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Ha Ar4cceprarlr4onnyro pa6ory PHKosa EnreHr4r BaneHTZHoBr4qa

(BrLlrHHe cocraBa 14 cBoficrB aJrroMLIHr4eBbIX cnnaBoB
noJrylreHHbrx MrrKpolyroBErM oKcr,rArrpoBaHr.reM,

pa6orocloco6nocrz 4eraneft KocMl4qecKofi TexHrrKrr)), [peAcraBreHHyro Ha cor4cKaHr{e
cTeIIeHrr KaHATIAaTa TeXHrIqeCKr4X HayK nO CneqtraJrlHocTu 2.6.17 .

<MarepzaloneAenr{e)

Anrya.lr,Hocrb reMbr Inccepraqr.roHHoft pa6orr,t.

Pa6ora flocBrrrreHa aKTyiurbHoMy Borrpocy - ror4oKy rexHoJrorrzrrecxux peuenufi
IIo npeAoTBpanleHrrro aAfe3l4rr B BaKyyMe rr noBbrrrreHrrlo SKcIlJIyaTarI[oHHbrx cBoiicrB
KoHTaKTrIpyrcqI4x Aeraret 143 aJIIoMaHI,IeBbIX cIIJIaBoB, IIprrMeHreMbIX B KocMrz{ecKrrx

II rrapaMeTpoB noKpbrTr4fi ,

Ha XapaKTepI4CTI,IKLI

OT3bIB

annaparax (KA). cosgaHr4e floKpbrrr4fi, croiiKrrx K ibpirKr{uoHHbrM r.r Br46paq[oHHbrM



HAIPY3KAM I4 IPEN'TCTBYIO4I4X AAIC3}II,I, I4CCICAOBAHITC I4X OI4 3IIKO-MEXAHI4IIECKI,IX

cBoiicrB BecbMa aKTy€r.,'rr,Ho AJr-rI y3noB pacKpblTrrt KA c g.nl{reribHblM OXnAaHr{eM
AKTI,IBAIII,II4. fJIABHb]M OAKTOPOM, OIIPEAEN'IONIUM YCIIEIXHOE PCIXEHT4 E 3AA AqI4, flBJIflETCg.

pa3pa60TKa floKpbrrfir, gKcnryararlrroHHbre xapaKTepr.rcrr4Kr.r Koropofo o5ecnequsarcr
Tpe6yeMbre 3aururHbre cBoicrBa noBepxHocrr4. cnoco6 sopuupoeaHu-,r, pe)r(r4Mbr efo
peur43ar\r4t1 crpyKrypa u $aroer,rfi cocraB noJIrnHbI o6ecnequrr rpe6veuue
MexaHr.rqecKue ra rpu60rofleuecrlIe ceoiicrsa. B srofi cBr3rr rr4cceprarlr4oHHas pa50ra
Pr'rnona E.B ', noce.arqeHHa-S Hayr{Ho-MeroAlqecKoMy o60cnonarurrc It onpeAeJIeHUIO
BnuflHufl reoMerpaqecKr4x napaMerpoB Z $USlrr<o -naexaHrl qecKr,IX CeOfiCre
KoHTaKT'pyrcqtx 3JreMeHToB c M{O,nor<phrrfieM, Ha ax corporr.rBJreHr.re
Itoirr6rannpoeaHHrrrra eu6paquoHHbrM r,r QpnnquoHHr,ru nos4eftcrnzru, npr6luxeHnrrir,r
K YCJIOBI,I'M BbIBEICHII' KA HA OP6UTY, IPENCTABISCT HECOMHEHHYIO AKTYANbHOCTb KAK

c HayuHofr. TaK H c npaKTr4qecxoii ro.rru 3peHHr.

O6rqaq xapaKTepr4crrrxa pa6orst.

