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Bbrcrrrero o6pa:ona"- <Hosocu6upct<uit rocyAapcrBennrrfi texHn'IecKlafi

yHr{Bepcr4reT) HA Ar{Cceprarlurc Hryen Ban tlrey <IIOAepXnocTHOe

y[porrHeHue Hlr3KoyfJrepogucrofi CTaJIII MeTOAOM IIJIa3MeHHOTO

nOBepxHOcTHOro nJIaBJIeHI{fl O6*ra:rn OJTOnsHHOft 6pOnrnr fi Icap6U'qa

xpoMa>, [peACTaBJIeHHyIO Ha COI4CKaHI'I9 y'renOfi CT9II9HU KaHAI4AaTa

TexHIIqecKIIx HayK IIo c[eqlIaJIbHocTI'I 2.6.17 Marepua'noBeAeHl'Ie

(rexnnuecrcue naYrcu)

B Hacrosrqee BpeMr cynlecrByer upo6lerraa rIoBbIIIreHI{t l43Hococroftt<octlt

MeTaJrJrr4qeCKI,IX CIIJIaBOB, 4eranefi L4 MexaHI43MOB' pa6OratOrqux B , yCJIOBI4f,X' KaK

eogAeftcrBux a6pazwBHbrx qacrr4rl, TaK Lr rpeHr,r{ croJrb}KeHus. Pa":noo6pasulte AeraJII'I:

BTyJrKrr, rrJracrrrHbr cKoJrb)KeHr,rx (nonrynu), nenoABI'DKHbIe rIJIacrI{HbI (4na upecc_-9:tylt:

loAIIrrr[HI,IKOBbIe y3JIbI, I,BTOTOBJIeHHbIe I43 AOpOII{X MeAHbIX CnJIaBOB' Hy)KAaK)TC{ B

neO6xO.UuruOCTtI gOB6IIII9HI,II upOtIHoCTI4 I4 Apyrllx CrOfiCrr, TaKax KaK I43HocoCrOfircOC$ n

Koppo3r,roHnas crofirocTb, a TaKxe B nepl4oA[.Iecrofi 3aMeHe. Xotg MHOfI4e 'MeAHbIe

c[JraBbr oolaAaror BbrcoKr,rMrr anuQpr,rrqIIoHHbIMI,I Cnoficrnavru, HO I4X HlI3Kafl

r,r3Hococroftroc$ v BbrcoKtur cTor,rMocrb He BcerAa yAoBneTBopfroT SKoHoMLtKo-

TexHlrlre0Klrrvr rpe6OnaHLItM COBpeMeHHOTO IpOI'I3BOACTBa.

B nocleAu[e roAbr, rrorBlrJrocb perrreur,re AJUI 3aMeHu 6ponloBblx MareputuloB I'I

UOBbIIIIEHI4'I KAIICCTBA )I(EJIE3HbIX CIJIABOB 
'BI.f,ETC{ 

I4CNOJIb3OBAHIIE MATCPTIIIJIOB HA OOHOBE

K0MIo3I4IIIII4 )KeJIe3a v MeAII (Fe-Cu), KoTopble MoryT odecnew'lsarr BbIcoKyIo

r43Hococrofir<ocrr w]r{ugt<uitxoe$$I4llreHr rpeHlrs. floraganbl npeuMylrlecrBa LI HeAocrarKu

Ha [paKTr,rKe y co3AaHHbrx cnJraBoB cIIcTeMbI Fe-Cu Ant 
-noBbIIIIeHI'Ir{ 

II3HOCOCTOfiTOCTI

MeTaJIJII{rIeCKI4X CUJIaBOB, Aeralefi 14 MeXaHI43MOB' pa6OtarOqUx B yCJIOBLIf,X' KaK

eosAeficrewt. a6pazvtBHbrx rracT[rl, TaK I4 TpgHI4t CKOJIbXeHI4'.

