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oT3hrB BEAyrrIErl oprAHr4 3AIIr.Ir4
Qe4epamnoro rocy.{apcrBeH'oro 6roqxernoro yopa*aarrru <Bcepoccr,rftcnafi nay*ro-r{ccJreroBareJrbcxuil z npoexrnrrfi r,r'crur}T Tyro'.na-sKzx ,eranroB 14 TBepAbrx crr,raBoB)) Ha

At4 ccepra'lr4.HHyro pa60ry rlarpy'rena Aner<can4pa Ioprewrva r'a reuy <Brzx'ae 406a-eoxTyrorrJraBKrrx coegunenrzit ua crpyKTlpy rz cB
crr:raBoB Ha ocr{oBe rco6a,rrra>, npeAcraBnen

Texnr.IqecKux HayK no cneqr.ranrnocru 2.6.5. <

MaTepl{allbr)

Arcrya.n rnocrr padorl,r
I,IsHococrofxrde Ko6aJlbroBhre c[J]aBbr h floKpErrlrr, B TOM qI4CJIE HA OCHOBCcrzcreMbr Co-Cr-W(\4o), ucnoJlb:yrorcx B pa3JrI{qHEIX oTpacr.sx

2 I ol{I 202r,

npoMBIIUJIeHHOCTI4, IZMEHHO

TeMrrepaTypax IIJTIZ B afp ecclr BHbIX cpeAax.

rrvvryrDrurJlvfrfivu r 14' . aMeHHo B €L3pOKOCMI{qecKot, HeoTeAo6bIBaIOqeft, B
MEAIIIIIIHE' IIIZPOT<OC NPIIMEHEHVE CIJIABOB HA OCHOBE C'CTEM'I CO-Cr-W(MO)
o6ycnoBreHo ptx cTofixocr.xro Er \/.rr^D'dvcTOftKOCTbro B ycJroBrIf,x lr3Hoca [pr4 IIOBbIIIICHHbIX

.{nx nonlrlreHllt sKclJlyararlI4 oHHBIX cBoftcrB AeraJleft u3 l{3HococrofrKr4x
r<o6a:Etosrrx c[JraBoB, B ToM qucre MexaHr4rlecKl{x cBofcrB, Tpeoyerc.s
coBeplre'crBoBaH'e c''oco60B snszro-xnai,rqecKoro ylpoqHe'U' c[,raBoB.Brzgy ceoeft sueproes$exrr{B'ocrr,r, [epcleKTr4BH'rM Ha[paBJreHr'eM f,BJrrerc_f,



JrerlrpoBaHrre CIIJIABOB IIyTeM BBeAeHr.{t rIacTI4IIrJ reru lJlJEAtrHA {AATLIIJ, TyfotIJIaBKIIX COenI4HeHIjft;
OOP€,.OBAHI,E 14 HTEPMETANNI4AH'IX COEAIIHEHI4ft; O6PA3OBAHUE CJIOXH'IX KAP6IZAOB.

conepruencrnoBa'lr e TexHoro rilecKoro lpoqecca Iu,roroBJre',n-s
ugttococtoftrux Marepl{aroB BCefAa {BJlrercr a*Tyuurr,H'rM HalpaBJreHl4eu pa60r.
Tax' npunaeue'l{e MeroAoB 3aKaJIKZ pac[JraBa [o3BoJrter 3a cqer Aocrrzxe'l^
cBepxBbrcoKrrx cr<opocreft
Mdrepvula, IIpvBoAsIII4x
MMepIIaJIa.

oxJraxAeur.r.{ 4o6lrrrcx rz:nreneHzf B crpyKType
K TIOB6IITIeHI{IO MexaHvrIecKVX XapaKTepI4cT}IK

pacfirraBa

B ceoeft)er4 Arzcceprarlrzr4 aBTop flpuMen.ser MeroA gKcrpaKrlr{lr Btrcrruefi ranlrra
(3BKP)' roroprrfi fio3BoJrf,er co3raBarb r{cxoA''re KoMno3r4rrr4rr

coqeraloq[e Merarr[qecKl4e oc'oBhr u no6anxu ryrotrJlaBKrrx sa^:, a rarNe
go6unar'cx $opuzponauzf, oAHopoAHot crpyxrypu 6riaro4apx 6ecrurenrnoil
IIJIABKC MATEPWAJTA II BO3MO}KHOCTTI AOCTI{XEH'.' CXOPOCTEf OXJIAXAEHI,I,
ao 106 K/c.

