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3AKNIOqEI{I4E
ArrccEPTArIrroHHof o coBETA 2 4.2.32',t .0 4 (L.2r2.r2s.rs ),

CO3AAI-IHO|O HA EA3E OEAEPAJTbHOfO |OCy,4APCTBEHHO|O BTOAXETHO|O
OBPA3OBATEJIbHO| O YqPEX,[EI]I4' BbICIIIE| O OEPA3OBAI]II'

(, MOCKOBCKI4R ABLJAUT.{OHI-Ib[Z ].4 HCTT4TyT
(HAUlioHAtlbllbilZ uccnEAoBATEJ'tbcK14tZ vuuseecntetlu

MI4HIICTEIcTBA HAvKI4 14 BbICIIIEto oEpA3oBAHr4r poccraficrcotZ oEAEIALII4I4,
IIO AIICCEPTAUI4I4 HA COhCKAH]4E YqEI-IOh CTEIIEHI-I KAHAI4IATA HAYI(

arrecrarlrroHHoe 4eno J,,ll

peIIreHI4e Ar4cceprar-lr4oHHoro coBera or 22 gexa6pt 2022 ropa Nc 1,90122

O npucyN4enur.r llanlony IOparo Cepreennuy, fpa)KAaHV Hy Pocclr ficxoi1

@egepaqau, yueHoi crerleHlr Karp.v4a'r a rexHHrIecKHX HayK.

.{uccepraqzx <Zccle4onauue cocraBa, crpyKTypbl a ceoilcrs MarFrerpor.tHr,rx

TBepAocMa3oqHlrx rior(pbrrr.rfi TiN-Pb> no cneqr4a.lbttocru 2.6.5. dlopouxonal

MeraJrJrypfr4fl r4 KoMrro3r4rlr4oHHbre Marepraarbr> npr4Hrra K 3atuure 13 orcn6px 2022

f., nporor(oJr Np \76122.qrrcceprartr4oHHbrM coBeroM 24.2.327.04 (A 212.125.15),

co3AaHHbrM Ha 6a:e Qe4epanrHoro rocyAapcrBeHHofo Sto4nternoro

o6pa:onarer ruo ro yrtpexAeHur Bbrcuelo o6pasoaaHnr <Mocrconclcufi

anzaqr.rouurrfr r{Harr4ryr (iraquoualrnrrfi uccneposarelrcxrft yuranepcrzrer)>

Muuracrepcraa HayKV 14 Bbrcrlefo o6pasonauun Poccuficxofi @e4epaqrzn, 125993, r.

Mocxna, Bo:ror<olalrcxoe rrrocce, a.4, npuras o co3.{aHun coBera Jric 129/uK or

22.02.2017 r. lz npuKa3 o BueceHlrlr ugir,reseuzil B cocraB coBera J\s 692lux o.r

18.1 1.2020 r.

Coucxarelr llaeros IOpuii Cepreesuu, 02 aBrycra 1993 ro4a po)r(Aeuar, B

2017 r. onoHr{r4Jr Qe4epanr,uoe focyAapcrBeHuoe 6ro4xce'ruoe o6pasonareJrbnoe

yqpe)KAeHr.re Bbrclrefo o6pa:onanul <MocxoecKu fi anuaquouuui vrHc.tv-ty.t.

(naquonaruuufi ucclegoaare:rr,cxzft ynunepcrzrer) >>, s 2021 f. oKoHquJr oqHylo

aclr4paHrypy se4epa,rrHoro focyAapcrBeHnoro 5ro4x<eruoro o6pasoBareJrbr-toro

yrrpexAeHr4r Bbrclrefo o6pasonaHaa <Mocxoncrclrft anuaquoHur,rft r4HcrHTyr

(naqrzoua,rr,Hlrfr tcc;reAoeareltcxafi yHranepcrlrer)>, pa6oraer 3aBeAyrcxlr4M

na6opa'ropuefi e Qegepa:nnoM rocyAapcrBeHnoM 5rclxerHov o6pasoeare,uuov



yqper(AeHua Bbrcrlero o6pa3oBaHr4q <MocrcoecKrafi aeaaquoHuui r4ucruTy.l

(naquoua:rsH;tfi uccregosareJlbcKr4ii yuraeepcarer)> Mauucrepcrea Hayr(r4 vI

Bbrclrefo o6pa-:oeaulvr Pocczftcxoii @e.qepaquu.