flpoanaln3lrpoBaHbr Bo3MoxHocrr4 rrcrroJrb3oBaHl4rl rJIa3MeHHofi gqYru O"1 
::111111

norpurufi c".reri, Fe_Cu_Sn c yJryrrmeHreM ynpoqHrrouux ceofrcts [oBepxHocTl{

4eralefi u I,IHcTPYMeHToB.
CrPYrrYPa r coAeprlcaHrre Padotu

,{nCCepraqlU COCTOI4T I43 BBeAeHIIt, 5 ruan, OCHOBHbIX BbIBOAOB' CIILICKa

r4c[oJrb3oBarrHbrx r,rcrorrgr4KoB Jll{Teparypbl I43 224 sauueHoBaHl4t Ir npuno}Ke$utrt A, E; ona



rr3Jro)KeHa Ha 207 crpagr,rqax Marrrlrgorprcgoro reKcra, coAepxLIT 106 pI4cyHKoB, 24

Ta6nI4qbI.
Bo BBeAeHur{ o6ocnosaga aKTyaJIbHocTb TeMbI AI'ICCepTaII[oHHoft pa6oTbl'

c$oprvrynupoBaHbr rleJrb r,r 3ag1aqln I4CCJIeAOBaHI4fi; I,BnOXeHbI HOBU3Ha I4 [paKTI4qeCKafl

IIeHHOCTb, a TaK )Ke ocHoBHbIe IIOJIO)K)HVII., BbIHOCI4MbIe Ha 3aIqlITy'

B nepBofi rJraBe [plrBeAeH O6SOp JII4TepaTypbI IIO MeTO.4aM co3AaHI4t

rrOBepXHOcTHoro IIOKpbITII{ Ha OCHOBe }KeJIe3a-MeAI'I, OilpeAeJI{eTCt IIOAXOA K BbI6Op:y

crrJraBoB Fe-Cu-Sn Aff [oBbrrrreHlrf, TBepAocrrl r{ rl3uococrofiKocrl'I cIUIaBoB' AeraJlefi u

MexaHr43MoB, pa6orarouu.rx B ycnoBr.rflx KaK a6pit3rrBHble qacrI4IIbI I{ TpeHI4e cKoJIbxeHI'It' a

TarcKe rrocTaHoBKaga aqwr4ccJreAoBaHut. fittxnoflyrleHllf IIOBepxHocTH,oI.O CJIOf, Ha OCHOBe

KoMrro3rr[uu ]KeJIe3a u M9ALI cyqegTByroT ABa gCHOBH6IX CuOcO6a: IIoBepxHOCTHOe

Jrefr4pOBaHI,Ie cTaJIefi vrlvr qyryHOB c IOMOIIIIIO MeAII LTIII4 MeAHbIx CrIJIaBOB 14

TTOB9p1HOCTII1UI H1IIIJIaBKa MexaHLIqeCKOfi CM9CI4 Ha OCHOB9 F9-CU aJIu M9AHIIX CIIJIaBOB'

Auzutng pe3ynbTaToB OIyfiJtrIKOBaHH6IX pa6OT [OKa3aJI, rITO AJUI [OlytIeHu'I

roBepxHocTnoro cJlot Ha ocHose Fe-Cu Heo6xoArMo oIIJIaBJIeHIIe uoBepx""t-I::Tl1:
[.rTepaType flpaKTuqecKr4 HeT pa6oT, cBt3aHHbtx c I'I3yqeHI4eM Bjlrr4flHl/'fl' TIJI{BMeHHOTO

narplra innanos cprcreMbr Fe-Cu-X (X: Cr, Ni, Mn, C ra ap.) Ha crpyKrypy 1_1YI:::-:
cBoficrB [oryqeHHbrx HoBbIx Marepr.rruroB. ArryanHrocrb HacroflIIII4X I'IOCJIeAOBaHI4TI

COCTOLTT tI3 IOIICKa TSXHOJIOTIq9CKI1 [apaMeTpOB Anfl' O6eCneqenu'f, O1TI4MaJI6HOIO

HacbrrrleHlur craJrbuofi rroBepxHocrlr B pex[Me o[JIaBJIeHI4{ cMgcblo oroBsHnoft 6ponsu u

Kap6r4Aa xpoMa, rroBbrrrreHr4r cTerrenu At,ICUepcHoITLI u B3aIlMHOfi pacTBolI',IMOCTI4 CIJIaBOB'

u Tu**a u46a*-"Hocrr4 r4crroJrb3oBilHlrfl BbTCOKOKOHTIeHTpI4poBaHHbIX LICTOqHUKOB .UUt

rrJraBJreHr4fi c[JIaBa B rBepAofi oage.
Bo nropofi r.nane o[ucaubr o6opy,uoeaHare 14 MeroAbI lIccJIeAoBaHns. CAeraHo