llosrouy [poBeAeuHoe aBTopoM r{ccJIeAoBaHI4 e c [pr.rMeueur]eM MeroAaSBKP rnx [oB6rrrreHr{r MexaHl.qecKrrx ceoftcrs v rr3'ococrorrxocru
BbrcoKoJre'poBaHHbrx ro6zurrronrx c[.[aBoB C ArrclepcH'rM ylpoqHeHr4eM
TY.O,'IABKIZMU qACTZIIAMTI NYTEM LIX NUCO'<OCr<OPOCTUOfi KPI4 CTAJ]JIA3AIII4IT
rlpeAcraBJrfler HecoMHeHHyro aKTya.,rbHocrb KaK c nayvnoft, TaK kr c
npaxrurvecrofi ToqKr4 gpeHur.

O6qaa xapaKTeprrcrzrca paOorrr
Ar.rcceprarlrzoH'air pa6ora [peAcraBJ]rer co6oft crpyKTyprzpoBaHHr,rfi,

tIocJreAoBareJr'HO rr3JroxeHnuil srcuepzueuranrnrrft Marepl'€ur. [rzccepraqua
cocToI4T r13 BBeAeEtLf,, qeTblpex rraB, 3a*Jrroqe'llr, c''acKa quTupyeMoll
nr.reparypbr (90 navrrenoeauuft) r4 coAepxrlT 112 crpaunl *u-""o*n""o"o

Ilpr4Hqr4lrr4€ur6Ha_f, Bo3MOXHOCTB

cr.rcreMbr Co-Cr-W c Ao6aaKaN4I4

TeKCra' B TOM rrr4cJre 64 pncynKa, 24 ra6rrur1r,t. fpaszuecrax qacrL
Alzcceprarlr4 oHHoft pa6oru xopouo Brr3y€urrz3rrpyeMa 14 rrourrua.

A.IO. llarpyrueerrlr

AocrolrlrcrBoM Ar.Iccepralluounofi pa6orrr frBrrfrercfrTo, qro aBTopy yA€uroc;
no4po6no r4ccJreAoBar' crpyKT)?H6re oco6euHoc:ru rco6a,,rrogrrx clrraBoB,
noryqaeMbrx nprl cBepxBbrcoKI4x CKOpOCT.{X oxJlax(.4enus. rlo pe3yJl'TaraM
uccreAoBaHr[ MeroAaMri peurrenosa^roeoro rz grzosepeHrlrl €Urr,Ho-TepMr4arecKoro
aH rn3a ycraHoBJIeHO, qro BBeAeHLIe B COCTaB XO6anrroeoro c[JraBa czcrel*r co-
Cr-W 4o6aaor TiC 4o 12 at. yo nprz cnepx6rrcrpof Kpvcran rrLr3ar\Lrr4 nprrBo.{r4T K

B Ar4 ccepraquonuoft
loIyrIeHIZ{ BOJIOKOH II3

TiC, B+C, Co3B rraero4or,.r

pa6ore

rco6a,rrroerrx

3BKP.

IIoKa3aHa

CNJIABOB



Qopulrponanzro oguo$asnoiZ crpyKrypbr Ha ocuoBe fe{_y_Qasu. C
rIpI4MeHeHHeM MeroAoB MI4KpOpeHTreHoc[eKTp€Ur'HOfO a'aJru3a z snerc:rponnofi
Mr'rKpocK'rrrlv [oKa3aHO, qro B c[JraBax c[creM6r co-co:B-B+c np, anopu""",
oxJraxAe'ru paclJlaBa 105 K/c ua6ntogaetcn BToprrq'ar Kpi{craJrnr43arlr4rr, rITo
Bbr3BaHO CyqecTBOBaHrreM B pacnJraBe HaHoKJracTepon 6opz4nofi $asrr.ilpegcrannrer r4'Tepec flpeAnoxeH'ar aBTopoM MeroArrKa or{eHKrr
npoq'ocrHbrx ceofcrs rBepAbrx clJraBoB Ha 

