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(lloBr,r IeHr.re [snococroftKocrv HarlJraBJreguofo cJror .uerareia r43

B ycrroBrrrx BBrcoKoTeMrrepaTypHoro HafpeBa>, [peAcTaBJreHHyro

) reHofr cTefIeHII KaHAI,IAaTa TeXHI4qeCKLIX HayK no clequaJrEHocTl,I
2,6.77 <<Marcplra JroBeAeHue) (rexur.rvecxze HayKrr)

Arcrya.nr,uocrr, TeMbr Alrcceprarlurr. B nocregulre roAbr 4nl o6ecneuenun
rpe6yelroro ypoBHr 3KCrrJryaTarIrioHHEIX CBOfrCTB rrpl,i r.r3roToBJreHr.lrr n
BOCCTaHOBTeHTTI4 orBercrBeuuux 4eralefr caMoJreroB, pa6orarorqlrx B ycJroBrrrx
TpeHr.rr (nanpuuep, 6aurrr,rar fiocaAoqHofo ycrpoiicrBa), IIIIrpoKoe
paclpocrpaHeHlle IIonf{unII TexHoJIo ru HaHeceHl4f, noxprrrtrft, Koropbre
o6ecne-rusarcr SopulrporaHrae rr3gococrofiKofo rroBepxHocrHoro cJror. B
[paKTlIKe CaMonerocrpo eHvrfl. AILA erI4X qelefi Har]reJr npr.rMeHeHr4e AocraroqHo
IXIipOKrlft CneKTp pa3nr{qHbrx Marepr,ra!'roB u rexuonoraii, oAHaKo B rrocJleaHue
foAhr Bce qarle lrcrroJrb3ylorcr ro6a$rosrre crrJraB6r, KoropEre o6naAaror
,4ocraroqHo errcorofi u3uococtofirocrto, colporlrBJreHrreM rroJr3ylrecrr4,
ycranocrnofi flpoqHocrrlo r,r xapocroiir<ocrrrc.

Be.qyqeft opfaHrr3arl[tr $e4epa-rrruoro rocyAapcTBeHHoro 6ro4xeruoro
o6pa^ronarentuoro yqpexAeurrr B;rcrrrero o6pa^aonaHr.rx <prr6vncxufi

rocynapcrBeHHbrft aBvarlr4oHurrft rexsuqecrzft yunnepclrrer r4MeHr4 lI.A.
CorosbeBa)) Ha Ar4cceprarlr4 oHHyro pa6ory Marro:rzua Koncraurnlra

Bzxropowr.ra
cra:rn BHJI-3

Ha coI4cKaHI4e



Kax rassecruo B grrrx clJraBax pea!'Il43ylorct ABa MexaHI,I3Ma ynporrHeHfit

rrpevMyqecrBa

r,rccJIe.4oBaHl{.rr

flpeBpau{eHur. ?ru
ro6a-,tsrosHx crrJIaBoB,

oco6eHHocreft TexHoJrorarl

TIaCTO [epeKpI'IBaeT

Heo6xoArrMbr rJry6oKr4e

[oKpbITLIfi, o6ocHoBaHue

nogroMy

HAHECEHI,I-'

(rnep4opacrnopHoe r4 Kap6r4,quoe), qro [pr.rBoAur K yBenl4qeH[Io Kor[ilecrBa
Ierflpyorlr4x SJreMeHToB,

$opuuponanuro B crrJraBe

npe)KAe Bcero ryrolrlaBKlrx (6onee 35%), v
cJlo)r{Hbrx r<ap6z4on. B pe3ynbrare co3AaHlre

