
OT3bIB

oQrlqrlarbHoro orrrroHeHTa Ha Arlccepraqrrx) rlurumena JleonnAa Mnxaft.noanqa

<<@nsr.rqecKoe MoAeJrrrpoBarr[e flpoqeccoB rrepeHoca B KaMepax cropaHns c sarcpyrKofi

rroroKa>>, [peAcTaBJreHrryro Ha corrcKaHrre yrreHofi creuenu KaHArrAaTa Qusnrco-

MareMarrrrrecKrrx HayK no cneqrraJrbuocrrr 1.3.14. Ten.no0nrtrKa rr reopernrrecxafl

TEIIJIOTEXHIIKA

KanAraAarcras Ailccepraqr.rrr r{zrzmena JI.M. nocBrrrleHa AeraJIbHoMy

gKcnepvMeHTanbHoMy lrccJreAoBanraro oco6eHnocrefi crpyKTypbr 14 ArirraMrrKrr 3aKpyqeuHoro

TerreHLrr, npoqeccoB rrepeHoca rraccLtBHofi rrpr{Mecr,r, MoAen}rpyrorqefi ronnzno, u cta6unvgarryru

(fpoum rrJraMeHr.r B MoAenbHbx KzMepax croprurrr ra:oryp6uuHoro rr{[a, B ToM rII,IcJre B

ycnoBrurx 6nzsxux K HarypHbrM.

Arcrya.nrnocrb rrccJreAoBaH[s o6ycnonnena neo6xoA]rMocrbro pa3Burrnfi. TexHoJrofErI

c)Kurarrr4r <o6eAnennofi>> ronnuBoBo3Aymnoft crrrecu B KtMepzx cropanns rarornr6unnoro

Tvrna 4rs. cnurxrertvs, BpeAHbrx nrr6pocon n arrvroc(fepy. Parnrarr,re Aannofr TexuoJror[]I cBt3aHo c

pemeHueM pa4a npo6neu, a r{MeHHo: c'ra6utmsa\raeft nrarraerrlr n6rugra 6e4noro cpblBa,

rrpeAorBparr(eHlreM Bo3Hr,rKHoBeHr{r pexunron en6paunoHHoro ropeH}rt }I [pocKoKa IrJIaMeHI,I.

flpornosnpoBarrlre HecrarlrroHapHbD( xnnenni1 cBs3aHHbrx c HaJIlrqlIeM KpyrlHoMacuna6nrrx

KorepeHTHbD( Br4xpeBbrx crpyKTyp B KaMepe cropaHllt sBrflercs. naxnofi saAaqefi. flpn erorr,r 4lr
nepz(fuxaqnu uoAelefi qlrcJreHHoro pacqer4 r.rcnoJrl3yeMbD( rtpfi [poeKTl,IpoBarrvtur

raroryp6nuuoro o6opy4oBarrvrfl, neo6xoAuua AocroBepuat oKcrleprlMeHrarlbuax un(fopuarys..

ZccreAosaHze, rrpeAcraBneHHoe B Aucceprarlran rlzrzruena JI.M., 6eg counerrlls cnoco6crByer

yrny6nenuro rroHrrMaHr{r MexaHr,r3MoB BJrr4rHLrs KpyflHouacmra6nbD( B}IXpeBbx crpyKTyp Ha

[poqeccEr [epeHoca u ropeur{r B KaMepax cropaHrrt c 3aKpyrKofi uotora u o6naAaer

lparTurrecrofi gnaqnrvrocrbro.

OcHosHrre pe3ynbrarbr Moero anaJrrna AocrtrlxeHufr concrcareJrfl, u3Jrox(eHHbrx I,IM B

TeKCTe Ar,rooepTaquvr, cBoISTcs K cneAyrouleMy:

Bo nreAennn (o6rerraou 8 crpauuq) AocraroqHo rcHo c$opuyrnpoBaHhr ocHoBHbIe

qenu la g4arrl,z' pa6orrr, [peAcraBneH aBTopcKrafi sgrrrA Ha HoB]r3Hy, upaxTl{vecKylo IIeHHocrb

r.r AocroBepHocrb nonfreHHbrx peynbraroB rr nepeqlrcJreHbr ocrroBrrbre pesynbrarbl pa6orrr,

BblHocrrMbrg H4 3arrllrr)r. B qenonr, BBeAeHrre [por43BoAr{T xopomee BneqarreHrle rI BbmoJrruler

3a.Aa.ry unlfopunpoBanlur trr,rrareJrr o Kpyre paccMarpr4BaeMbx B pa6ore upo6neu, I4x

aKTyaJrbHocrr,r r{ BrDKHocrvL a rarcKe o6 ocnonnrx qenrx Ar,rccepraqr4fi, eE crpyKType I{ crerIeHI,I

anpo6aquu.