[uccepraqun BErnoJTHeHa Ha r<a$e4pe <Texsonolrzn 14 CI4CTeMbt

npoueccoB)aBTOMaTZ3UpOBaHHO|O npoeKTr4pOBaHr4r MeTauypfuqecKrix

Se4epa:rl,uoro rocyAapcrBeHHoro 6rolxceruoro o6pa:oBarer6Hofo yqpe)KAeHr4t

Btlcuefo o6pa:onauua <Mocxoecrnfi anzaquouurrfi r4Hcrr4Tyr (naquonalruufi

14ccrreAoBarerrrcrlrfi yHr.reepczrer)> Muuracrepcre a Hayr{Lr 14 Bbrcrrrero o6pasoeauu_n

Poccrzfi cxofi @ e4epaquz.

HayvHrrfi pyKoBoArrren;:

AoKTop rexur4r{ecKzx nayr<, npo$eccop, JlosonaH Aler<caH4p A:rercair4ponuu,

Qe4epal*roe rocyAapcrBeHHoe 5rc4xernoe o6pasoearemuoe yqpelKAeHr4e

BbrclIrero o6pa:orauux <MocKoecKHii atzaqzoHHufi r.rHcrr4Tyr (naqzoHaltn;rii

r.rccregonareltcrui yurznepcrarer)>, xaSe4pa <Texuolorzu u cr4creMbr

aBTOMaTU3T4pOBaHHOfO [poeKTr4poBaHuq MeTannypfr4 r{ecKr4x npoqeccoB),

npo$eccop.

O Su qraamuue ornorJeHTbi :

OeqfiHHr4Kos Bur<rop Bacallewlu, AoKTop rexFrrzLrecKr4x nayr<, npo$eccop,

Qe4epa.,rsHoe rocy.4apcrBeHHoe aBToHoMHoe o6pa:oaare:rtnoe yqpexAer.rr4e

Bbrcmefo o6pa^:onaulrx "MocKoecKr.rfi [oJtr4TexHrrqecruil yuznepczrer", rarpeApa

<MarepualoeeAeHrze>, sane4yrcqzii xadle4poii.

Cuzpuona Auactacnq Huxo:raeaHa, KauAtr.4ar rexHur{ecKr{x HayR,

At<tluouepuoe o6ulecrno <Haquoua:tur,rii raHcrnryr aBr4arlrzoHHr,rx rexHo,rorlifl),

HAqAJI6H}IK OTNENA

AzuI14 TTOJIO){HTeJIbFIbIe OT3bIBLI Ha AI4 CCepTaI{I4}O.

Be4yqar opfanrz3arlr4r $e4epa:tuoe f ocyAapcrBer-rnoe 6rc71xe.rlroe

oopa3oBaTelbHoe yrrpexAeHHe BblcIIlefo o6pa:oeaurur <Kocrpolrrcxofi

f ocyAapcrBeHHrrft ynunepcurer)), f. Kocrpoua, B cBoeM noJroxr4TeJlbHoM or3brBe,

IroArrr4caHHoM KycvaHonlru c.A., 4uperropoM fi Hcrr4Tyra (tvsuro-uareMarr4qecKr4x

14 ecrecrBeHHbrx HayK Kfy, AoKTopoM TexHr4rrecKr.rx HayK, AorIeHToM, rI



yrBepxAeHHoM HayMoBErM A.P., zcnolnffouluira o6rsanHocrz per(ropa, KaHArzIaroM

xr{Mr4qecKHX HayK, AOTIeHTOM, yKa3ana r{To Ar4cceprarlvol' Hafl. pa6ora coorBerc'rByer

rpe6oaauurv n.fl. 9-14 flororneHru o flpr4cy)r(AeHHh yveusrx c reneuefi,

yrBepxAeHHoM llocraHoeneuaerra llparrareJrbcrBa PO or 24 ceurn6pa 2013 n

11! 842, a ee aBrop 3acJryxr4Baer npucy)KAeHr4q yueuoft creneHr4 KaHAr4Aara

TexHrrqecKr,rx HayK I]o cleqaaJrLHocru 2.6.5. <lloporur<oeaa MeraJlnypfr4rl t4

KOMrr03r,IIllIOHHr,Ie MaTepl4albI)).

corzcxarerr' zueer 1 8 ony6lvxonaunrrx pador, B ToM qacJre rro reMe

Arzccepra{r.rr4 12 pa5ol Lrs Hrlx B perleH3rrpyeMbrx HarrH6rx vsl:a]FILrflx ony6luxoeauo

7 pa6ot

Har6olee 3Har{r4Mbre HayqHbre pa5orl,r no .reMe At4caeprar\uu:

1. ,llo:oaaH, A. A. Crpyrcrypa u cnoftc'na KoMno3r4rH6rx TiN-pb norpurnil,
HarrbrJreHHbIX Ha crrJraB 8T6 lrarnerpoHHblM pacnbrJreHr4eM fiocro_sHnoro rora / A. A.