Anropon paccMorpeHbl anapnfiuue cryqau) Irporr3orneAirrrle c KocMI{qeoKrzMI4
ANTAPATAMI,I I]O BI4HC ATTE3I,II4 KOHTAKTI4PYIOIqI4X IIOBEPXHOCTCfi YSION PACKPbITI4, B

ycnoBrif,x BaKyyMa. C4elau BbrBoA o roM, qro ocnosHofi npvvunofi a1re3uu
KoHTaKTnpyroqux noBepxHocreii n narlyue flBnflerat r43Hoc 3arurrrHrrx norpurufi na
3Tarle BbrBereHl4r KOCMI4qeCKOTo annapara parerofi Hoc[TereM, Brrnoluen o6sop
npr'rMeHreMbrx norpsiruf paKerHo-KOCMUqeCXOfi OTpacrr4 roxprrruil h r4x
ycroiiuunocra r eos4eficrnzro Spemuura r.r MrrKpoyAapa. Onucas flpr.rHrlr.tn pa6oru
THnoBoro MexaHI'I3Ma pacKpbrrl'Is KocMlirrecKofo an apa-ta, B KoHcrpyKrlltr{ Koropofo
qe,recoo6pasno npr4MeHeHr4e M,,{o-nonpuraq. Ha ocuosaH um ala]ru3a paccMorDcHHhrx

$oprr,tr.rponaulrr

TEOPCTIZIIECKI,IX X 3KCNEPIIMEHTIUIIHrIX AAHHrIX C$OPIr,rYIrZPONAUA IIEJI6 14 I]OCTABJIEH6I

:a4avu pa6oru.

B pa6ore rrpoaHaJrl43upoBaHri coBpeMeHHbIe flonxo.qbr K TeXHO!'rOruu

M[O-noxplrruft. Onucasu 3KcrreprrMeHTaJrbHbre o6pa^:qrr 1Lnfl
fipoBeneHfls HarypHbrx sKcnep],rMeHToB ir pexr.rMbr sopulrponaHas Ha Hnx Mno-
rroKpbrTI4-'I .

Anropov no4po6no orrr4caHhr oco6eunocru Sr.r:uro_rr.rexaur4qecKr.rx Bo3nefrcrBr.rfr
Ha KOHTaKTT'rpyrcqr4e rroBepxHocrr4 3JreMeHTOn pacrprirzx KA npu nureAeHlru pareroil_
HocI4TeJIeM, MerorI4KI'I 3KcIrepI'IMeHTaJIbHoro I{ccreAoBaHlrr rr3Hoca paccMarpqBaeMbrx



J

M.{O-norpuruil i.r rpurep}rr4 orleHKr.r aHTr.raAre3rroHHbrx

nocr'reAoBarenbHbrx craAza pi*pyrreHrrr MlO,norprrrufi :

csoficre. Bsr4eneuo rpu

- lpperrunr-lrsnoc;

- MLl KpoyAapHoe nos4eiicrnrae;

- KoM6r.iHarlr4r Mr4KpoyAapHofo no:4eilcrtua rr rpeHr4,

flpune4eno onrrcaHr4e pa3pa6oraHroro aBTopoM lpucnoco6leHza AnA
npoBeAeHr4-rr 3KCneprlMeHTa. onucantr pexrrMr,r nra6ponarpyxeHr4r rr noKa3aHr4_fl

pefr4 crpr4pyrorqefr annaparypbr.

B 4tlcceprarlufi npI4BeAeHb] pe3ynlTarr,I aHaJfir3a 3KcrIeprrMeHTa,rIbHbIX AaHHbrx
lpo(pzlorpauM 3oH I43Hoca Ir cHITMKI4 3oH r43Hoca fipu 6o,rrlrou pa3perrreHlrr.r. Ontrcaurr