HAIIJIABJIEHHbIX CJIOEB I43 3TI,IX CIIJIABOB COIDOBOX/IAETC' BO3HZKHOBEHI,ICM B

lpoqecce HarrJlaBKr4 xapaKTepHbrx AeoeKToB - rpeqrrH. Kpoue roro ua6rrcAaerc;t

Heo.qHo3HaqHoe [oBeAeHIre 3TI4x crrJraBoB rrpr] 9Kcllnyaralluu B ycJIoBI{tx

uoBbrrrreHHbrx reMrreparyp, o6ycroueuuoe HaJrfiqlreM B c[JIaBax srofi rpynnr,r

nonranop$noro npo6.nevr,r

BbIOOpa O[TI4M€L]rbIrbIX MeTOAOB Ir peXITMOB OOpaOOTKIT, OOeCleqIZBaIOr{IrX

TpeoyeMoe KaqecrBo norprrrzft, Koro r,Ie B Hacrotqee BpeMt, K cox(ajreHlllo,

orcyrcrB).ror. B erofi cBtr3r.r pe3ynr rarbl I,IccJreAonanrafi, [peAcraB,TeHHbIe

cor4cKareJreM r{ HarrpaBJreuHbre Ha Ll3y-lreulre oco6ennocrejl $opuaponaru.r;r
crpyKTypbr, Sasonoro cocraBa rr cBoilcrB HarIJIaBJreHHoro cJlo{ .tBrtlorct,
HecoMHeHHO, aKTyanbHbrMlr.

O6rqaq xapaKTeprrcruKa pa6orr,r. Cozcxarerel.r Ha ocHoBaHIrI.r

rrpoBeAeHuoro ruy6ororo aHaJrrr3a npI4MeHteMbIX roHcrpyrqzfi nocaAoqHblx

ycrpoftcrn, yc.nowrft rrx gKcrrJryarall?Iu, npI4MeHreMr'IX Marepr.ra.,ron, cnoco6on

rr3roroBJleHltf 14 HageceHrr{ nor<orrruft vcraHoBJIeHbI rIp[qIrHr,I Bo3HI{KHoBeHHTI

AeOeKToB, HaMerreHbr rryrr{ cHrrxeHl4.t Bepof,THocrlr Ilx Bo3HIrKHoBe}II{t,

c$opuylrzporaHa rleJrb H sa4a-sv uccregonanuft .

B qacruocru Ha ocHoBaHtrLI pe3yJlbraroB veral:rorpaQuqecKoro

r,rccreAoBaHlls [oBepxHocTlr I43JIoMoB aBTOp [OKa3aJI, qTO TpeIq[Hr'I BO3HIII(aIOT

Ha c"ra4krrr oxJraxAenr{t Aerutur rrocJle HarIJIaBKu, a rlx [puiluHofr tBJlrterct

o6pasonanlre fiop B cJloe HarIJIaBKIr, a raKxe o6orarqenue cJlo-l HarIJIaBJreHHofo

MeTaJrJra Bo,4opoAoM, rIacTIrrIHo nocTyllarcnllrM B pe3yJIETaTe AIrQQy3I4I.r I43

ocHoBuoro MeraJIJIa.,{orroneuHoctt oOpa3IIoB or MoMeHTa AocrlixeHl4t
rperqr,rHoft ocHoBHoro Mareprriula Ao pa3pylxeHllf cocraBJrter e cpe4ueu 900

qriKJroB nplr ypoBue nauprxenr.rft 800 Mna, a or HaaIaJIa narpyxeHrli Ao MoMeHra

crparlrBaHra-x rpeqr{Hbr cocraBJrrer or o6qeft AorfoBerrHocnr o6pa:qa: 25-28%

rprr omax: 800 MlIa (240-300 qur<ror) u 64-81%o rlprl omax: 600 MlIa (1800-

4300 qurnon); To ecrb lrMeerct 6esonacHrrft pecypc, no:eo:rmorquil
gKcrrJryarr{poBarb gJreMeHT c rexuoJlorrrrecrcofi rpeulunof s HanrasKe.