,rlososaH, C.f. EeqoSeu, M.A, ,Tl-sxoeeqr<afi, IO. C. llarnoe, tr4. A. lpyrurzu, E. II.
Ky6arrzua, I4. A. Hv xola es I I r4zsecrur Byaon. I]nerHaa Merannypfr4r. - z02r . - '1.

27. - Ns 4. - C.70-77.

Lozovan, A.A. structure and properties of TiN-pb composite coatings deposited on

VT6 alloy magneton sputtering DC / A.A. Lozovan, S.y. Betsofen, M.A.
Lyakhovetskiy, Y.s. Pavlov, I.A. Grushin, E.p. Kubatina, LA. Nikolaev // Russian

Journal of Non-Ferrous Metals. -202L -yol. 62. - Ilb 5. - p 554-560.

2. rlosorau, A. A. crpyr<rypa u cnoiicrea MafrerpoHHbrx TiN-pb- norprrr.ufi

Ha cnraBax 8T6 u 12x18H10T/ A.A. JlosonaH, c.-f. EeqoSeH, Io. c. llauuon,

lI.A.|pynrraH, E.lI. Ky6arzH a I I Mer anrrt t. - 2021. -J\e5. * C. 94- 1 0 1 .

Lozovan, A.A. Structure and properlies of riN-pb magnetron coatings on VT6 and

12Kh18N10T alloys /A.A. Lozovan, S.y Betsofen, yS. pavlov, I.A. Grushin, E.p.

Kubatina//RussianMetallurgy(Metally). - 2021.-yo].2021.-Ne9.-p.\r2r-trzj.
3' Lozovan, A, A. study of the ion assisted sputtering process parameters

influence onthe structure andmorphology of Tipb coatings ll A. A. Lozovan, S. y
Betsofen, M. A. Lyakhovetskiy, L. N. Lesnevskiy, A. V Bespalov, I. A. Nikolaev,



Yu.S. Pavlov, S. S. Aleksandrova // RSMC 2019 Iop publishing Journal of physics:

Conference Series 1 396 (201, 012029.

4. Lozovan, A. A. Study of the influence of the substrate material on the phase

composition and thickness of Ti-Pb coatings deposited by a magnetron / A, A.

Lozovan, S. Y Betsofen, M. A. Lyakhovetskiy, yu.S. pavlov, I. A. Grushin, M. A.

Lebedev, T. S. sr-rkhova, E. P. Kubatina // RSMC 2020 rop pr-rblishine Journat ot

Physics: Conference Series 1713 (2020\ 012027.

5. Lyakhovetskiy, M. A. Tribological propeflies of solid lubricating coatings of
the TiN-Pb system at various Pb content / M. A. Lyakhovetskiy, A. A. Lozovan, I-. N
Lesnevskiy, I. A. Nikolaev, Yu. s. pavlov// RSMC 2020 lop publishins Journal of
Physics: Conference Series 1713 (2020) 012029.

6. Lozovan, A. A. Reactive magnetron sputtering of TiN-pb coatings usi.g two
rnetal targets I A. A. Lozovan, M. A. Lyakhovetskiy, yu. S. pavlov, D. K. l(ostrin //
2Tthrntemational conference on vacuum Technique and rechnology Iop publishing

Journal ofPhysics: Conference Series 1799 e02l\ 0I20Ig.
7 ' Lozovan, A. A. Influence of magnetron spraying parameters on the structure

of riN-Pb coatings I A. A. Lozovan, S. y Betsofe', M. A. Lyakhovetskiy, yu. S.

Pavlov, I. A. Grushin, I. A. Nikolaev ll l5th rnternational conference on Films and

coatings (rcFC 2021) IoP Publishing Journal ofphysics: conference series 1954

(202r) 012029.

