBTopa B AaIIHoe I{ayr111o" HarpaBler'rne. Bancuo oTMeTzTb, rITo peIIIaeMa{

saAarra rrBJrrrercrr MHoronapan'rerpnlrecKofi r,r rpe6yer Becbr\{a 6olruoro KorrurrscrBa pacqeroB ArIn

oIIpeIeJreHr4gr ocHoBHLIX :lztKOHOr\,repHoc'rer7t il IuHaMT{Ke MexaHrd:lua cep(rcl'r.'poHHoro ycKOpeH14t

I{ACTHII 3IICKTPOMA|IIIITIIbI]UPI BOIIHAI,TVI. PCSYITTATT,T AI,ICCCPTAIIHI{, BbII{OCI{MI,IE I{A 3ATU]4TY,

r4:iJroxoHu lIOcta-rorIHo LreTKO, .ll'o o6ecueLII,IBael' I4x trpaRI,IJII:Hoe 'roJIKoRaTlae r{ BaxHoc'r'b ll"rtrl

lrpo6;revur refleparlLru rroroKoB y.nbrpapeJlfrl{Bl{olcKl4x r{acrltl B KocMuqecxclii llra::ve, BKr}oqat

rfr o prunpouaHze na6lroAaeMbrx Ko cr\,rr4arocKofi annaparypo fr uapnaqzli noroxoe KJI.

2. Oqenna ny6.nnnaqnfi arropa rr urrrnponanrnfi. Pe:ylrraru, Brsrroqenrrbre aBroporvr B

lI[ccepraur.rrtr 6r,l:ur lrpcllclaBJrcH],r Ha prlle mout[epexquii, HeKorop[,rc r4:] lloKJraIoB 6r,lnz

"upzDIaIrreHlTLIMrlrr. Pesl'Llrrarr,r ;1accepriillun ory6lnKoBZrlrI:I B perler{3l,rp}etvr6rx r(ypnaJrax. Odruee

ItoJII4tIecrBo pa6or rro Ar4cceprauuu cocraBrrrrer 15 pa6or, pr3 Hlrx 2 crarsu B ]KypHanax c nMrraKT-

tfamloporvr, a 5 <luy6rrrrKoBanbr (rrcrrrHnnt r:cxcl) e cdclpuxxax r<oH$cpesrflzii (olnn r4:t llorilallon
{BJI{ercr nprrfJrarxeHurnu), ocraJrbHEre 8 (eocervrr,) 6ulu npeAcraBnerrbr rra roa$eperqvfrx rr

ct4Mlro:layMax B Kaqeo'r'Be yc'f Fr;x r.r CTeHJIOBrrrx, Irp14qeM oAHH l{oKJIalI uMeeT c'r'aT'yc

"npzuarreur,{brii". Heo6xo4zruo orMerlrrb, rrro tlr4TlrpyeN4ocrb p-f/Ia pa6or orMeqena B cuoreN{e

SCOPUS.

3. Kpurn.recKrre 3aMeqaHI,IrI u per{oMerrAaql{u. B :rofr rlacrpl r\,roero or3brBa Ha Auccepraur4ro
orMsrly, tITo B ToKcro "qilccepraul4vl rlMerorcrr HgKoropr,Ie rexHr{qecKr,re uolperrrHocrll. OlHaro oHu He

M erl.nlor o 6uI eli rro Jro)r{r4TeJr r,no fi o qenxw yunl.o k p a6o rl,r .

4. Jfr,r.rnr,re Brreqa'rJreHrrrr o KaH/lr{Aal'e u Apyrric IaHHbre, Heyrca3anHr,re B rrpeJlrrulynIHx

IryHK'I'ax, "f :lHam Pyurena Illxer:osa ropr{llKa 1Oire'r. Mu nuecte pa6<lralru lo ooBMeclHr,rM

pocczlicno-6olrapcxllu flpoeKTaM BKJrroqiu ",Xaoc" z "Cept[o'rpou". Mota Blleqarrefiu{ or ?Tolo

corpylnllqecrBa BrroJllo xopoxl4e, npr4 Bc'rper{ax o Corfzu z n MooxBe lo4po6ro o6cyxrlana
TeMarI,IKy coBMecrllrrlx pa6or, nrt6op napaMerpoB AJrr r{r4cJrelrHofo cqera, x(}?HarrrJ l.x.n ny6llurca4utt

iloJllctsHHl,vx pe:lyJrr,TaroB, ylrac't"He n pa6or:e pa3rl4rlHLIX r<oHoepeuquj.i c ccluuecrt{btMH lIOKJra/laMZ,

HaIIpaBJIeIrI4r ;lzursuei,irlJel'o pii3Bttrr4fl coBMecrrrbrx r4ceJre4onaunrZ uo ceprfoorpour.ro.N{y ycxopeur4ro

3ap.qxeHHblx qacrHII B rIpHJIoxeHI,IV K nocMITrtecxofr nna3T\4e.

ilarcrrtrqenr.Ie. C yqclrorvr rolo, q'fo KaHJIrrIar Pylteu l]lxeeoH uN{ee'l'lloorzllrolrHoe Kolrr4\rccl'Bo

Ira)qHLIX t4 rIpI4IUraAnbIx Aocrll)renzfi, Koropbre npencraBner.rbr uayqFroiray coo6rqecrBy B BuAe

KatlecrBeHnrx uy6lr,lrcaquft e peueH3r4pyer,r6rx rr3.4aH"qx, AoKraAoB Ha HaWHbrx xour[epeuqntrx r,l

C'IMII03pI)4,IaX, a TaI('rKe efo ) {aCTI.Ie B }ICCJIeAOtsaTeJIECKHX ITpOeKTaX, MOXHO CAenaTb C.neAyrcI]Iee

:]erKJrForIeHHe: s Iarc rroJro)Kprre:r];Hyrc orIeHKy NfaTrepraJIOB, c KO'r'oprrMH KaH,U.rJIar }lynteH IIIxenoe



yqacrByer B rrporleAype ro 3arqr.rre Ar{cceprarluu Ha reMy "Cep$orponnoe ycKopeHl{e

pen.sTr4BzcTcKr.Ix 3apDr(eHHbx qacTl,Irl SneKTpoMafHr4THbrMra BoJrHaMr4 B KocMr4rrecrofi urasN{e" aIrfl
npucylr(AeHus eMy o6pasonarenurofi rz HayuHofi crerreHr,r "4oKTop" s o6racrz Bbrcrrrero o6pazonauut

u.4. flpzpoAHbre HayKrr, MareMarr{Ka ra uu(fopMarr4Ka, npo(fecctroHaJrbHoe HarrpaBneHue n.4.1

@usw{ecxue HayKr4.

PerorvreH4yro. qrrsHaM yBar(aeMoro Hayvnoro coBera I4KI4T EAH Lr Hayvnoro rrroplz,

Ha3HarreHHoro rpprKa3oM Ne 157121.12.2016 Ar{peKropa ITIKITIT-BAH, orleHlrrb rroJroxerreJrbHo

rrpeAnoxennrrfi nau [p o eKT 4vrccepr ar\Lrr4.
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