''HoBe 
,n3Mepe'w.s [poqHOCTr4

BoJroKoH, [oryqeHH'IX MeroAoM gKcrpa*rlr.r4 nrzc.arqefi KalJrIr pacrlJraBa,
r{r'TbrBaroquf zx reolrerpuqecKr{e oco6eusocra. Anropolr [peArox{eH C'OCO6
Kpe[JreHrrt BoJroKHa [pr4 l{cflhrraHl4rx n pacqerHo_rpa$zvecxzft Mero.{
tr ccJreAoBaqlir BoJroKoH ceploBr4AHofo ceqeHlzr. llpegnaraerraax Mero.rLIKa
anpo6rzporana lI [oATBepxAeHa npv I4ClbrraHI{rX BOJTOKOH r43 TIZTaHOBOT. clJraBa
BT1-0, roryrreHHbrx MeroAoM OBKP.

Aeropola pa:pa6oran onralraarusrft pe)KuM rop-sqefo flpeccoBaHru
vs4erfirfl rrzrra (Korr6rlo) rr3 clrraBa (Co_Cr_W)_5%TiC_l,5yoB4C. arr6paunoro no
pe3ynbraraM KoM[JreKca zccJreaoeaHufi : lpeccoBauve fipr4 AaBneHLrr4 70 MlIa u
HarpeBe Ao reMleparyprr 850 "c z 6esyca40unofi z:orepuzvecxofi nrr4epNre 15
MrrH' ABTopoM Aocraroq'o no4po6no r43JrOXeH Tex'ororvqecKzii [poqecc 14
rloKa3a'br eto oco6ensocrlr' B TOM 'rzcre Heo6xoAI4MOCT6 arpa4"Upt"ao""oao
rz3MerbqeHl4{ BoJroKoH [epeA o[epaqaeft ropxvero npeccoBaHI4fi c rleJlrro
rroBbrrrreHl'rr uacunnofi [JrorHocrr' MareprraJra. onrzlra.,rr,,uft pexuu [oJryqeHr4{
o6ecneqanaer ,qocrrrxeHr4e v3*errfifr rr4rra (KoJrErIo)) r{3 c,,JraBa (co-cr-w)-
5%T rC - 15%B+C yponnx ornocrrreJrbHofi nnornocru 9 g,syo.

Pe:ynrta*r ncnrtra'lrft Ha rpeHr4e-rr3'oc AeMo'crprrpyror [oJroxrzreJTb'Lre
pe3yJr6Tar6r uccnegonauuft crpy*rypH'rx oco6ennocreil xo6a,rrrosrrx clnaBoB c
YIIPOIIHEHI4EM II3 TYIOIIJIABKI,IX COCAIIHEHI]ft C ZCNOTTTSOBAHTEM METOAOB 3AKAJIKIZ
paclJraBa v rop'sqero flpeccoBa'rlr: [oJD4reHHoe I43AeJrr.Ie rr4[a (KoJrLqo> Ir3crlraBa (co-cr-w)-5%Ticr,5%B4c r4Meer [oKa3areJrb rrHreHcrrBHocrr4
r43ualrrlBartr4a B ycroBl4_sx cyxoro rpeHv{ 2,2.10-8, qro [pr4Mepno n 4 pasa
lpeBocxoAlrr cnran (Co-Cr-W-Ni), nony.renurrft MeroAoM nopol6onof ra3epHoii
HAIJIABKI4,

llpar<ravecraa 3uarrr4Mocrb pa6orrr cocrorzr B cneAyroqeM:
- aBTOpoM [oKa3aHa Bo3MOXHOCTb [pIIMeHeHIL MeTOAOB roprqero

npeccoBaHr'rf Aff 
''onyqe'u'. uzgennft u3 cJro)K'orervpoBa'H'rx rco6a,rrroerrx

cfIJIaBoB' ylporIHeHHbIX A'rcfiepc'hrMrr qacrr4llaMrr ryfo[JraBKr{x coeAu'e'ull,
.qI4CCEPTAHTOM PASPA6OTAUU OIITIZMAJIbHbIE PEXIIMbI KOMIIAKTI{POBAHII,:



- PA3PA6OTAHA TCXHOJIOII4qECKAII CXCMA II3IOTOBJIEHII' II3HOCOCTO'KI.X

- IIPOBEAEHEI TPI46OTEXHI4 TIECKI{E V CIIEITAHI,Ifi, NOK'BABIIIT4 C IIOBI,IIUEHHE
SKCNNYATAUIIOHHbIX XAPAKTEPI4CTI4K KO6ANbTOBbIX I43HOCOCTOTKUX MATEPI4ANOB
IIPI4 BBC'4EHI4I.I B I4X COCTAB TYTOIJIABKI'X IIACTIZII U NOCNEAYIOIIICfi 3AKANKU
paanrlaBa c Aiur6Hefr rrrl4M roprrluM npeccoBaHrreM;

- BBeAeHa B gKollJryaTarlurc ycTaHoBKa sKCTpaKr{LrLt B;?r)flnleft Ka rrr4
pacflJlaBa, rIo3BOJItrrOqar, 3a crler [puMeHeHIZr 6ecrure.n*rof ,,JraBKH KaK B
BaKyyMe raK B cpeAe rrHeprHblx ra3oB, rloJr)^rar6 MI4 KpoKpr.t crajrJrrrqecKae 14

antopQHtre qacrl4q'I fipa*TirqecKu us rro6rrx Marepll€uroB [o.qBepfabrqr.rxc,
[JraBJreHI4Io, B ToM qI'rcJIe I]3 xIrMLIqecKIr aKTzBHbrx Marelln€uloB.

Ifau6o.,ree Bat(Hr,re [oJryqeHHbre pe3y",rbTaTbr
HoBt43Ha,qr4cceprarlr{onuoii pa6orrr

BbI36IBaeT COMHeHU_g I4 3aKIIOqaeTc, B CJIe.IlyIo[IeM;
- BriepBbre ycraHoBJreHO, qro BBeAeHrr e B cocraB xo6a-,rrrosoro croraBa

4o6anor TiC Ao 12 at. o/o npu cnepx6rrc:rpoft xpr.rcra:r rv3ar\uv [ptrBoAt4r K
Qopur.rpoeaurzro o4no Qasuofi crpyxrypu Ha ocHoBe f {K_y_Sa^:u;

- YCTAHOBJIEHO, IITO B CIrJIABAX CI4CTEM;I CO-COEB-B+C NPI4 CKOPOCT,X
oxJraxAeHrzr pacllJlaBa 105 IVc na6nro4aercx BTOpr4qHa{ Kpr.rcrarrJrn3arlr4r, qro
Bbr3BaHo cyqecrBoBaHr4eM B paclJraBe HaHoKJracrepon 6opuguofi $asrr;

- IOKA3AHA IPI{HIIT4 IIIAJIbH€UI BO3MO)I(HOCTb OIICHKV NPOqHOCTH'IX CBOfiCTE
TBepABIX ClJraBoB Ha ocHoBe v3MepeHl4s nporrHocTrz BoJroKoH, [oJrvqeHHblx
MeroAoM gKcrpaKllrlu nucxrqeil KarrJrr4 pacrrJraBa.

llpe4craanen'bre B Arr ccepraqv ouuofi pa6ore HoBbre HarrHEre pe3ynbrarEr
v [paKTr4rlecKze pa-spa60r:xu e o6racru noporuxoeoft MeranJryprHrz H TexHoJrorr4r.r
rr3foroBJle'rrr 

'nsuococrofiKux 
uzge''uir zg ro6anrron'Ix crrJraBoB C ylpoqHeHrzeM

I.I3 TYTOIJIABKI{X COE,4IZHEHI'Tft C ACUOIISOBAH}ICM METOAOB 3AKAIKI4 PACTIJIABA II
roprqero [peccoBaHr4{ lroryr 6rr:rr zcloJrB3OBaHEr B KarrecrBe ocHoBbr nJuganrueiiurr'x zccre40raurzft, HarrpaBJreHHErX HA coBeprrreHcrBoBaHrre
cyqecrByroql4x Lr co3AaHI4e HOBETX VgUOCOCrOftrczx clJraBoB Ha ocHoBe ro6aa au usae:nuft r43 Hrix, [puMeu.rreMbrx B agpoKocMiruecKoil, neQre4o6lrnalorqez,
ve4nqzncrcof rz ApyrrIX HayKoeMKI4X OTpacJrflx. Hayur*re rr MerorrrqecKrr e

mzgelluft rEg xo6a:t:roe6lx clJIaBoB
rrctroJl63OBaHI,IeM MeTOAOB 3aK€UTKLI

c y[por{HeHLIeM rI3 TyroriJlaBrlrx coegzHeHI,rft c
paclJraBa r4 ropsqero flpeccoBaH]Lfl;