B guccepraqzpr orcyrcrByror HeAocroBep'bre cBeAeHr4-tr o6 ony6rrzxosaHH'x
llanroelrr4 IO. C, pa6orax

Ha aa'rope$epar nocryrruro 9 ors'rBos: or @fvII <Bcepoccrzi.icnofo HayLrHo-

I'rccJreroBareJrbcKofo u]Hcruryra aBToMarr4Krz zr,renu I-I.,II. flyxona> 3a rroArucbro
fJraBHofo c[erlr4arrrr cra, x.r.n. ll{zrona H.FL; or @f6v <zucrreryr MeranJryprar4 r.r

MATCPI'AIOBEAEHLIfl IIM, A.A. BAJIXONA> POCCi,riiCrOrZ AKAACM[14 HAYK 3A IIOAIII{CLrc

3aBeAyiox{efo na60paropaefi $zszroxulaaz r.I TexHoJlorr4r.r norprrrafi, .q.T.F1., r-.1r.c.

I{aruru B,z.; or ofEyH <<Lrncruryra npodreira Marrrr4 HoBeAeH}Ls) poccurzcKoii

aKaAeMI4LI HayK 3a rroArrrzc;ro rJlaBHoro HayrrHoro corpyAHr4r(a la6opaloprar.r
uoguQaqlrponaHflr rroBepxHocreii uarepuaJloBJ A.r.H. Ky:Heqona B.f .; or OI.EyFI



(I4Hcraryra cnrbgoror{Hoil grer(Tpour4xrr)> CraSupcroro orAereHr4.s poccaficrofi

aKa4eM'lu HayI( 3a rrornxcbro fJraBHofo Hayr{Hofo corpyAFrrrr(a la6oparoprau

nra3MeHHoE err.rr.r ccnonHoil gneKTpoHrzKrr, 4.r.u., npoSeccopa Kona,ra H,I{.; or
@fEoy Bo <KocrpoucKoro rocyAapcrBeHHoro yHrBepcurera) 3a roArrr4 c6lo K.r.rr.,

.4oIIeHra Myxavenoi r.rI.; or Ao <KoMnosar) 3a riornucbro FraaranbLrrrKa

orAeJrelll4r Meral.nuqecrlix KoM[To3I4IILIOHHbIX MarepllanoB r.i cleq[oKp6lTr4z, t(.T.u.

JreHronqa A.c.; or ofAoy Bo <canr<r-flerepdyprcrcofo focyAapcrBeFrnoro

3JreKrporexHuqecKoro yur.iBepcr4Tera (JI3'II4) ut,r.. B.W. ymsHoea (,Ilesuua)> :a
no.4nI'IcEIo npoSeccopa xaSe4pu @3T, 4.r.H, npoSeccopa Tllanosaroea B.tr4.; o.r

ofBoy Bo <Prr6uncroro focyAapc Ber'ofo atsxaqr4oHHofo rexHHrrecKoro

yHr'iBepcr4Tera lLA. Co:ronresa) sa rl0Arrr4 cLro 3aBeAyroulero xarf e4pofi

Marepr4aJroBeAeEu[, Jrr4 tBfl. r4 aBapKm, 4.r.H., npo$eccopa llra.rynr,cKoro A.A.; or

Hrzx oTpaxeHa HaylqHafl HoBr43Ha,

pa6orlr, HeKoropr,re or3r,tBbr co/lepxal.

@fBoy Bo <vsavrcKofo yHr4 Bepcrrrera HayKa r.r rexHoJrofr4 fr> ga noarruc'o
npoSeccopa na$e4prr <Texgolorng Malrll4llocrpoeulzlr)) A.T,H., npoQeccopa

Cr,mrcloBa A.M.

Bce or3EIBbI noJIoxIzTerbHEIe, B

aKTyanbHocTb Iz npaKTuqecKat 3HaqlzMocTb

3aMeqaHug., HailplrMep :

r zs rexcra anropesepara He rcHo frBrrfle'ta nu np''nuoft noHulcesnofi

TBep.4ocrlr ra fisHococrofiKocrlz rioKpbrrzil c roerrllIenuoil us.reuc]4BHOCTLru

reKcrypbr (111) carraa no ce6e reKcrlpa wM 1pyrure crpyKrypHrre s$$exr.r,r,

cofipoBo)r(Aaroqve 3TO I43MeHeHI4e TeKcTvDbI.