Oco6rrft rrHTepec [peAcraBn{Ior pe3yJlbrarl'I lrccle,4onauuii rro

[pr4MeHeHrrro rulrpoKorlonocHofi ra3epHofi ra3olopollrKosofi Hanraerll B3aMeH

aproHoAyfoBoft co cxauupoBaHl4eM Jlyqa ,4n.s Qoplr.rzpoeanut HanJIaBJIeHIILIX

croeB Ha [oBepxHocrrr, aBTopoM 6ruu ycranouleHbl pexLIMLI rlpoqecca, Koropble



06ec[e.rfiBalor [oJrrleHr.re HaIrJraBJIeHHbrx cJroeB rpe6yeM6rMr.r
reoMerpr4r{ecKr4 MIr XapaKTepr4crr4 KaMr4 6es nnyrpennux 4eser<ron, a pe3yJr6Tarbr
lrerallorpatpuqecKvx uccre4onauz[ y6e4Lnelrno noKa3€ulll, IITO
rroJroxureJrbHrrf pesynrrar o6ecueqllsaercr 3a cqer oco6eHsocreii crpoeHr.r,
HaIJIaBJIeHHBIX cJIoeB' KoTopble IrMeIoT cTpoeHIIe c XaoTIIqecKI4M HaIIpaBIeHLIeM
pocra Kpl{cr€InnoB, IIpI4 9TOM [po-rlBJrrercr floflepeqHoe ceqeHrze cron6qaTbrx
AeHApr{TOB. IIOC;re oKoHqareJrbHoro 3arBep.qeBaHrrx cno604Hrre AeHrpnrbr
colprrKacarorc-fi MexAy co6oit. KpucraJrJrbr rrMeror rIeHTpaJrEHyro ocr [rupr.iuoii n
lpeAeJrax 1-2 lrr<nr, AJrr{Ha Koropofi eaprupyerc.q or 5 Ao-30 ur<v. Ora ocr, no ncefi
AnIrHe rrepeceKaercr MHoxecrnov 4aoftnuKoB c paccro_sHr.reM Apyr or lpyra or 1

4o 2 lrxrra. crpyr<rypa cnJraBa aycreHr.rr'o-Jre4o6ypuruar c BKJrroqeHr.rrMr4
cJroxHbrx rap6u40n Ha ocHoBe xpoMa r,r r<o6aftra 0 pa3MepaMrr e npe4erax 1-3
MKM.

I4cnt;rasus rrpll KoMHarHoft rerr.rueparype no3BoJrr4Jrr4 [oryrrzrr I4cxoAHbre
6aaoerre 3uaqeur'rJr r<oe$$rzqr.reur a rpeHr4fr rrrfl. HarrJraBlreHHbrx o6pa:r1oe,
roroprrfi cocraBrrJr 0,29-0,32 Ar.f, BapzaHTa pyvuofi apfouoAyroBoft HanraeKrz u
0,24-0,26 - Inr .na:epHoft ra-:onopo'rr<oeoft HalraB rz. Becosofi ,3Hoc
HarrJraBJreHHbrx pyrnofi aprorroAyroBoft ceapxoft o6pa:qon 6e: 4etfenron n
HanJIaBJIeHHOM CJIOe npH IoJIHOM UHKre Ucnblrauuit s ycnoBHtx u op tr,ta,r r,uofi
reM[eparypbr (20 'C) 6rrn na ypoBHe 55,8 l{|, a Arrfl. . o6pasqon, [oJryqeHHr,rx
lasepHoft rxupoKorloJiocnofi rasonopourxosofi uan:raeKofi orMeqaerc_s cHa)r{eHrze
Ir3Hoca ,qo 50,3-52,1 vr. Hau6olrmar Berr{qraHa r.r3Hoca orMeqeHa xJln
reM[eparypbr tlcrrbrraHr.r{ 900 "c I{ cocraBrrJra 567,4 rvrr rnfl BaplralTa pyuuoii
aproHoAyroBoi nanlraexu. O6parqaer na ce6s BHr4MaHr.re ror frarr, qro lrpu
B6ICOKIIX TeMlepaTypax HarpeBa rrpu lrcnbrTaHllrx BeJrr4qrr Ha I]3HoCa AJu

HarIJIaBJreHHLrx [rr4poKorrolocnoii nasepuofi ra:onopomxonofio6pa:qon,

uauaBxofi, HI4)Ke, rIeM

nanraexoft.