Hayvuax llarpyrrreea A.IO. He

Penoueugaquu rro
pe3yJrLTaToB ArrccepTaurru

IIpaKTHrrecKoMy IICIIO.]'IL3OBAHIIIO OCHOBHbIX



PA3PAOOTKI. ABTOPA MOIYT HAilTI4 IIPI4MEHEHI4E ,,PU AO3NAHLIN HOB'IX
I,I3HOCOCTOfiKI4X CIJIABOB HA OCHOBE KO6AN6TA B BEAY,,II'X OTPACJICB'IX I4'AT'TYTAX
(HZI-{ <Kypvaroecxzii r.rucrt4ryr) - BIIAM kr W.) vnysax (MAI4 z 4p.).

{ocronepnocrr, rroJryqeHHr,rx

.{ocronepHocru noJrJryeuHhrx
pe3yJr6TaToB noATBepxAaeTc,

pe3yJrbTaToB

B Arzcceprarlrzonnoft pa6ore HayrrHbrx

rr ccJreAoBau f, - Mera:TJrofpa$ravecrvtZ a:eaJrtr3) oKaHrzpyroqaf, greKTponHa_{
Ml4rpocKorvq (MPCA), 4u(fQepenqilanrnaa repvuvecr<ufi aHarrrr3 iflrOl,peH'euosasonrrfi aua-nzg (p@A). Bce pe:y.nrra.br rroJrrreHbr Ha noBepeHHoM
o6opy4oaani'u4 c I{cloJrb3oBaHrreM rw{eH3IroH'ofo [porpaMMHoro o6ecneqeHaq.

npr4MeHeHI{eM coBpeMeHHErX MeTO.{OB

I4ofrrtTaEr4fl r{ uccJreAoBaHrr{ [poBoArlJrr4c6
HayrrHo - texnrzqecrofi ,4oKyMeHTarlr4pr,

B COOTBETCTBI,IZ

4efrcreyrorqeft
c

HA

CraH4aprurre

rpe6oranz-arr,ru

3aMe.ranuq

MIIKpOTBepAOCTU I4 [porIHOCTr.r MeTrUrJ IqeCKr.IX BoJroKoH nO
o6pa6omrz.

3HaqzMocru Arrcceprarlvu z o6rqeft errcorofi orleHKu pa6orrr.

repprropr4rl Pocczficxoft @e4epaqnz (|OCT v ISO).

oTMe-ras rocroriHcrBa Ar4 ccepraqr,o'uoft pa6o*r A.Io. rlarpy'rena, n
KarrecrBe gaueqanuft cJreAyer yKa3arE:

l' I{e:recoo6pasno 6rrno 6rr sxrroqzrr B Ar{ccepraru4ro r{ccneAoBa'r'
crpyKTypHbIX r4 MexaHrrqecKr4x csoftcre ngnococrofxlix npoMbrruJreHHblx
rco6a,trroerr* clJraBoB, Hanpr.rMep, B3K, ,,oryqeHH",X uero4orr,r OBKp c
locneA)'IouuM roptrrl4M [peccoBaHrreM, AJrt cpaB' e,,pr,- c ficcJre.ryeMr,rMr'
KoMtro3rrqIrrMrr c[JraBoB.