t B aeropeOepare orrr4caHo cHrrx(eHr4e r4sloca craJr'Hr,rx floBepxHocre]z c 'l.cfl
TiN-Pb. {ano snavenrze r<os$sraqzeHra rpeHr4r roKp6rrr4s Ha cralru u
KoJrlrqecrBo qr4KJroB Ao ero pa3pylrreHnr{. Ho u: arropeSepara He_f,cHor Kar(

noxpbrrr4e 6y4er pa6orarb Ha noAJronrr(e us ruraHa 8T6:
o K colr(€ureHrzro, n anropeQepare aBTop ne yKa3brBaer reMneparypy rroAJroli(Kr4,

uprz xoropofr npoucxoAlrn np oqecc $ opnarzpon auz.a

cloen. OcodeHHo DTo Baxuo rrpu aHalru3e BJII4THHri

sa uefi QyHrqzoHa.,rruux

a3o f HpoBaH nr noAnoxKLl



Ha cBotIcTBa CO3AaBaeMbIX CJlOeB, 'f.r(. TeMlepaTypa a BpeMr a3oTr4poBaHHt

onpeAen.sror Sopuzponar.rrae n csoilcrea rar<ux 4rasQysuoHnlrx croes.

Br,r6op oSaqlianrnrrx orrroHeHToB ra ne71yrqefi opfaHrz3aqur4 o6ocnosbrsaercq

KOMtIETCHTHOCT6IO o6tacru AaHuofi guccepraqliouuofi pa6o'rr,r,

noATBepxAeHHofi Ua,ruqueM y Hr4x coorBercrByrorqux ny6:raxaryuft, a raKlr(e HX

cofJlacr4eM.

f lrccep'raqzouHrtfi cose'r' orMerraer, qro Ha ocHoBaHI4 14 BLrrIoJjr{eIrHLrx

coIrcKareJIeM I4ccrenoBaHIIi :

npeAJroxeH IoAXOA K CO3AaHr4 rO HOBETX TBep,4ocMa3oqHbrx norpsru.iii n

paMr(ax KoHqeI]qnH ((TBeAa-S MarpI4IIa - l4qrxufi MeranJr) rlyreM vnpaBnelrl4'I

npoueccoM zx $opvzpoe aHufl pacnbrrreHrieM naroAoB pa3AenbH;rx MarHet.poHoB

npl4 olrlrMa',rlbHbIX rlapaMerp ax pa3pflAa r4 14oHHoM accr4crr4 poBaHu14 HarbrJrelr14r;

AOKA3AHA IIEPCNCKTI,IBHOCTb 14 CIIOJIL3OBAHA' KOII]]CN\TU <<TBEAAfl MATP]4I]A _

ugrrcufr MerarJr)) Arq co3AaHI] S TBeprocMa30rrH6rx floKpr,rruft c noBbrlI]eHHoH

a3HococroftKocT6Io.

Teoperzuecrax 3HaqI4MocrB lzccreAoBaHrIrl o6ocHonana reM. qro :

AoKa3aH seeexT ynpor{HeEu_{ rtr:raHoeofi noAnoxKr4 Hr43KoreMrrellarypHbrM

I4oHHbIM a3orl4 poBaHZeM flpll HaHeceHI4I'I IIoKpblTzil TiN-Pb, npoucxorflrlHM no
MexaHr43My 3axBara a30Ta noAnoxr<ofi, a rarNe rrMlraHTaqr4efi a^go:ra KaK ts Br4Ae

aroMoB orAaql4 flpu HanLIneHI4u aBuEr\a, TaK 14 fIpI4 LIoHHOM accl4crrrpoBar]r4 14.

I lprz MeHr4TerbHo r npo6r euarr.r^e Ar'r cceprar rH H p e3yJr brarr4BHo r4cn oJr r,3 o BaH

KOMnoeKC Cyx{ecrByrox{ax 6agoerrx MeroAoB r4ccreroBaHr4r cocraBa, crpyKl.ypbr 14

Mexa'Hqecl(ux cBofcrB MarepI4aJIoB, B ToM Llr,lcre: gKcnepxMeHTaJTbHEre MeroAbl
SJreKTpoHHo-MI4KpOCKOrrUqecKofo, 3rJepfo_Ar.rcflepcuollHofo u
peHTfeHocrpyKTypHoro aHa:rrr3a' I'I3MepeHI4-[ TBeprocrl4, MexaH]rqeo*rzx 14

rpn6o,roru recrcnx ncn srrauu fi;