B nepnofi rrraBe (o6rcuou 33 crpanuqn) npuneAeH xopouo crpyKryplaponaunrfr

o6sop coBpeMeHHoro cocrorHr.rr npo6reusr, a I,IMeHHo: xparr<zfi o6sop rexnonorufi

MarrogMqccr4ognoro cxraftrHr4r rorrJrr,rBa B KaMepix cropttHr{t rarotyp6nnnoro rurra,

npeAcTaBJreHbr LrMerorq[ecr B nr{TepaType AaIIHbIe o cTpyKType TerIeHuJI B KaMepax cropaH}It c

saxpygofi rroroKa, B ToM rrr4cJle npr,r Harruqull ropeHl,Ig, npv 9ToM aKrIeHT c.qeniur Ha

gKcneprrMeHTaJrbHbD( MeroA€x, [peAcraBJrena un(fopMar\krs. o rlMelorquxct B Mr,rpe JlepeAoBbrx

HCCneAOBaTeJrbCKr.rx cTeH.4rx, MoAen[pyrouvx TeqeHHe Lr fopeHrle B KulMeptlx cfopaHllt

raaoryp6znnoro rtrila c olrurrecKr,rM AocrynoM, orMeqenbr neo6xo4urvrrre pexrlMnbre

napaMerpbr r,r [cnoJrb3yeMrre rexurlqecKr{e pelreHl{t, rlo3BoJrtlorque e(f(ferctnnno [poBoAI{Tb.

orrrr.rqecKue r,r3MepeHr4r. Ha ocHoBe rrpr.rBeAeHHoro o6sopa corIcKareJlb nplrxoAlrr K

o6ocnosaHHoMy BbrBoAy o6 aKTyaJrbHocrr[ TeMbr ero Arlcceprarlklrf Lr rloKa3blBaer

ueo6xo4nnaocm npl{MeHeHvr coBpeMeHHbD( gKclepuMeHT{lJlbHbx MeroAoB, [o3Borsrol4'Ix

rrpoBoAlrrb r.rccJreAoBaHus.6es sogAeficrsur Ha crpyKTypy vr,u.IHilMI,IKy reqeHl{t B MoAeJIbHbx

KaMepax cfopaHl{s.

Bropar rJraBa (o6reuorrl 17 crpanuq) rnnrercr MeroAl{qecroft r,r [ocBtlqena orlrlcztrll4lo

o6clep[MeHTaJrbrrbD( creHAoB 14 rrcrloJrb3yeMbx MeroAI4K. I,IcnonrsonzlJrocb rprl

gKcrreplrMeHTaJrbHbx cTeHAa: MoAenbHas KaMepa cropaHllt qr{JrllHAplrtlecrofi reoMeTp}I}I'

pa6orarouqas.npn HopManbHbx ycJroBlr;rx rrplr WepeuHbrx rllitcJlutx PeftlronrAca, rlo3BoJlf,rolqaJtr

lrcloJr63oBar6 3aBlrxplrrenIa c parnzwroft reouerpueft; MoAeJIbHtuI KaMepa cropaHll.fl

rl[rilHApuqecrofi rcoMerpr4rr, pa6orarorqar [pt,r rIoBbIrIreHHoM AaBneuu]r (lo 2 aru.) u

peilrrcrrarrHbrx 3naqeHrrf,x pacxoAa Bo3Ayxa (.rucro PefiuourAca ao 150 000), uo4eJll4pylolqafl

TeqeHre sa (fponroBbrM ycrpoficrnou KaMepbr cropaHllt fTY; trloaemHas rtuepa cropaHl{t c

lJrocKtIMIl oKH€IMI,I Br.r3r4poBaHur, pa6orarorqafi KaK Irplr HopMaJIbHbx ycJloBl{flx, Ttlr( lE [p]r

[oBbrrtreHHoM AaBneHrr[, IIo3BOJrflrOIqafl r{ccJIeAoBaTb cMeIIIeHLIe I4 fOpeHI,Ie 3a AByXKOHTypHbIM