!pusnro-ruexanulrecKrze oco6esnocru M,{O-nolcpurul, I1po_flBrrroulzecr npn
aoa4eftcrnalt c(bepr4.recKoro rrHAeHTOpa Ha 3Kc[epr4Meuralrnrrfi o6pa:eq. Brr.f,sreHo
Brrr4flHve rBepAocrx Marepr4aJra ocHoBBr na crofixocrr ocHoBbr K yAapHbrM u Qperrr.rur-
Harpy3KaM. llo pesyJll'raraM 3KcnepriMeHTaJrbHoro [ccneAoBaHrzr, yror{HeHo ypaBHeHr.re

pa3pyrxeHr4r KepaMV qecKoro noKpbrTr,rr nnfl crryanfl yAapHoro nos4eftcrnz.r
c(pep[qecKofo r.rHAeHTOpa. llolyueurr rpaozxr.r 3aBr.rcr.rMocrr4 rry6uuu r.r3Hoca
gKcrreprrM eHTaJrruux o6pasqoB or ronrquHbr M.{O_nonptrrrzl.

B Kaqec'rse e$$er<ru*roro cnoco6a peureHr4.rr npo6reur,r e pa6ore [peAJro)r(eH

CIIOCOO QOPMIIPOBAHI4-'I HA ACTAJUIX I,I3 
'UIIOMIIHI,IEBEIX 

CIIIABOB TIOBEPXHOCTHOTO CIO-f,

MeroroM Mr'rKpo.4yroBoro oKcr.rrr4poBau[a (M[o). 3s(perrznnocrr, npe4loxeunofi
TexHoJrofr[r noATBepxAeHa pe3ynbraraMrr HarypHbrx ucli'strauuft srcnepzueuraDnofi
MOAeJrr4' uMr4Tr4pyroqefr rnnoeofi y3eJr pacKpbrrun, na nn6pocreH4e. llo pe3ynbraraM
o6pa6orr<lr 3Kcnepl4 MeHTa.r'rbHhIX .qaHHblx aBTopoM 6u,ro rpepoxeHo MareMarrirrecKoe
ofirzcaHrre pa3pyrxeHr.rr MIO-noxptrruii ua o6pa:qax r43 alrroMr4Hr.reBbrx cnnaBoB.

Har.r6o,ree Ba)KHbre no.r'ryqeHHbre pe3y.,.rbrarbr

Hayuuan HoBlr3Ha Ar.rcceprarlr4oHuofi pa6oru prrxosa E.B. ue BH3brBaer
coMHeHIlt 14 3aKJIIOqaeTCt B CneAyrolleM:

Anropona no4po6uo orrr4caHbr cra1uu z Sz:zlco-lrexaHuqecKrrx flpoqeccoB
pa3pyrxeHr'rr Mlo-nonpurufi rpr4 eo:4eilcrnuu clpepzuecnoro r4HAeHropa. B
pe3ynbrare n Anccepraqzonuofi pa60re [or'ryqeHbr r4 3KCnepr4MeHTaJrbHO

NOATBEPXAEHI'I MATCMATI4qECKI,IE 3ABI,ICI,IMOCTI4, KACATqI4XCA IITZST,TXO-UCXAHLqECKI4X



cBoiicrB M.{o-nonprruril, c(poprr.rrapoBaHHrrx na o6pa:qax 14 aJrroMuHr4eBbrx crrJlaBoB, a
I4MCHHO:

- 3aBr4orrMocrr.I r43Hoca M[O-nor<prrru.s or csoftcrs Marepr.raJra ocHoBbr, rrapaMerpoB
noKp6rrrrr u ycroBuii HarpyxeHr,rr;

- 3aBr4Cr4MOCTU CrOfirOcrn o6pasqa c M[O-norprrruelt nJroqaru K'HTaKTa
nos4efi creyrorqef o HHAeHTopa.

llorryveuuue 3aB14crIMocrl4 no3Bo,lrlor reoperllqecKI4 onpeAerrrb Heo6xoguurre
IIAPAMETP6I AHTI4AAIC3]4OHHbIX NOXPITTUi1 AN'I 3AAABACMI,IX 3KCIIIYATAIIIIOHHbIX
pe)I(I4MoB, a raKll(e 3aAaBarb onrI4MaJIbHbIe reoMerprrqecKlie napaMerphr
pa:pa6arunaeMhrx KoHTaKTrrpyrcqr4x e,relreuroe KA