H3Jlo)I{eHbI pe3yJrbrarBl t'iccne4oeaHrzfi BJrr4nLu4tr coorHorrreul4t rIoroKoB apfoFta
Ii A3OTA IIPA HANI,IJICHI4I4 HA BEJII4qI,IHLI MI4KPOTBEPAOCTIZ I4 II3HOCOCTOTiTTOC'rZ

vsorocloinrrx norprrrafi TiN-pb;

u3yleHo BJ7r4flluue yclonrafi Marr{erpoHnoro HanLrreHI4, Ha $opuaponauue
$a:onoro cocraBa, TeKcryprr lr uop(to:rorau IIOBepxHocTI4J a TaKlr{e

TiN-Pb norpururi Ha
MHKporBep.qocrb 14 rr3nococrofixoctr KoMno3rl.r,Hblx



TI4TAHOBOM c[rraBe 8T6 rz ropposzossocrofir<oft cra''u 12X1gH10T. lloxa:aHo, uro
cocraB rroKprrrzft onp eg ersercfl ToKoM Ha cBrrHiIoBoM Karone u

oTHOIIIeIII4eM noToKoB apfoHa I4 a3OTa.

3HaqeHI'te noJryrleHHbrx colzcKareJreM pe3yJrbraroB r4ccreAoBa'ur rt Jtfl

npaKTnKI4 IrOITBeplKAaeTc_s TeM, r{TO 
:

pa:pa6oraHrr rexHororfiirecKr4e pexaMbr SoprranpoeaHzs MHorocro[HErx
rBepAocMa3oqHblx loxpurzfr TiN-Pb, nepcneKrI4BHEIX rn' npaMeHeHr4s B

KOCMI4qCCKIIX ANIAPATAX A IIJIA3MCHHOft O'II4CTXZ TIOAJIO)I(EK 14 BHYTPI4KAMCPHLIX

[oBepxHocref noerrueHuofi sddexrusnocru.

Oqenxa goc:roBepHocrrz pe3yrrTaroB r4ccJieAoBaHr-r, BbrrBrrJra:

LIIfl SKCIIepI4MeHTaJIT,HEIX pa6or pe3yJrbTaTbr noryqeHbr Ha

ceprrQzql4poBaHHOM O60py40naurar4 c npaMeHeHr{eM coBpeMeHHbrx MeroAoB

HCCIeIOBaHT4.S, [oKa3aHa BocnpoI43BoIr.rMOcTL pe3yJrbTaToB r.r3MepeHH,

MexaHr4qecKr4x n rpa6olorzuecxrax cnofi crn;

upex Sazupyercr Ha aHa,tz3e npaKTlrKr4 z o6o6'leuulr nepeAoBoro orrbrra
pa-:pa6ornz KoMrro3rzIIHoHHrrx rBepAocMa3orrHErx noxpuraft TiN_pb c

rr oBbrrrl eHH6IM 11 XAp AK-t epr4cTr4KaMr4,

Jluqurril BKJTaA cor4cKarerr cocrol4T B HerocpeAcrBeHHoM , aKTr4BrroM

yvacruu n Soprtazpon aHr4r4 rlerrr4 u 3aIaI] r4ccJ'reAoBaHr4 r, B MOAepHrz3arlr4r4

B npoBeAeHv rz TeopeTuqecKr4x t4
ercnepuveuranruofr ycraHoBKr4,

3KcneprzMeHTarbHBrx rzcc:regonaHufi, aHaJrr4se u o5pa60rr<e [oJryqeHHbrx
pe3yrbraroB, r.rx o6o6rqeHraz, SopvynupoBKe peKoM eugaqwk 14 BbiBoAoB rro
Al'iCceprarllrr4, B noAroroBKe ocHoBHbrx ny6nut<ayuit rro reMe Aricceprarll4r4. Ju4.{HOM

yrt acrvr4 aBTopa n atpo6a4uu pe3yrbraroB r4ccreroBaHufl.

B xo4e 3arrr4T6r Ar4cceprarlrlr4 6ffr' errcKasaHbr cneAyrorqre Kpr{Tr{r{ecr(r4e

3aMeq.aHLLfl"

- 7 crraftp, ta6nuqa L {nx pacxoAa 2,0 sccm npor4rrnrocrpr4pyrre

(nporoveHrzpyfire) xapar<r epvctrrKu noryqaeMbrx [oKpbrrrzfr, noroMy rlro Her

QyHKtlI4n orKJrr4Ka s sToi ra6rzqe. Xorelocr, 6rr oxapar.repa3oBarb [oKpr,rrr4, co
3HaqeHr4e pacxoAa agora 2,0 sccm.