O6oCnOsaHI,Ie nrr6Opa COCTaBa A- aor.Au"I4fl O6Ma3KI4 Ha OCHOBe CMeCu' sKnl0'IarcIllefi

onoBrHHyro opou:y (IIPB-EpO1O) c pa3MepoM qacrIIII MeHee 150 n',rxru; ynpoun'rrorqr'rfi

KoMrroHeHT, ,oaap*urqufi 
- 

xap6uy, xpoMa; crrsyrorqnft Marepl44[ (nanqempcrufi

cr,rrurKaTgblfi ruefij. ,{annrrfi TI4n o6Ma3Ku AaeT xopo1llee MexaHrlqecKoe cqeflJleHlre Q

[OBepxHoCTbIo It o6arrrat""aer Cra6ralrHOCTb ropeuus nna3MeHHOfi 4yrI'r' 
^--^^^;

B rpertefi rJraBe flpeAcfilBneHbl p$yJlbrarbl: MoAeJII{pOBarrI4rI Irpoqecca

orJIaBJIeHIlrI IIoBepxHocrI,I cTaJII4 c [oMoIUbP naKeTa nporpaMM YryUAL'
ENVIRONMENT 8.6, uOnyveHr{r nefr,rpoBaHHofo CnO{ rpl4 rJraBJIeHI',Iu oJIOBtHHOfi dponsrt

c uC[OJrb3oBaHI,IeM parnuunofi ToJIuIIIHII O6uagru V pa3m4rIHbI*.,1O*O"' [OIytI:Hut

Jreil4poBaHHoro cJror [ocJre rrJra3MeuHofi onrasreHl4t cMecI4,oJIoBtHHofi 6ponrrr v'Kap6vl'a

xpoMa c pa3n1rrgoft ee rbpaxqrefi u 4onefi upl4,cune roKa 140 A u ronllll4He CJIOlt O6Ma3KI'I

0,25 uu, uccJreAoBaHils. B]rrrflHrrt TonIqI,IHbI O6Ma3KI4 na $oprranpoBaHlle norePxnocTrroro

nerurpoBa'Horo cnor r{3 cMecr4 orossHuofi 6ponsrr 14 Kap6r4$a xpoMa, $optuupoeaum

nef[poBaHHoro cJlot c IIepeKpbIBtlrcIIu'IMI'ICS AOpOXKaMLI npfi IJIa3MeHHOM HarpeBe cMecI',I

onossHHoft.$ponsm u rcapluga xpoMa, cpaBHr4TenbHofi OrIeHKrr rBepAocrr{ nerr4poBaHHblx

cJroeB Fe-Cr- C- Cu- Sn npn yfl p oTIHeHIII4 IIJIa3MOft u lasepou.

B uerneprofi rJraBe [pIIBeAeHhI pe3ynbTaTbl oIIpgAeneHI'It XLIMI4IIeCKOTO :
Sasoeoro cocTaBoB, I43yqeHue oco6eHuocTl'1 MIIKpocTpyKTypbI IIoJIfIeHHbIX cJIoeB 

1
ia*u""r*u $opurporanur irerupoBaHHoro cJIo{, BIwrflHLra KoHBeKIIlln Mapanrouu 14

B{3KOrO SgauNaoAeft QTBVTL Ha Ilpoqecc [poIIJIaB lIelgtlfl' MeTaJIJIOB.