PenoueuAarluu 
''o ''paKTuqecKoMy 

rrcno.r'rr,3oBaHl{Io ocHoBHbIx pe3yJrbraroB
Ar.rccepTarIIIrr

llparruvecraa 3HaqrrMocrb Allcceprarlr4oHnoft pa6oru 3aKJ'rrolraerct B pelrreHl{r4

IPI4K,'IAAHOj,I 3AAAqII CHIII(CHI,I' I43HOCA KOHTAKTI4PYIOXII4X sJTEMCHTOB Y3J'IOB PACKP6ITI4.
KA npz BbrBeAeHr4r.r H rrocJreryrcrueii 32rrlr4Tr,r or aAre3r{H B BaK}yMe. pa.:pa6ora'uar
ABTOPOM METOAI4KA IN' }ICCJICAOB AHLIfr U OIIEHKIZ B HA3CMHbIX YCJIOBI4-'IX $ZSiZICO-
MexaHI'IqecKI4X XapaKTepucrnK noBepxHocrHhlx CJTOeB n:auuo4eficrnylorqlrx SJreMeHToB

nprr KoMrrreKcHoM BO3.4efrcrBr.rn Mr.rKpoyAapHolro z sperrraHroBofo Hafpyx(eH'f
pacrulrp.{er Bo3MoxHocrl4 no paspa6orlce 14 rrpIIMeHeHr4ru HoBbIX TI4IIoB IIepcrreKTlrBHhIX
aHTIIaAte3r4oHHbrx norcDsrrufi. flpaxu.ruecraa 3HAq]{MOCTb pe3yJrr,TaToB

rloATBep)I(Aaerct aKToM aclronb3oBaHlIr pe3y.,'rbraroB r4ccJreroBaHl,Ir B aKqII oHepHoM
o6rqecrne <Hayuuo-npolr3BoncrBeHHoe o6reguneHre ulrenu c. A. ,llaeoqKuHD (H|IO
Jlanoqrr.rua>.

{ocronepnocrb noJryqeHubrx peyJrbraroB

AOCTOBEPHOCTb NOIYIICHHbIX B AIICCEPTAIIUOHHOfi PA6OTE HAYqH'IX PE3YJIbTAIOB
loATBep)Kraerct IrprrMeHeHI4eM coBpeMeHHbIX MeroAoB 14ccreAoBaHI4{, xopolxr4M
COBI]AAEHXCM PC3YJIbTATOB TCOPCTI,IqECKI4X PACI{ETOB II sKCNCPI4MEHTZUIbHbIX AAHHbIX.
tr4:rr.repeuua fipoBolr.inacb npr{ noMollu cpeAcrB rr3MepeHr.rr, fipolreAtrr4x
Merponorl4qecKyro noBepKy, c Itcnonb3oBaHueM anpo6uponaHuux MeroAI4K.

AOCTOBepHOCTb MareMarr{.recKofi MOAeJrr4 06ecnequsaetcq coBpeMeHHbIMI4
pacrrerHblMu MeroA[KaMrI MoAe.IrIIpoBaHr,It c I4cnoJ'Ib3oBaHrIeM Merona KoHeqHbIX



3JIEMCHTOB' A TAK)KC BCPUOIZKAIII4Efi MOAEJI}I 
''O PC3YJI'TATAM AHAIIII3A I]OKA3AHIIfr

aKceJlepoMeTpoB B xoAe Bri6paqr.roHHbix 11 crrbrraHr{jl.

3aMeqauuq K Arrccepraqrrounofi pa6ore:

1. B pa6ore orcyrcrByer o6ocsonasue nrr6pauur,rx ra6apnrHo-lraccoBhrx rrapaMcr-
poB 3Kcflepr,rMeuralruofi ycraHoBKr4.

2 B rcaqecree Kpr'rrepr' aAre3r4rr KoHTaKTnpyrorur4x 3JreMeHToB He rrpl.Me'rnc_{ Me-
To,4, ocHoBaHHr,Ift Ha uenrpz.recroii npoeogr.lMocrlz B 3oue KoHTaKTa.