- Boli,uar pa3'r{rla aroMHr,rx Macc rr4Ta'a , cBr4Hqa npr.iBoAur K pa3H6rM
ycJroBI4rM HarrbrJleHvr. Arouu rl,rraHa 6y4yr cy'1ec'rBeHHo repMaJir4 3.Barbc, np'

Qasonuft



ycJroBr4rx Bauero 3Kclepr4MeHTa (aaHnoft ruara]FLrrvv MHrrrer.r6-rroAJrox<r<a). I{a

raxofr 4r.t crauryuu 6y 1yl repManr.r3oBaHr,r aroM;r cBZH{a.

- B gaxruoqegLrrr He yKa3aHo rrpll KaKrix pexrrMax floJlyrleHo MaKcr.IMaJrbHoe

3Har{eHLIe MI4KpOTBepAOCTr.r npri MLIHT4MaJTEHOM r43HOCe nOXpttrvx?

coacr<areru llasros IO.c. orserrzn Ha 3aAaBaeMbre eMy B xoAe 3aceAanrit

Bonpocbr 14 nprrBen co6creeHuyro apryMeHrarlr4ro:

- 3ru noxptrrraq TiN-Pb Harr,urqrrz npr.l oAr4Ha*oBoiu pacxoAe a:ora 2 sccm,

Ho npu pa3HoM TOKe CBr4Hrla Ipr, = 0,1 A u 0,2 A u npu 14 crroJrb3oBaHr4H r{oHHOr.O

accr4 crr4poBaHus u 6eg Hero. llorpr,ifue 2 ra6n. 1, r{aHeceHHoe c r4oHHbrM

accr4 crapoBaHr4eM, xapaKTepr4 3yercr r-raJrrrqr4eM zHreucusHojl nauuu (111) TiN,
elIzucrneuHofi lusuu Pbo HasKoii r4HTeHcr4BHocru u Hrr3KVM cogepNauraev pb.

llorprtrne 3, HaueceHHoe raKxe c LroHtrLrM acctrcrt4poBaHrreM, Ho [pr4 ToKe Ip1,: 0,2

A xaparrepnsyrorcr rroBrrrueHHbrM conepxasliev pb no cpaBHeHr4ro c noxpr,rruev 2

Ii orcyrcrBlIeM uHLrfr, nprrHarrrexaqux TiN. lloxprrrue 5, uaneceuuoe 6es

xoHHoro accprcrr.ipoBaHl{.s raKxe rrprz roKe Ipu = 0,2 A co4epx<ar 60nsrue pb no

cpaBHer{arc c noKpbrrr4 eM 3, 'rar< rar 6uno csopvlrponano B OTCy.i c l.i]r4r4

pacnbrreHr.ir HouHofi 6ou6ap4r.iponro ji z raK)rce Fre corepxrir rur-rrafi TiN. O4Hano

xuvLuqecxuit cocraB 3Tr4x norp;rraft noKa3r,rBaer coAep)KaHr4e Ti u N ts

3Har{arerBHoM KoJll4qecrBe, He MeHbIIrrIM, qeM B noKpblTrltx, HaHeceHHbIX [pI4 Ipb =
0,1 A. llo-nra4r.rMoMyJ npr{ noBErrrreHH6rx 3Har{eHr4.sx Ipb rrpol4cxo4r.m auop$a:aqna
TiN ga crrer r'I3MeHeHr4r MexaHrz3ua sopirarzpo uatus. Ht4-tpr4Aa raK, r(ar( 3To

npoacxo4rzr npz go6aslenarr aroMoB Si n cocrae H]arpu1a rr4TaHa.

- Tepnaa:rnsall,'.rr cBfiHrIa B Har]reM cJryqae rpoacxoA'T npr4 BeJrr4qr4Lre

nr4craHrfuu MrzrrreHb MafHerpoHa-[oAno]KKa 60ree 25 0 MM, qro npr.iBoAr.i.r, r(

6a.'uucraqecroMy Han'rJreHr4 ro cBr4HrIa B orJrriqrre or rrraHa, $opuapyrc'1ero
4tzQQysHrrft noroK oca)r(AaeMLrx aroMoB BcJreAcrBHe rzx s$Serc'esHofo paccerHu,

Ha 6rusxl4x rlo Macce aroMax aproua.