B nsroft fJraBe npr4BeAeHbr pe3ynbrarbr lrccJleAoBa$rzlfl: rIcrIbITaHut nerI4poBaHHbIX

cJroeB sa CrO[rOCTb K t4CT[paHuIo B yCJIOBI4tx eOgAefiCrsl4t 3aKpe[JIeHHbIx a6paS3aruux

qaCTraII, a TarcKe B yCJIOBI4J{X CyxOrO TpeHI'If, CKOnb}KeHUt; OIIeHKa IeUIOCTOftKOCTII

Jref[poBaHHblx cnoeB IIpu BbICOKLIX TeM[gpaTypax; u3ytleH[e BJII4'HI'I' JIeI'UpOBaHHbIX

cJroeB Ha *oppor"o"tyb crofiroctr Hll3Koyrnepo4xcrofi KoHcTpyrltrI'roHnoft CTa[u B

pacrBope NiCf c KoHueHTpaqr,reft 3 rvracc. %; paspa6orra npeAJIoxeHI{rI IIo

rexHoJrorlrqecKrM rr rexHr4qecKuM rpe6oeauluu K Irpoqeccy $op\ltp9Bry\ yu

rroBepxHocrr 3aforoBoK u3 KoHcrpyKrlr,ronnofi oraJu I43Hococrofixrax cJIoeB Fe-Cr-C-Cu-Sn

c r4crIoJIb3oBaH[eM rrJIa3MeHHoft 4yrn.
Hayuuar HoBIr3Ha
- BbIsBIeHbI 3aKoHoMepHocTI'I t[oprvrnponalvls' cTpyKTypbl JIerupoBaHHbIx cJIoeB B

loBepxHocTHoM cJroe Hrr3KoyrnepoAracmfi KOHCTpyKIIllOnnofi waltllr B pe3ynbTaTe

[Jra3MeHgoro orrJraBJreHr4r o6Mt]3Kr,r, eocrorrqefi 1as cMecl4 oroesHHoft 6ponsu u xap6wga

xpoMa, B 3aBrrcr4MOCTLr OT pe)KrrMa IIJIa3MeHHOIO HarpeBa (renrronofi MOIIIHOCTI'I

,rn*r.""ofi ryrw, cKopocrll o6pa6orrur) u no4rotosKkl odNla3ry^lrolylnSrt cJlot' pa3Mepl

qacrr4rl I,r cocrana). frry6rana n.."po"u"Hblx cJloe cocraBJu{er 800 - 1300 MKM' 3HaqeHII{

Mr4KporBepAocrLI4OO-7O0HV. -- -!
- ycraHoBJreHo, rrro rrpr4 $opnrnponaur,ru onJraBJIeHHoro cJIofi Ha rloBepxHocrl{

KoHcTpyKIIIaOnnoft CTaJII OCHOBHrIMI'I Saraivrr'r YI CTpyKTypaMI4 nerLIpOBaHHOrO CIOI

."rt rit Fe-Cu-Sn rBrrnrorcr rBepAhlfi pacrBop yrrlepoAa B CI, I{ Y-Fe, T.t11t:^L13:,1
MeArr c oJroBoM o-cu, e-cu, 6-cuarsn' n B'-Cu13.7Sn, a AJUI nerI4poBaHHOrO CJIOT CIICToMbI

Fe-Cr-C-Cu-Sn: TBepAbrr pacrBop yr*pOAU B U,I,I1-Fe, uapreHcl{T' sBTeKTI4rIeCrCUfi rap6Ia4

(Fe3C), rnepAsrft pacrBop MeAII . ono"ot o,-Cu, rap6lrg MzsCo. kIAewu$wryIpoBallbl 'Fa

""lu 
tur*tl e-Cu: [epBoro rl4ra pa3MepaMn 20 - 30 rrarru ,I Broporo TI4ra co cpeAHI'IM

pa3MepoM - 250 utr't.

- o[peAeJreHo, rrro ycroftrrr4Bocrb KoHcrpyKlluonnofi arulz. (c neFupyloul'IM

rroBepxHocrHblM cnoerra) K a6pa3I4BHoMy I43Hocy yMeHblllaerct B pfiNyi JIerrpoBaHIIy """i
,"rr.ru, Fe-Cr-C-Cu-Sn > Fe-C-Cu-Sn > cu-sn flpra cyxoM_ tpeTn'{ cKorlbx(eHl{t

r43HococTofirocrr JIen4poBiuIHoIo cJlot clIcTeMbI Fe-Cr-C-Cu-S1 r 2 - 3 pa3a Bblrrre rro

CpaBHeHI4rc C neFLIpOBaHHbIMI'I CJIOTMI'I CnCTeM Cu-Sn, Fe-CU-Sn I4 JtrITefiHOfi OnOssHHOfi