(fpontonurvr ycrpoficrrona uo4enrnofi reouerpuu. B pa6ote Ec[oJIb3oBaHbI, xopouo

3apeKoMeHAoBaBrrrr4e ce6s. s ruzponoft [paKTLIKe gKcrIepHMeHTaJIbHbre Mero,4bl ]IccneAoBaHafl:

aHeMoMerpr,rs rto lrso6paxeur{rM rracrr,rrl, B ToM tII,IcJIe c BbrcoKrIM BpeMeHHbIM pa3pemeHl{eM,

rrJrocKocrHzrfl na3epHo-r.rHAyrl[poBarrHar (frryopecqeHlllu [apoB alleroHa rI rqpoKcl,IJrbHoro

pa4vl(ura, BbrcoKocKopocTHarr perlrcTparlu.fl XeMI,IIIOMTIHeCIIeHIII'II rl{ApoKc}InbHofo paIJJdKaJra.

[w, auwm3a Maccr4BoB sKcrrepr.rMeHTaJrbHbx AturHbx 6sum [pI,IMeHeHbI MeroAbI aHaJrur3a

croxacrlrqecKrrx Ar{HutMrrqecKvx cr{creM POD (Proper Orthogonal Decomposition), DMD

(Dynamic Mode Decomposition) u MeroA rrrzrBHbD( KoMroHeHr (PCA, Principal Component

Analysis). Yponeur rnann([rEraqukr covrcnareJrr B yrtrrarlHbur Bblrtre MeroAI,IqecKI{x Bofipocax

AOCTaTOqHO BbICOK I,I COOTBeTCTByeT nyqrII4M M!IpOBbIM [paKTLlKtlM.



B rpetsefi HraBe (o6rervrou 20 crpauuq) upe4cmeJreHbr pe3ynbrarbr r.rccJreAoBaHr4fl

crpyKTypbr Lr aHaJfirsa.qrIHaMlIKLI TeqeHI4r B MoAenbHoft rauepe cropannr qnnuHlpr,rqecroft

reoMerpuu Arr pa3nurrnoft crenenu 3aKpyrKrr floroKa rrpr{ HopMzlrrbHsrx ycJroBrifi. B raqecree

ToTIJII,IBa I,IcnoJrb3oBulJrcr MeraH. flpe4craureHbr p$ynbrarbr AJrf, AByx xapaKTepHbx cJrfraeB

3aKpyrKrr rroroKa: ctlm;6as,3aKpyrKa - Ao pacrraAa BuxpeBoro flW4-vr ctrlrbnas.3aKpyrKa, Koropat

noApa3yN{eBaer Hairrque rpKo BbrpuDKeHHoro pacrraAa Br,rxpeBoro f,Ipa.r fxe Nffi

I43orepMurrecKoro rerreHrrf, B orcyrcrBrre ropeHr4r. flpoarrann:lrpoBaHa [pocrptficrBenna-f,

crpyKTypa uymcaquft IIoJIt cKopocrLr c nprrMeHeHr4eM MeroAa HraBnbrx KoMrroHeHT vr

ATIHaMI,IKa rloroKa Ha ocnoBe pa3noxeHrrr nonefi cKopocrI4 Iro .U,IHaMrlrrecKriM Mo,uaM.

OnpeAenena rorloJlorlu (fponra rrJraMeHr4 r{ qacrorbr rrpeqecc]r]r Br,rxpeBoro Ans cr,rmHofi

3aKpyrKll noroKa B cJrfrarx c ropeHr,reM r.r npn ero orcyrcrBlrlr. B uorore BbrrBJreHbr

crll4panbHbre Br.IXpr{ B BLrAe AsoftHoft crrkrpturbnofi crpyrrypbr c o.urr,rM Br,rxpeM Bo BHertrHeM

cJloe cMellreuux (rueNgy ocHoBHofi crpyeft u yrnoaoft gonofi pe{npKyJrflrJrau) u BTopbrM Bo

BHylpeHHeM cJloe cMerrreurlf, (MeN.qy ocnosHoft crpyefi 14 rIeHTpaJrbHbrM o6parnrru re.renraeu).

Hecuorpa Ha BJILtflHIIe ropeHr.rr, cr.rJrbHo-3aKpyrreHHoe reqeHlre xapaKTepr43yercr HaJrr,rqueM

pacna,{a BrlxpeBoro flApa B (fopue rry3brpr. ,{uuavura [oroKa orrpeAeJrrercs rro6aruHoft

cnupanbHofi uo4ofi neycroftur,rBocrtr.