- llo4o6uoe coqeraHrze cnoilcrs nonyrreHo npr. orHorrre'r4a rroroKoB aproHa r.l

a3ora or I,3 lo 2,I np, roKe Ipu: 0,1A a Iri : 3,5 A. B':ro o6napy;xeuo cnnbHoe
pa3rrr4qrle rBepAocrr4 nor<prrrafi, HaHeceHHbrx na 8T6 u 12X1gHl0T nprz

oAr4Har(oBLIX pexuMax. llpu roii.r, v:ro tf asonrri cocraB floKpbrrni asaaoruqeH,
cJleAoBareJIEHo, MexaHl4qecxn e cgoilcrea noxprrrrzii TaK)r(e He AoJr)Ksbr orrr4qarbcs.



3ror eS$ercr o6rqcusercr BJrrrrHr4 eM Ha [oKa3areJ]r4 Mr,rKporBepAocrr4 TonKor.o

noKpr,ITlir ynpor{HeHr4.{ ruranoeofr [oAJloxKr4 B pe3yJrBTare npoqecca

a3orl4poBaHllrr, o qeM cBr4rererbcrBylor o6napyx<eHHEle r43MeHeHIIr nepuoAoB

perxerKr4 nornoxKr,r. B nocle4Heir,r crol6qe ra6n.4 npuneleHbr 3rraqeHr.M neplioAoB

<c> fv pelrerKu Marepr4ana [oAJroxKr{. 3rz ueprzo4ri yBen[rreH;r Haudoree cr.iJlbHo

IrMeHHo AJLTI TeX [oKpbIT]'I[, Korop;Ie xapaKTepl]3y]orc.a MaI(cI4Ma-[bHbIM orr14rlueM

oT MI4KpoTBepAocTI4 tloKpblrzil, uaneceuHblx rIpI4 ToM )l(e peXIzMe, Ho Ha craJlb

12x18H10T. SSQexr a3orr4poBaHr4tr noAJro)KKr.i 4n.a o6p. r-7 uoxer npozoxoAar'
rryreM 3axBara fa3a IIoAJIoxxoi, a tarxe rIMIInaHTaq[efi aroMos

ux 6ott6appupoBKe Ha noAJlolr(Ke pacnblreHHblM_Ll .l.rlKeJrbIMH

I4MeroulzMrz cpeAHrolo oHeprHro or<o:ro 30:B, a A,rx o6pasqa g _ flplraorT

r4MnJraHrarllrefi a:ora c E > 1 rcsB.

Ha sace4aHvu 22 aerca6ps 2022 roAa Arrccepraqzouuuil coBer npr4'qn
peIxeHI4e 3a HoBEIe nayuuo-o6ocHoBaHgble rexHrrqecKl4e LI TexHoJrofaLrecKl4e

PEI]IEHII' NO CO3AAHI4IO I,I YNPABJ]EHI4IO XIIMI]IICCKTZTTA Z QA:OEB]M COCTABOM,

crpymypoil rz rprz6orexnzrlecKl4Ml4 ceoiicrsavu rtsepAocMa3orrHbrx rroKp6rrt4rT TiN-
Pb, zrraeroqze cyqecrBeHHoe 3HarreHr.re Anfl pasBtrtr4fl crpaHBi, flpzcyArirB rlan,rony
IO.C. yuenyro crerreHb KaHAr4Aara rexHuqecKr4x HayK.

flpu npoBeAeHr4I4 rafigoro rorocoBaHr4s 4accepraqzouHlrfi coBer B

KoJrr4qecrBe 20 ueroeex, r43 Hr.lX 7 40rropoe HayK no creqrzaJrbHocru 2.6.5.

dlopourxona.r MeraJrnypfur rr KoMno3r4r-rr4oHHr,re Marepr{a.rrbr)), yqacrBoBaBrxprx B

3AC9AAHUTI; US 24 -aeroseK, BXOA.STqUX B COCTaB COBera, rlporo'ocoBar u: za - 1g,

nporrzB - uer, ne4eftcrBzreJrrubrx 6ro:uereueft _ 1 .

aMoHoB AH4pefi Muxafi:rosu.l

oTAaqH a3oTa npr,r

aToMaMH CBI4HUa,

llpe4ce4arenr
InccepTaut4oH HOfO COBeTa

Vqesui ceKperapB

Ar.rccepTarlrzoHHof o coBeTa

22 gexa6px2022 roga

Ci<nopqona Cser,raHa BraAr4Mr4poBHa