6Ponsofi' rr ^, ^-.,-^,-. ? ,.on o/.
- ycTaHoBneHo, rrTo B pacTBope NaCl c KoHlleHTpaquefi 3 UaC. o/o U Wrcltotu"t:T

pH 6,5 lernposaHHrrft cnofi CPICTeMbI cu-Sn I4M9eT HaIIMeHbIIIyT IJIOTHOCTb TOKa

Koppo3r,rr4 (u 2 pasaMeHbrrre, treM ocrrulbHble Clou), a IIOTeHIIuiuI Koppo3ltu cnos Fpft:ca

cu-Sn Bbrrrre Ha 90 v 70 vrB ro cpaBHeHIIrc Co CJIO'MI4 cU-sn vI Fe-Cu-Sn'

3rcuepuueHrarrbHo AoKa3aHa ponb xpoMa B cocraBe o6naasxu B cMeIIIeHItl-T::::.11,T,3

,,,nTTr{Hra B cropoHy 6olee noJroxorreJrbubrx gna.Ieuuft [pI4 rIoBbIIueHI'II4 rlaccuBl{pyroqe[

cnoco6nocrn JIeIIIpoBaHHoro cJIo{ Fe-Cr-C-Cu-Sn' Kopposraonnar - 
cro^IaKgcrb

yBenFrlrBagrcr B psry cr4creM nerLIpoBaHHbIx cJIoeB: Fe-Cu-Sn < Fe-Cr-C-Cu-Sn < cu-Sn'

Teopern'recKafl H rlpaKTrlrrecKafl 3Harl[Mocrb

- noJI1,.IeHHbIe 11pu B6IIIOJIHeHI4I4 I'ICcJIeAosaHIafi p$ynbTaTbl pa6oTbl pacmuptrcr

[peAcTaBneHIIs o cTpyKTypHbIX il $asonrrx rpeBpaqeuuflx, rrpol4cxoAtlqrrx upl4

rrJrtBMeHHoM noBepxHocTnoM onJIaBJIeHI4II cMecll tnnu"u cllcreMbl Cu-Sn 
" 

yT*Y:i:l

loou"norrap6u4axpoMa'cuonytleHueMnefI,IpoBaHHoIolloBepxHocTHofocJlo.f,Ha
KOHCTpyKrIUOnnofi cTurvrctrcTeMbl re-cr-c-cu-sn. nooyta""lte n pa6oTe HoBbIe AaHHbIe B



AanbHefirueM 6yayr yqrrrbrBarbcr ApyruMr4 IlccJIeAoBareJI-[MI4 B rlpoqecce rrt6opa

pa3n[rrHbrx TI4IIoB o6rua.:or Enfr IIoJIfIeHI4t IIoBepxHocTHo-neII4poBaHHbIX tlo:_ Ha

KOHCTpyKIIT4OHHbTX CTaJuX rro rexHoJlon4u EJIII3MeHHOT0 [oBepxHocrHofo OIIJIaBJIeTII'I{'

- rpoAeMoHcrpl4poBaHa Bo3MoxGocrb coqerail]rlfl' ailIlaBa.MeAI4 (olonruuofi 6p:i:tj]
\t xap6irc xpoMa Anr co3AaHur Ha KoHcrpyKrlraonnofi crtull4 rloBepxHocr'oro

nefl4poBagHoro cJror c orrrr4MnJrbHbrM[r csoficrsaN,Ira (no rBepAocrll, I43Hococroftrocru u

Koppo3l{oHHocrofir<ocru) r pexl{Me o[JIaBJIeHLUI

- prcpaloTaHbr TexHonofuqecK[e oQHOBbI Nrfl co3AaHLIt Ha [oBepxHocTl{

Hrr3KoyrnepoAncrofi KoncrpyrrluoHnoft crarr4rroBepxHocrHoro oJlot cucrerurt Fe-Cr-c-cu-