3 He paccuorpeHbr cryr{aa g,ra M,,{o-norp sruitL c yAa!'reHHr,rM (TexHonorr{qe-
CKI,IM> CJIOCM.

4 B 4lrccepraquounoii pa6ore He paccMorpeHa crpyKTypa B 3oHe KoHTaKTa n oocraB
npoAyKToB I43Hoca, a raruKe I4x BJrIztHI4e Ha a,4fe3r4ro KoHTaKTI4pyrorqI4x loBepx-
Hocreil.

orMe'IeHHrre HeAocrarKl4 He cHl4)I(alor rayuuoii u npaKTl4qecKofi sHaqr.rr4ocru
Ar4ccepraurrtr r.r o6rqei orIeHKu pa6orur.

3arctrroqeHue

fiuccepta'J.un PHKoea Egreur.r-{ Ba,re'ruHoBlrqa BbrnorHeHa Ha BbrcoKoM HayqHo-
TexHr4rrecKoM ypoBHe u flpelcraBrrer co6ofi 3aKoHtreHryro HayqHo_
xna'nlisr'*aqlrounyro pa60ry, n xoropofi, Ha ocHoBaHxrr Br,rrroJrHeHHbrx aBTOpOM
lrcc,re40naureii, perxaercr Balr(Har nrr paKerHo-nocuvr qecrcofi orpacJrr4 npo6reua
3zrrllrrbl or aAfe3li[ B BaK]yMe KoHTaKTl{pyrcqtrx 4eraleil 3 aJlroMrrHlreBbrx clJtaBoB.
nprrMeHteMbIX B KOHCTpyKIII4 rI KOCMI4qeCKI4X aIInapaToB.

Pe:y.nrrarsr Arl cceprarlnoHnofi pa6oru, BbrHocr.rMbre Ha 3arrlr.rry, nporir,lr.i
anpo6aquio Ha 21 uayuuo-TexHxqecKr4x xonQepeHqaax, ony6rizroeaurr r 35 nayqnrrx
pa6orax, ra: rurx 13 B r4s1altflx, BxoArlrryrx s nepeqeHr BAK.

Anrope@epar u ony6lzr<oeanurre pa6orur rroJrHocrt ro orpaKaror coAepxaHr4e
Ar.iccepTarlr.irr.

rlo uayunovy ypoBHro, [oJ'ryqeHHbrM pe3yJr.TaraM, coAepxaHr4ro rE osoplr:reunro
lpeAcraBneHHax pa60ra yAoBnerBoprer rcerra rpe60 BaFLvrr.,' n.n. g-16 llonoxenu., o
npucylr(AeHHr4 yqeHhrx creneHei, yrBep)KAeHHoro llocraHosneur4eM rrpaBr4TeftCrSa p@
or 24 ceurn'pn 201 3 r. Ns 842, a ee aerop pi,mon EsreHrafi Ba,reHrrrHoBrrq, 3acrrylr(r4Baer
npl{cy)I(.4eHut yqeuoil creneHu KaHnI4Aara rexHriqecKr{x HayK rro cleqr.r €urbHoc ru 2.6.77 .

<Marepzalose4enrze> (rexuuuecxae sayrlr).



.{uccepraqzonuar pa6ora v or3hrB paccMorpeghr Ha 3aceRaHr4rr <IIeHrpa uoebrx
Marepr{€uroB u :rexno;roruff)), [poroKoJr J\b g or 2g wan 2023 roga. Ha sacenanuu
npl4cyrcrBoBaJro l1 'ureHos r'ts 15. pesynnrarbr roJrocoBaH r4a: <3a>> 11, rporur - Her,
BO3AepXaBIXr,XC.r{ - HeT.

flpe4c e.4are:t sac e 1arLr4s

[uper<rop qeHrpa

AOKTOp TeXHr.rqecKr4X HayK,

npoQeccop

Cyu r,r Hor l,Iropu Br vecnaBoBt4rl