B uerneproft r.nane (o6reuoru 10 crpanr.rq) npe4craureHbr peyJrbrarbr raccne4oranuft

crpyKTypbl TerIeHIi[ n uo4enrnoft KaMepe cropaHrlfl uuruHApuqecrofi reoMerpr.r[ npu

pezIJII,IcrrIqHbx 3uaqeHrrrx pacxoAa Bo34yxa (.mcno Pefinonrgca cocraBJrfio 1,5x10s) sa

(fponronurra ycrpoftcmoM MoAenbnoft reonaerpur.r. ,{nr rvro4enrapoBaHlrr flepeHoca naccunnofi

npI,IMec[ B rloroK 4odar'rlltnucb rrapbr arlerona. Heconanennoft oco6eHHocrbro Aannofi rJraBbr

flBIll.ercs. rronfreHlle oAHoBpeMeHHbD( nonefi MrHoBeHHoft cropocu.r kr KoHrleHrpzuryr]r, qro

lo3BoJIrIJrO rlpoaHanlBrrpoBaTb cMerrraHHbre Koppeirsrlv[u pr, B cBoro ouepe,F, [poBecrr,r orleHKr,r

gnaqeHr,rfi ryp6ynenrnofi Br3Kocrz, rcoe(fQzquenra ryp6ynenruofi .ur(ftfyszu, r.r

coorBercrByroqux sHa.reHzfi ryp6ynenrHofo qucna Illnrugra.

B nsrofi rJraBe (o6reuona 38 crpanzq) npe4craBJreubr pe3ynbrarbr rrccJreAoBaHr{t

typ6ylentHoro lepeHoca v cMerrreHr,rs rorrrrriBa B nroAermnoft KaMepe cropaHrrt

rasoryp6IalrHoro rLIra c (fponronrna ycrpoficrBoM paspa6orrz TURBOMECA s orcyrcrBlre

ropeHl,Is, a TaK)Ke pe3ynbTaTbr vrccJte oBaIJng. [JIaMeH MeTarra rr crrHTe3-ra3a KaK rlpu

HopManrHbD( ycroBrlsx, TaK u npr{ [oBbrrtreuHoM AutBJreHrrr.r r4 rroAorpeBa Bo3Ayxa. flpune4eno

cpaBHeHvIe AByx pexI,IMoB rroAaqr,r ro[Jrr.rna (ueran c napaMu arlerona). Oco6ennocrrro

AaHHoro (fponronoro ycrpoftcrna flB[rserc . Bo3MoxHocrb IIoAaqI,I TorrJrlrBa B orBepcrns MexAy

JroIIaroK paAl.IzlnbHoro 3aBr,rxpr,rrerrs. Nrs. co3AaHr4r o6eAnennoft ronnr.reonos4ynnrofi cMecr4 c

npeABapI,ITeJIbHo rrepeMernaHHbrM pexr{MoM ropeHus. s o6racrr4 Aexypuofo uraMenu. [1m



lpoBoAeHr,rfl r{ccneAoBaEufl rrpr.rMeHrnc.s MeToA aHeMoMeTpuII rro r,r3o6pzDKeHr4rM rracT}rrl B

crepeocKonl{qecKofi KoH(br{ryparl[]r v MeroA nJrocKocrHoft Jra3epHo-]rHAyqr.rpoBaHHofi

(frryopecqenrlnu [apon aqerosa./rrrApoKcr{nbHoro paAuKaJra AJrfi rrcMepeHl{fl nonefi cKopocrrl }I

KoHrleuTpaqlrwrroJroxrenur ([ponra [JraMeH]r B rroroKe c qrcrroM PeftuormAca 3x104. Ilorasano,

qro Bo3HlrKHoBeHrre repMoaKycrr.rqecKr,rx nynrcaqnfi B KaMepe cropanilt rIpE rIoBbImeHIroM

AaBneHr.ru BbrsBaHo ycr.rJreHr.reM npo4ormnoft MoAbr Lr corrprxeHo c orpblBoy rrJIaMeHV,

HaKo[JreHr{eM TorrJrr.rBa B rleuTpamnoft 3oHe pequpKynfiIr.M lr [ocneAyloq]IM

KparKoBpeMeHHbrM 6ucrprru cropaHr{eM, rrro rrprrBoAr,rr K reHeparlLu }rHTeucrrBHrrx nynrcaqnfi