Sn, roruqnnoft I - 2 uwrlrg o6Nra3Kr clrcreMbr Cu-Sn c ynpoqrulrorqefi Ao6aerofi rcap6ra4a

xpoMa, [pr,r roJuqrrHe HaHoar{Moro Ha floBepxHocrb criull{ cros o6Naa3ru 0,5 MM, cKopocrll

o^6pa6orrr, 2 - 3 uvr/c 14 cvre rora 100 - 140 A'
- AoKa3aHa Bo3MolKHocrb [oBbrrueurt noBepxHocrnofi TBepAocrI{ Aeralefi uryIl "

r.rHcTpyMeuroB, pafiorarorql4x B ycnoBu{x TpeHI{f, cKoJlbxeH:afl Io 600 - 700 HV c

rrCrrOJrb3OBaHI4eM O6naaSru cMecu oIoesHHOfi 6pOuSlr w rcapfluga xpoMa'

MeroAnr rrccJreAoB aHrrfl [I AocroBepHocrb p $yJrbraroB
flpu urrnoJrHe'r,rr4 A'rcceprau"o""ifi pa6o-tn rpl4MerryJ'ab cJleAyrcIque 

YeroAbI
uCCneAOBaHr{r{: I{3MepeHLIe M[KpoTBepAOCTII; uCIIbITaHI'Ie Ha KOppO3I4OHuyrO CtOfiKOCTb;

trcrrbrTaHrre Ha a6pasuruoe LBHarrr[BaHI,Ie; IIC[6ITaHI,I9 B ycnoBurlx CyXOTO TpeHI'If,

cKoJrbXeHrIJI; [c[bITaHIIe Ha renlocroftKocTb; MeTaJlno{pa0rvecxufi, peHTreHo-

SnyopecUentrufi u oIITLIKo-eMI4ccuoHnrrft analueu. ,{m orpeAeneHl{'I cKopocTu HaIpeBa

rr oxJraxAeHr{{ upu rrJra3MeHHofi o6pa6orKe Lr orITrIMrI3arII4[ TexHoJloruqecKl'rx [apaJ\4erpl_B

npoqecca HarpeBa r.rcrroJrb3oBaJprcb coBpeMeHHbIe MeroAbI IILICTOHHOTO MO.{eJI[poBarII4t:

I4CCI9AOsaHI,Is [poBoAlIJII,Icb C npIIMeHeHI4eM COBp9M9HHOTO aHzLIIlITIIqecKorO I4

rexHoJrorutaa*oro o6opyAoranur, la6opatopurx ycTaHoBoK tr cooTBercTBytoqlx

M9T9AIIK npOBeAeHI,I.t{ 3KC[epuMeHToB' AaTIIIIT1 AOcToBepHbIe pe3ynbTaTbl' floqOnepuOcrl

p."VnutatOn pa6oml Aocrl4raerc.f, npI4MeHeHI4eM coBpeMeHHbIx Mer:loB c Aocr-o-T:l
crarucrrrrrecKofi BeporrHocrHoil rroBToptreMocrbro. Brrcoras KoppeJulqus pe3yrbraroB

gKCneprdMeHToB Lr 1OCTOf,HCTBO CBOfiCTB ner[pOBaHHbIX CnOeB [OATBepnqaIOTCf,

coBpeMeHHbIMI4 MeToAaMI{ alulvsa cTpyKTypbl M9T1UIJI9B' Pelylrtarrr ucCJIe'[oBaHvIfl' He

IIpoTI4BopeqaTcyIqecTByIouIlIMHayqHbIMIIoJIo)KeHufrMIvIcofJlacyloTcfcpByJIbTaTaMI[
pu6ot Apyflrx aBTopoB, KoTopbre r.rcloJIb3yIOT Apyrue UOTOIIHI4KI{ HarpeBa MeTUIIIOB'

Ily6.rlnrcaqun. IIo TeMe ALIccepraII[n o[y$nIIKoBaHo B nrypgallax I{ B c$opHIIKax

tuyt""o ronQepenquft 16 HalrqHblx pa6or, I43 HLI1 5 crarga BXoAflT B MeX'uyHapoAHyIo

,"rr.*y SCOfUS, 4 crar'uB )KypHanax, Koropble BxoAsr B repeqeHr BAK'