Bce sro rlo3BoJrrrJro fipeAnoxrrrb rexHororlr qecKl4e peKoMeHAaIII4 r] no
rrpl'rMeHeHlrro runpor<onolocuofi na:epuoii rasonoporuronof HarrJraBrfl4 co
cKaHr4poBaHr4eM Jrr{a Ar-f, fioryqeHr4s r.IgHococrofiKrrx noKpbrrr.Iii ua 6aurlrar<ax
rrocaAoqHoro ycrpofcrea u3 cra]rtl BHJI-3.

flpore4ennlre creHAoBbre ucrrbr"raltrfr uzgetuit B yoJroBr{rx, rrMr4Trrpyrotqux
yclroBlrf, 9Kc[JIyaraIIu[, rIoKa3aJII4, rrro 6aurlrar<u, Ir3roroBJIeHHbIe I]o
cyqecrByrorqefi rexnonorfirn, Ao rrorHoro rrcrvpa1trfl HalJraBJreHHOrO CJrOrr

BbIACPXIIBAIOT 58-60 qIIKJIOB HAIPY}I(EHT', A HAIIIABJIEHHbIE rrASEPHOi,i

ra3onoporrrKoeofi Hanraeroii - Ao 74 qlrr<non HarpyxeHvf,. llpn srov Jra3epHat

o6pa:qoa, noJrfreHurrx pyuHoii aprouo4yronoi

fa3orloporrrKoBa.r Ha[JraBKa [paKTr4qecKu rroJrHocrbro r.rcKJrroqr.rJra 6pax 6arruaroe



[pr,I HalJraBKe. Taxuu o6pasolr MoxHo KoHcrarl,IpoBarr, qro 3atBJIeHHat rlenl)
pao0T6I Ir IIocTaBJIeHHbIe 3aAaqI,I COITCKaTeJTeM rrOJrHOCTbrO BBIrrOJrHeHbr.

Hayvuan HoBrr3Ha pa6orur 3aKJrroqaerct B AeKa3areJrbcrne roro Sarra,
aITo Bo3HrrKHoBeHr.re AeQeKToB B BrrAe rperrlr4H rrpr4 HalnaBKe aproHoAyroBbrM

MeTOAOM IIpOUCXOAIzT B IIpOqeCCe OCTbTBaHLT{ 3arOTOBKr.I B IIHTepBane TeMnepaTyp

320- 450"C n o6ycloa:reno (fopnrrzponaur4 eM BbrcoKoro ypoBHr pacrrrrrBaroqr4x
HanptxeHl,Ift 500-550 MlIa e npt[roBepxHocrHErx cJro.flx, a raKxe o6orarqeHuen
Ha[rIaBJreHHofo cro-s BoAopoAoM, coAepxaHrre Koroporo npr4Mepno n 8-10 pa^:

rlpeBbllIraer efo coAepx{aurre B [oAnoxKe r,r3 cra.,ru BHJI-3, a BBeAeHrre B

rroporrroK 4rx nasepuofi ra3orroporrrKosoft HanrragKu 6yprr r r<orrz.recrse 12-17
tv'ac. %o [o3BoJrrrJro 6e: cyrqecreennoro cHrrxeHrr{ r,r3Hococrofir<ocrra 14 TBep.4ocrrr,

s 3 - 4 pa3a cHrr3rrrb rrrepoxoBarocrb Ha[JraBJreHHoro cJroq, a, cJre,qoBareJrbHo, 14

rroBbrclrrb ugnococrofi rocrl.
Ilparcruuecrcaq 3HaqnMocrb AucceprarlrroHnoft pa6orrr He B6r3LIBaer