AaBJreHlrr. Oco6ennocrrro Aaguoft rJraBbr rBJrf,ercf, rlp[MeHeH]re AJrt aHaJIrBa

rrpocrpaHcrBeHHrD( pacnpe4erenufi runerr.rqecrofi gHeprr{rr ryp6ynenrHocrl,I tpofiuofi

AeKoMlo3lIqlI[: pa3nOXeHIIe IIOJIT CKOpocTI{ HA CyI"IMy CpeAHeIO, KOfepeHTHbx vI

croxacrr,rqecKr{x rrynbcarynfr, a raKxe [p]rMeneHrre MeroArrKr{ yciroBHoro ocpeAueHl{t uorefi

KoHrleuTpaqlru naccueHoft [pr,rMecr.r, ru6o rrrApoKcl,Inblroro pa,u,IKulna rro MoAaM

oproroHulnbHoro pa3Jrox(enr{s norefi cKopocrl,I, rITo rro3BoJrr4Jro BrrepBrle olleHlrrb BKJIaA

KpynHoMacmra6nrur KorepeHTHhD( BrrxpeBbrx crpyKTyp B rrepeHoc Maccbl 14 rIMrlynbca.

llpone4ennrfr srrme arrurr4s ocHoBHbD( AocrrDKeHr,rfi 4uccepraqrrr4 fioKtnbrBaer, qro

pa6ora BbmoJruena Ha BbrcoKoM coBpeMeHHoM Mr4poBoM ypoBrre u o6tta.pLaer necouneunoft

nayunoft nonllsHofi.

Crenenr AocroBepHocrrr rroJryrrerrHbrx pe3yJrbraroB qpeAcritBrterc.ff AocrarorlHo

nrrcorofi BBlrAy cJreAyroqr4x o6crosreJrrcrB. MeroArr usuepenufi, 4pLIMeIrteMbIe n 4artrofi

Ailcceprarllrlr xoporuo ocBoeubr B HafrHoM KoJrJreKTr.rBe, rAe co]IcKareJlb pa6oraer. MeroAzra

I,rccJreAoBaHrrr nocrpoeHa rro [prrHrl]rny or rrpocroro - K cno)xrrol,ty. IrlccneAoBturrlt BKJIIoqaIor

KaK gKcrrepvMeHrbr fiplr arMoc(fepuou AaBrrenfiLr Anr Aocraroqrro rrpocroft rou(frnlpaquu

ropenorrHoro ycrpoficrBa, TaK kr r,BMepeHtrttrptr rroBbrrrreuuoM AaBneHlrlr B ycJroBrarx 6firsKrD( K

HarypHbrM no rrrrcny Peftnons4ca c lrclonb3oBarrlreM MoAenbHED( ropeilotlHbD( ycrpoficrn,

r{cnonrcyeMbx B uuponoft npaKTrrKe, TaK r{ oKcrreprrMeHTbr c ropeul,reM rlp}r rIoBbImeHHoM

AaBneHlrr,r I,r rroAo{peBoM oKzcJrLrrerrs.. Ilpuee4eurr peynbrarbl cpaBHeHns c pBBecrHbIMLI rI3

nr.rTepaTypbr pe3ynbTaTa\rv Apyflrx aBTopoB, noJrrreHHblMu I.Its allanolllqHbD( ropeJIotIHbIX

ycrpoficrn.

Crenenr o6ocnonannocrrr HaJ rHbrx rroJroxeHuft rl srrnoAon, c([opuyJrl4poBaHlrbD( B

Ar4cceprarlrar,r, npeAcraBnrercr MHe BecbMa srrcorofi BBLtAy cJreAyloqllx o6crorrenrcre.

Bnepnrre [poBeAeHbr oAHoBpeMeHHbre r{3MepeHrrfl MTHoBeHHrD( noneft cKopocrl,I Lr

KoHrIeHTparILru flaccuBmoft npurvrecrr, Mo,4eJrlrpyrorqefi TorrJMBo, rrro rlo3BoJruJro oIIeHI,ITb BKJTaA

KOrepeHTHbD( CTpyKTyp B MaCCOlepeHOC u orIeHVTb [pr,rMeur{MocTb rp4ArIeHTHED( rraoAenefi

3rMbrKaHr,rr rrpz perneHr{u ypaBHenrfi Hanre-Croxca, ocpe.uHeHHbrx no PeftnonrAcy NIe.