Bu6opo.m sft aHa1u3 COOTBeTCTBIIx pe3ynbTaToB rry6nuK a\iltrr Tpe6oBaHI4tU BAK

rroKa3blBaeT, uto ocuoBHble pBynbTaTbl AI'ICCepTaII[I4Id3JIO)KeH6I B CTaTbfi :

l. Hryen B.rI. flosbrrtreHr4e rBepAocrll roBepxHocrHoro cilof, MaIIoytI.p:{Tl_o_1

craral 3a rcqer rna3MeHHoft o6pa6omu rrao4uszqrapyloqe-1 o6rr'9Tra , ll - -B-ejTy!:
I,Ipxyrcroro rocyAapcrBeH'oro rexHuqecKoro yHuBepcrtbta. -2020.--T.24.-Ns I (150)'

- c. 5243.
2. Hryen B.rI., Acm$reea H.A., Tuxonoe A.f., Eaj]anoscKlafi A.E: lnaTrryeruuar

oUeHKa TBepAocrII JIeIupoBaHHbIX norprrrufi vs o6rr'ra3Ku cMecl4 CuSn-CrxCy rpla

yrpoqHegrrr,r rrJra3Mor r.r lLepou // Yupo.r"rrcrqole rexHoJIorI4rI rI rloKpblTns" - 2021' - T'
'r7'. 

-Ns 4 (196). - C. 166-172.



3. Hryen 8.9., AcraSrera H.A., EaranoecKl,Ifi A.E., Eapanou A.H. I4ccleAoBaHLIe
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Boupocnt n 3aMerraH[fl no Auccepralruonnofi pa6ore:

l. I{ennro Ar4cceprarlnosnofi pa6orrr tBJUIerct noBbIIIIeHI'Ie rBepAocrpl rI

r.r3Hococroftrocru noBepxuocrlr Hr43KoyulepoAklcroft roHctpyxquonnoft craJILI.

I4s gcra Ar.rcceprarluonnofi pa6orrr He floutfiIo, c rorofi qenbro IIpoBoAllJII4cb

I,ICCJIeAoBaHI,I' nO ollpeAeJleHulo teuloqrOfiKOCTI'I (Sagaua No6, cTp' 9

Aucceprarlwu) uKoppo3lroHnoft crofirocru (ra4aua Nt7, crp. l0 4nccepraqrara).

2. LIs reKcra ArrcceprarluosHofi pa6oru He rIoruITHo, no KaKoMy rpI'IHIIury

nu6pann Harpy3Ky 5,20,50 H npu o[peAeJIeHuIl ll3Hocoqrofirocru'

3. B pa6ore B KaqecrBe o6opyAonanr,rr Nrfl oupeAeneHlat I'I3Hococrofitcocrr't

1ac11oJrb3oBa;rn rurruSoBaJrbHo-noJlrlpoBaJlbIruft cranor. OAAaro I'IMeercf, fOCT
17367-71 (rvrero4 kr}rrbrralrlhrs, Ha a6pasnenoe IEHaIIII4BaHue lp" TpeHI4I4 O

3aKperrJreHntre a6pa.:r{BHbre uacruq). B erou cJrfrae Mo}KHo 6ulo npoBecrl'I

cpaBHr,rreJ6nrrfi aHaJrr,r3 c Apyrr,rMI,I Hay{HbIMI,I pa6orauu 14MurcpvuraMu.

4. Hanecenue 3arqr,rrHbrx norpurufi Mero,4aMI,I oTIJIaBJIOHI'Ifl cnoco6cteyer

r43MeHeHr,rro MexaHr4rrecKlrx csoftcrs ocHoBHoro MeraJIJIa. B pa6orc [pI{BoMTct

ToJrbKo 3uaqeHr{r Mr4KporBepAocrrr. OnpeAeleHlre xapaKTepl4crllK [poqHocrll'

[JracrlrqHo crw, y;iapnoft effKoctr catoco6crsoeano 6u ynyrrueHl,Irc KaqecrBa

uccJleAyeMofi reurt.
5. B pa6ore rMeroTcr He KoppeKrHoe Onr4CaHUe CTpyKTypHoro cocrotHl4{ MeraJIJIa.