X25HI0B8 u pa:pa6orr<ofi ueroguru orpeAeJrenrrt

coMHeHI4t Ir 3aKJrroqaercx n paspa6ome rexHoJrorurr na:epnof rasonopotunonoft
HaIJIaBKI{ CKaHr.rp}1OlIItrM r43ny{eHr4eM noAIO)r{Kr4 r13 cranr BHJI-3 cnJraBoM

ocHoBHbrx flapaMerpoB

HaIJIaBKI{. Kpove roro aBTopoM pa3pa6oraH z onpo6oeau rexno:rornrecKufi
rrpoqecc ynpoqHeHu.rr r.r BoccraHoBrenr.rx pa6our4x noBepxHocreii 6auMaKa

noca.aor{Horo ycrpoficrea ruraporono,rocuoii ra:onopoutxoeofi la:epuoi
nanrasroft. Parpa6orauo o6opy4oeaulre An.{ [poBeAeHr4{ peHoBarlr4r.r 6auMaKoB

flocaAoqHoro ycTpoIIcTBa c KoHTpoJreM reoMeTpuqecKr4x [apaMeTpoB HaHeceHI4t

HarrraBJrenHofo cnoa. llponeAeuHbre creuAoBbre ucrrbrraHvfl noKa3arrr4, qro

60Yo to

[pI{MeHeHIIe UrrpoKorronocHol{ ra3ofloporrrKoBor{ HaIIJIaBKIT co cKaHZpoBaHrreM

rrylla [o3BoJlfier n 7,4-1,5 pasa fioBbrcr,rrb ngHococroiirocrr
nonepxnocreft 6aruNraros rr cHI{3r,ITb rrporleHT 6paroaaHnux nrAe,cuii c

pa6o.rux

zYo, ]qrrO [OATBepXAeHo aKToM.

,{ocronepuocrr pe3y.,'rbraroB DAOOTbI OOECNEIIEHA ICIIOJIb3OBAHHEM

loBepeuHoro I,I ceprrr$rrrlripoBauuoro o6opyAoBaHrir r4 MeroAuK rrccJreAoBaHur,

lpoBeAeHIreM uccle4onanzfi u ucnt tlauuit B coorBercr rrzz c rpe6on aHvfrMLr

Hayquo-TexHuirecKofi AoKyMeHTarIvu, AeilcrByroqef Ha repprrropr{fi Pocclriicxoii
sKCrrepIIMeHTa,IIbHr,IX H(Degepaquz OOCT, OCT); xopouruM coBrraAenrreM

TeopeTvqecKr.rx pesyJr6TaToB, rrcrroJrb3oBaHr.reM MeToAoB MaTeMaTrrrrecKor4

crarr{cruKr.r uplr o6pa6orr<e pe3ynbraroB.

Pesynrtatrr Arrcceprarlz oHHofi pa6orrl, BBrHocr4Mbre Ha 3alqury, npollrJrr{

Aocraroqnylo anpo6aqzro Ha Bcepoccuircxux u Mex,q HapoAHbrx Hayqno-

TexHfiqecKI,IX rou$epenqurx, oly6ruKoBanrr e 15 [eqarubrx pa6orax, r :rou
rrr.rcJre B 6 exo4rrqzx n nepevenr BAK.



Anrope(pepar rl ony6rrn<oBaHHbre pa6orbr lrolHocrbro orpaxaror
coAepxaHHe AnccepTa(Hu.

llo 4Lrccepraqlronnof pa6ore MoxHo cAenarb cneAyrcque 3aMeqaHrrfi:
1 , B anropeQepare r,r Arrcceprarlr4r4 rrMerorcr orAeJrbHbre crr.rJrr.rcrr4qecKr4 e

norpelxHocTll II O[eqaTKLI, Ha KOTOpLIe yKa3aHo corrcKaTeJrro, KpoMe
Toro Ha rpalpnxax, [plrBeAeHHbrx e anrope$epare r4 Alrcce p.rar\r4Lr,

orcyrcrBylor AoBepr{TeJrBHbre rrHTepBa.rrlr, a r ra6rlrqax He BcerAa
lplrcyrcrByror AaHHbre no pa:6pocy cnoftcrr;

2. B [oJro)I{eHl{.tx, BrIHocI4MLIX Ha 3arrII4Ty corrcKareJreM 3atBJIeHbr

MexaHrr3M o6paroaaHr,rx Lr pa.sBtlT:an- Tpeqr4u B HalJraBJreurroM cJroe

cralrrr BHJI-3, oAHaKo B TeKcre anropeSepara, x coxa!,reHrzro,
oTcyTcTByeT O[lrcaHr.re yKa3aHHOrO MexaHr,r3Ma;