,4zurHoro rr4na reqeHuft. Bnepnbre Ns MoAeJrbHoro AByxKoHTypHoro ropenorluoro yctpoficrna

npoBeAeHbr lr3MepeHr{fl crpyKTypbr reqeHprr Ia rroJro]KeHr'rx (lpoura rrJrtMeHI,I [p]I rloBblrtrelrHoM

EaBJreIIuIrJ u TeMIIepaT)ape, IITO IIO3BOJILInO uOn) IzTb KOJIIIFIeCTBOHIIEIO OII9HI(H BICIIaAa

Kpy[HoMacmTa6HbD( BrrxpeBbrx crpyKTyp, BKJrroqar rpeqeccEpyroqee BnxpeBoe tApo, B

Typ6yleHTHbrft uepeHoc v flepeMemr,rBilHrre KaK Ars rorrnvBa B ocHoBuofi, tar LI B ,qex(ypHofi

3OHE. I/bMEPEHHbIE IION' CKOPOCTLI AJI' PA3JILIIIHbD( PEXCIIMOB TOPEH}I' IIOKA3AJI}I IIP}ICYTCTBI{E

KOrepeHTHbx cTpyKTyp, cooTBeTcTByroqux KaK rrpoAoJrbHbrM, TaK u [ouepeqHbrM Mo.{aM

rrrApoAr.rHilMr4qecKofi HeycroftrrraBocrpr. .{annax znQoprvraqr,rr rrp$Bbrrrafino none3ua ]r Moxer

6rrrr ucnoJrr3oBaHa npv npoeKTr{poBarrr4rr coBpeMeuHbx MaJrogM}rcc}roHHbrx KaMep cropaHl,It

raroryp6unHoro rr4rra, pa6oraroqux rro rrp]rHrlurry c)Kr{raHu.f, <<o6eAnennofi> cuecu. fny6ornft,

ncecropouurafi atraJrvrg gKcrreprrMenTaJrbHbD( AarrHhx c rrprrMeHeH[eM ptBJILIqIrbx,

AonoJrHrrroqrx rpyr Apyra, rroAxoAoB K r{x o6pa6orre, correraercr c cotlocraBJleu}reM

flon]rureHHbrx pesyJrbraroB c p$ynbraraMrr [peAbrAyrqrx pa6or. ,{uccepraq[r [peAcrttBIrflercs

Aocrarorrno qenrnofi, roruqecKr.r 3aBepmeHHoft, a e€ BbrBoAbr xopomo o6ocnonanrr.

3aMe.raHns:

1. B rnane 3 mvporo o6cyxAaercr [pocrpaHcrBeHHilr crpyKrypa rJIaBHbIx POD-uol ronefi

uyrucaquft cKopocrr.r KaK Ars [3orepMr{trecKoro reqeHrlr, TaK ]r Ant rrJraMen o6eAuenuoft

MeraHoBo34ymnofi cMecfi, oAHaKo He [plrBe4eHbr paclpeAeneul{fl KoM[oHeIrr rr,rnerlrqecroft

eneprlru ryp6ynenrHocrr{.

2. B fraee 4 [peAcraBneHhr noJrr vr npoSnnu uporr3BoAHbD( rryrrcaqufi cKopocrl4,

KoHrleHTparlrur fi cMemaHHbrx roppenxqufi, oAHaKo He yra3arro KaKas [cloJrb3oBaJlacb

antfQepeuqrurbnas. cxeMa npr,r o6pa6orKe rrepBLrrrHbrx oKcrreprrMeHftIJrbHbD( AaHHbx.

3. B frase 5 o6cyx4arorcfi rrJraMeHa Merarra u cr,rnTe3-ra3a, oAHaKo He yKa3zur xmr,rr,r.recKufi

cocTzIB cnHTe3-riBa.