2. tr4cnr;lilawus Ha rpeHr.re_r{3roc B nncceprarfuu 3aBepruarorc.a
O'PEAENEHVEM IIOKA3ATEJIfi IIHTEHCI'BHOCTII I43.'^III,IBA.'|,fl B YCNOBII,X CYXOTO
TpeHIr{, [pr.r STOM sa:oard cocraB Ir COCTOTHITe noBepxHocrrr uzge,,uit B xo.ue 14

rrocJre I{crlbrraHIz f He ficcrenyercr.
3. B pa6ore He coAepxaTcf Br{BOAbI O

OrNreqeuurre HeAocrarKr4 He cHr4xaror uayvuoft u npar<ruqecr<ofi

3arc.nroqenne

llpe4cran"nennax nucceprarlrroHHar pa6ota BErrroJIHeHa Ha B'rcoKoM
Haf{Ho-TexHzrrecKoM ypoBue v [peAcraBnset co6ofi 3aKoHqeHuyro HafrHo-
rnanzQuraqv oHHyIo pa6ory, r xoropori z3Jro)KeHbr 3aKoHoMepHo 4crrr B1klflHr4fl

Kopper.srlr4u ypoBH.rr

r4 nocJIe replruvecnoii



Ao6aBoK ryfolJraBKrrx coeArrneur4fi TiC, B+C, Co:B na crpyKrypy rd cBoficrBa
BOJIOKOH 11 KOMIAKTHBIX MATEPUAJIOB II3 CNJIABOB HA OCHOBE XO6ArrrTA, KO.I'OP'IC
rro3BoJrlrJru aBropy pa^:pa60ra* on*rua:*urrft pexr4 M r.pf,qero npeccoBa',ns
r.3AeIILrfl' TIZ''a (KoJrbIIO)) ,' AOCTUq' gHaqenrzfi TBepAocrrr [oJryqaeMofo Marepnaln
36 - 39 HRC, a raKxe 

''oKa3areJlt 
I4HreHcr{BHoorr' r43'au fiBaHwfr [oryqaeMErx

r,s4em'fr (KoJrbrlo)) B ycnoBrrrx cyxoro rpe'r{r 2,2.70-8, qro [pr4Mep' o y 4 paza
npeBocxoArrr cnnan (co-cr-w-Ni), nonyrennrrft MeroAoM noporrroaofi ra3ep'or
HANJIABKI4.

Pesyrsrarrr Al{cceprarlr{o'noft pa6otrr, BrIHocrrMBre Ha 3arrlrrry, [porrrJrr,r
anpo6aqnro Ha 20 Haf{Ho-TexurzqecKr4x ronsepenqzxx. Co.{epxanrze
Arrcceprarltrli rz3Jro)r{eHo e 5 craT6.sx B perleH3r4pyeMBrx rr3AaHr4rx nepeunx BAK
npu Mrlno6puayxv pocczu, 2 crart u ony6nzxonaubr B MexAyuapoAH;rx
)KypHaJIax' r4HAeKc4pyeMhrx B Me)KAyHapoAHhrx peseparunnrrx 6a:ax Aa'rr'rx
Scopus u Web of Science.

AnropeQepar z ouy6rrzrcoBaHH're pa6o*r rroJrHocrbro orpaxaror
coAepxaHi{e,4r4 ccepTarlr{r4.

llo HayqHoMy ypoBHro, fioryrreuHblM pe3yn6TaraM, co.4epxaur.rto rI
o0oprnreHzro [peAcraBJreHH ax palora yAoBnerBoprer BceM rpe6onanzxu n.n. 9-16 llonoNeuu.q o [plrcyxAeHr.rrl yqeHbrx creleuerz, yrBep)KAeHHoro
flocraHosreHr4eM rpaBurerircrsa p@ or 24 cenrx6px 2013 r. J\e g42, u ." ,urop,
llarpyuen Arexcau4p IOprenuv, 3acJryxorBaer nprrcyxAeHrirr y.regofr crenegr4
Rau4rr4ara rexHr4qecxr4x HayK no cleqrraJrlHocru 2.6.5. dlopourxorax
MeTaJrJr)?rIu 14 KOMlo3I4rIIrOHHbre MaTepr{aJr6l>.

orslrn pacclrorpeH Ha sacenaHr4rr y-re'oro cosera @fEy <BHI{zrc> u
IIpII H.fIT IIpII eAVHOfJIacHOM roJrOcOBaHrz r.r.

3alrecrrzre.nr ArzpeKTopa
IIo HayKe K.T.H.

Y'reHrrft cexperapb K.o.H.
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H npoeKrHsrt r.rHcraTyr ryronnaBnrrx MerarJroB H rBeplbrx cm,raBoe> (OIEV (BHI{LITC))
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