Hauplruep: pr4cyHoK 3.30, crp.116 (paenoocuue crpyKTypbl, tqeucrble

cTpyKTypbr, crol6uarrre cTpyKTypn). BeporrHo, petlb I'I.4er o paBHoocHbIX,

tqel4crblx Ia cror6'rarrrx KpI'IcraJIntx uJrI{ 3epHax'

3aKrlo'renue
C yqeTOM aKTyiuIbHOCTId TeMbI .4[CCepTaIInn' nay'urOfi O6OCnOSanHOCTII'

opr4ruH4Jrbgocrr.r r,r HoBu3HbI TexHoJIoruqecKID( pa:pa6oroK MoxHo AeJIarb BbIBoA o roM'

qro AI4ccepTaUI4t Hryn Ban rlrey Ha TeMy <IlOeepxnocTHoe ynporlHeHlae

Hr43KOyIJIepO4racrOfi CTAII1 MSTOAOM nJIa3MeHHOrO [OBepxHoCTHOrO '11;1as;1esus O6MA3KI'I

ono""r"ofi 6pon5r u Kap6w[axpoMa) rBJurerct caMocrotreJlbHQfi, 3aKoHqeHHofi nayilro-

lcnanrasuraqnosnoft pa6orofi, Bbrnom{eHnofi anropoM caMocrorlTeJlbHo Ha coBpeMeHHoM

HayqHo-rexHuqecKoM ypoBHe.- 
,{zcceprarlrro'Hix pa1ora Hryen Ban r{rey Ha reMy <florepxnocrHoe ynpoqHeHl.e

Hr43KgyrnepOAucrOfi CTaIIu MSTOAOM IIJIa3M9HHOTO 11OB9pXHOCTHOTO nJIaBJIeHLIt O6uaSrcn

ono""r"ofi 6ponsu u xapluga xpoMD) coorBercrByer KBaJInST'Iraqu.oHHbIM rpe6oaanu'rrrl

nyuKa g ,iflooo*.""a o flprcyxq4eHrl4 HaytIHbIx cr:enenefi>>' yTBepxAeHH:ro

nocraHoBJreHr.reM flpeure6crsa P@ Ih g+z or 24 ceurr6pr 2013 r., a'ee aBrop, Hryen Ban



Bay, 3acJry)Kr4Baer llpr4cyxlleilr4s. y.renofi creIIeHI4 KaH.U4Aara rgxHI4tIecKI'TX HayK IIo

cnaqr*u" ocrw 2.6.!7 - Marep[aJroBeAeHue (rcxuuuecKl,Ie nayru).

,{uccepraqlloHHiul paflora u coAepxaHue oT3bIBa o6cyx4enu u ogo6peuu Ha

sace1a1vrr HayqHoro ceMrrHapa raSe4prr MarepI4aJIoBeAeHLUI B MalurHo-crpoeHvlvr

Honocn6npeKoro rccyAapcrBeHHoro rexHl{qecKoro yHI,IBepcI,ITera, rlporoKon Ns12U or

15.12.2022 r.
flpucyrctBoBtlJlo Ha 3aceAauuvt 25 qeroBeK.

Pesylrra6r ronocoBaHrlr: ((3D) - 25 .reroBeK, (fiIporI,IB> - Her, (Go3AepxaJlocbD -

HCT.

orgrrs rroAforoBJreH A.r.H. (2.6.17 Marepl,IaJlone4enne), upOQeCCOpowt,

3aBeAyrorqr4M ra$e4poff MareprlrrJroBeAeulrt B MaIIIIlHocrpoeHI4I4 Hosocn6[pcKoro

rocyAapcrBeHHoro TexHurrecKoro yHr4Bepcl.rrera (HfTy), Earaeelrrd Bla4nuupotvt

An4peeruueu.
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A-p rexn. HayK, npoSeccoP Eataee Bna4uruuP AH4Peennv

floAnncr Bataena B.A. :aaePrrc
HaqiuIbHLIK OK HfTY flvcrosarosa O.K.

Oe4epanlnoe rocyAapcrBeHHoe 6roAxeuroe o6pasonareJlbHoe fIpexAeHI'Ie Bblclllero

o6pasoaanzs Hosocu lupcwnft rocyAapcrBennrrfi TexHllrlecKufi yunnepcnrer

A4pec: 630073, r. Hosocu6upcr, np-t K.Mapt<ca,20

Ten.: *7 (383) 346 50 0l
E-mail: rector@nstu.ru
Cafir: https ://www.nstu.ru