3arurroqenue

CAenannrre Bbrrle 3aMeqililr.rr He cHLrxiuor o6rqyo BecbMa BbrcoKylo oIIeHKy

Alrccepraqupr l{prxrarneea JI.M., [peAcraBnflorqyro co6ofi 3aKoHqeHI{yIo Ha1qs6-

rnanr.r([rmaqlroHHyro pa6ory, n r<oropoft coAep)Kr.rrcr pemeHr{e saxffioft nayruoft 3aAaqu

gKcrreprrMeHTaJrbuoro [ccJreAoBulrrr{r 4porleccoB rrepeHoca B KaMepax cropaHr{r c saxpymoft

[oroKa. Teua Ar.rcceprarluru flBrrfiercr aKTyanbr-.oit, a xapaKTep BbmoJIHeHHhD( LlccneAonanzfi

coorBercrByer crreqlrirJrbHocrrr I.3.14. - reunotfu3filrla v reoperurrecKar{ TerrJrotexnura. Bce

ocHoBHbre p*yJrbrarbr Arrcceprarlulr xoporlo orry6nmonanrr B oreqecrBeHHbrx ?l

MexlynapoAHbrx HafrHbrx vlc4anrrflx, sce 24 uy6nzraqnri - B r,BAarrlrnx, BxoArru,rx B [epeqeHb

BeAyrqlrx perleH3r,rpyeMbrx xypHzrrroB, peKoMeHAoBaHHbD( BAK, a raK)Ke mLIpoKo o6cyxAalI,Icr



Ha poccuftcKrrx lr Mex,4yHapoAHbx KoH(bepeHrlr4ff. ABTopeoepaT cocTaBJIeH B cooTBeTcTBlr[ c

ycrzuroBneHHbrMr{ Tpe6oBaH[rMr{ rr orpiDKaer coAep)KaHrle Al{cceprallrur.

cynarranpyx BbrrtrecKzBarrHoe, Mo)r(Ho 3aKJrrorMTb, rrTo uo csoefi aKTyulnbrrocru, o6teruy

BbmoJrHeHHoft anropona pa6orrr, HoBrBHe rrofifreuubrx r,rM pe3yJrBTaroB, I{x AocroBepHocrl,r,

Haynroft vt npar<rravecrofi 3HarrlrMocrrr, Ar{cceprall}rt rllrxlrureea JI.M. <@ugvqecroe

MoAenlrpoBaHrre npoqeccoB rrepeHoca B KaMepax cropaHl{t c sarpyrrofp rIoroKD)

yAoBnerBopser rpe6onanunu dlonoNenzs o [p]rcy)K,ueHrl]r freHbD( creneneft>>,

yrBepxAeHnoro flocrzuroBJreurreu flpanzreJrbcrBa Poccr,rficroft @eaepaql,Iu or 24.09.2013 Ns

842, a ee aBTop, HecoMHeHHo, 3acJryxrtBaer rrpucyxAeHr{r eMy yqeHofi crenenn KarrA[Aara

Szsnno-uareMaruqecKr.rx HayK rro creqvarrbuocrlr 1.3.14. - Teuro(fu3wKa u reoperrrlecKafi

TEIIJIOTEXHUKA.

Olfuquamnnfi orrroHeHr, AoKrop rexHuqecKrx HayK (01.04.14 - Tenno(ffisvlna vl

MoneKynf,pnaa (fnszra), ee4yrqzfi nay*rrrfi corpyAurrK ra6oparoplrrr aKTrlBHbD( KoJrJIoEArGrx

cr{creM OfByH O[grrecroro ]rncrr.rryra una. fI.H. Jle6e.qena Poccuftcroft arcaAerraul{ HayK

f,r,r,'^n 607.12.2022 Ku.raron Bopuc Bnrroponu.r

Ilo4nucr Kzqarosa E.B. sanep.aro

V.reHrrft ce{perapr, (D|EYH

@zsI't.recroro LtHcrltrvra uM. fI.

r.$.-rvr.n. Koro6os A.B.

floqrosufi aApec: Il999I |CII-I
Tene([on: +7 969 086-30-14;
Aapec eneKrpoHnofi no.rrrr: kichatovbv@lebedev.ru
(De4eparnnoe rocyAapcrBeHHoe 6roAxernoe fryexAeulre HayKrr @r,rsr.recKr,Ift nncturyr uu.
II.H. Jle6elena Poccr,rfi cr<oft axaAeMr,rrr HayK

-fl, Kuvaroe Bopzc Brarropoeuq, Azrro cornacue Ha BKrroqeHr,re cBorrx flepcouarlbHbx AaHHbD( B

IoKyr\[eHTbr, cBr3aHHbrg g 3ulrr[,rrofi ,4,rccepraquu 9urzrneBa JleonnAa Mzxafirosvma, ur ulx
4anruefimyro o6pa6omy.