3. B uarepuanax Arrcceprarlurr cJreAoBaJro 6rr nprzrecru 6olee no4po6uoe
orrrcaHl4e rexHoJIorI4Ir la:epHoft ra3orlopolxKoeofi uanrasKll, Br{JIIoqa,
3aTpaTLI BpeMeHlr Ha KaxAyIo oneparll4ro;

4. B rJraBe 4 6rrno 6rr qelecoo6pa,onrrna npvBecrrr .qaHHbre rro
coAepx{aHlrro Bo.qopoAa B HarrraBJreHHoM cJroe nplt lasepuoft HanJraBr(e;

5. B r.nase 5 npe4craelxerc-rl Jlorr4rrHbrM rrprrBecrrr pacrrer or(oHoMr.rqecKofo

sQ$exra or BHeApeHrrr pa^:pa6o:raunoil anropou rexHoJiofrrrr HarrraBr(z
ugttococroitroro rroKpbrrr,rr ua 6arulrar< ropMo3uoro ycrpofi crra.

OAnaro [MeIoUI{ecs HeAocrarKl{ He cHI4)Ka}or KaqecrBo Ir IIeHHocrI)
lpoBeAeHHbIX aBTopoM lrccne4onaurzft, rr Hocqr qacrnrtfi xaparrep. Taxuu
o6pasou, Arrcceprarllronnaa pa6ora Manrorzna Koncranruna Buxropoeliqa
Bbr[OrHeHa Ha BbrcoKoM Har{HO-TeXHr4qecKoM ypoBHe I{ [peAcraBrser co6oi
caMocroqreJrbHyro 3aKonqeHHyro Haf{Ho-Knanu(puraqzouuyro pa6ory, n roropoft
Lr3JlOlKeHbI nayrno-o6ocnoBaHHbre rexHr4rrecKr4e r4 TexHoJror[qecKr.Ie pelreHIL{ IIo
rr3roroBJreHlrlo 4erzurefr TopMo3Hofo yctpofi crea caMoJrera.

llo Ha) {HoMy ypoBHro, [oJrf{eHHbrM pe3yJrbraraM, co.qepxaHriro 14

yTBepxAeHHoM

OQOPMNEHIIIO NPCACTABJICHHAJI AI4CCEPTAqV OHHA{ PA6OTA YAOBJIETBOP'CT BCEM

rpe6onaurulr n.[. 9-14 lloroxeuzs o rrpr{cyxAeHlrI,r yrreHbrx creneHeii,
flocranosreHrreM rrpaBr4rentcrsa P@ or 24 cesrx6pr 2013 r. J\9

842, a ee aerop Marroruu Koucrantun Br.fl<roponnu 3acny)Kr4Baer npr4cyxAeHr4t

)nreHoft crerreHr{ KaHlrrAara rexnrrqecKr,rx HayK tro crreqv aJrbHocru 2.6.17. -
Marepua"none4euue (rexHuqecrlre uayrr.r).

Orsrrn paccuorpeH Ha 3ace1aHukr xa$e4prr <Marepzanon e1elvr.) Irrrrbtr u
cBapruD), rporoKorr ilb 10/25 or 01.11.2025 roga. Ha :ace4aHr.rv rarbeapu



lprrcyrQTBoBano 13 qrenos xaQe4prr zs 13. PesynrrarEr roJrocoBauur: <su - 13,
IIpOTI{B - HeT, BO3A€p)KaBIIIIITXCT - HeT.

3anegyroquft Ka$eApofi
(MarepuaroBeAeHrdr, rr,rrbs I,I cBapKrD)

AOKTOp Texur.rqecKux HayK, [potbeccop Illarylrcxufi
A-uerccau4p

Anarorteertq

llognncr Illarynrcxoro A.A.
Ha.ramnfir orAena KaApoB VLC. Cygapruua


