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PaboTa BbINONHEHa Ha  Kaegpe  meTannosefeHuss ®rAQY BI1O
«YpanbCKnin theaepanbHbIi YHUBEPCUTET UMEHW nepBoro [pe3maeHTa Poccum
b.H. EnbunHa»

HayuHblin pykoBoguTesb: [LOKTOpP TeXHNYECKUX Hayk, npodeccop,
Bapa3s Bnagucnas PyBumoBuyY

OdmupanbHble ONMOHEHTbI: KopLuyHoB JleB ['eoprmuesny, JOKTOp
TEXHMYECKNX HayK, T BYH NHCTUTYT
(hun3mkn metannoB YpO PAH, rnaBHbIi
Hay4HbI COTPYAHMK NnabopaTopum
(pM3MYECKOro MeTasl/IoBeieHNs

CaBpai PomaH AHaT0/beBMY, KaHAUAAT
TeXHNYeckux Hayk, PI'BYH NHcTutyT
mMawnHosegeHus YpO PAH, 3aseaytownia
nabopatopuerd KOHCTPYKLMNOHHOTO
MaTepnanoBegeHus

Beayulaa opraHmsaums: ®Ire0Y BI1O «YpanbCcKui
rocynapCTBEHHbIV NECOTEXHUYECKUNIA
YHV/BEPCUTET»

3awmTa auccepraumm coctoutea «12» pekabpa 2014 r. B 15:00 4 Ha
3acefjaHMM amccepTaumoHHoro coeeta [ 212.285.04 Ha 6aze ®rAOY BI1O
«YpanbCKUin theaepanbHbIi YHUBEPCUTET UMeHU nepsBoro [llpesnaeHTa Poccumn
B.H. EnbunHa» no agpecy: r. EkatepuHoypr, yn. Mupa, 19, aya. MT1-329.

C auccepTaumein MOXXHO 03HAKOMUTLCS B 6UMO/IMOTEKe N Ha canTe PIAQY
BMNO «YpanbCckuin ¢eaepanbHblid  YHUBEPCUTET MMEHM nepsoro [lpesngeHTa
Poccun B.H. EnbumHax, http://dissovet.science.urfu.ru/news2/

ABTOpedepaT pasocnaH «___ » 2014 .
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OBWAA XAPAKTEPNCTUKA PABOTbI

AKTyanbHOCTb paboTbl. Co3faHnMe HOBOW TEXHWKM W MepefoBOu
TEXHO/IOTUN  HEMNoCPeACTBEHHO CBS3aHO C  pasBUTMEM UM KayeCTBEHHbIM
yNy4LleHVeM CBOWCTB N CNYXeBOHbIX XapaKTepUCTUK MeTa/IMYECKNX MaTepunasios.
Cpean HMX 0c060e MeCTO 3aHMMAOT MPYXXUHHbIE CTa/IX U CMNaBbl, UCMNOJb3yeMble
B NpMOOpo- W MaWMHOCTPOEHUN A1 W3rOTOBMEHMS  Pa3/INYHbIX  YNPYrmx
3/IEMEHTOB OTBETCTBEHHOI0 Ha3HayeHus. Cneumdguueckue ycnosms paboThbl
00/IbLUMHCTBA NPY>XUHHBIX U30ennid TpebytoT NpYMEHeHMst CTasleld U CMlaBoB C
BbICOKMM  YPOBHEM  MPOYHOCTHbIX W  YMNPYrux CBOWCTB, [AOCTaTOYHOM
MNaCTUYHOCTW, NOBBILLIEHHOW penakcaluMOHHON 1 YCTaIOCTHOW CTOMKOCTW.

[Mpy>XNHHbIE  CMNJiaBbl  ABNAKOTCA  BbICOKOMPOYHLIMK  MaTepuanamu,
MOCKO/IbKY CMOCOGHOCTL BOCMPUHMMATL W MepefaBaTb 3HauMTe/lbHble CU/IOBble
Harpysku, WCK/KYasd Npu 3TOM BO3MOXHOCTb MPOTEKaHMS [axe Maloi Mo
Be/IMYMHE OCTaTOYHOM AethopMaumm, — 3TO OAHO U3 OCHOBHbIX PYHKLMOHaIbHBLIX
CBOMCTB ynpyrux anemeHToB. lMofo6HOe KayecTBO 0COG0 BaXXHO A/ MPYXKMH,
NCMO/b3yeMbIX  A/1  TOYHbIX  MPUOOPOB, MPEUM3NOHHBIX  U3MEPUTESIbHbIX
yCTpoMCTB. Kpome TOro, Takme m3fenns 00bIYHO 3KCNIyaTUPYHOTCH B YCNOBUAX
Npeo6/1afatoLLero BO34eNCTBUA KPYTALLMX N U3TMOHBIX Harpy3oK, BC/eACTBME Yero
MaKCUMa/ibHble HanpsXXeHWs BO3HMKalOT B MOBEPXHOCTHBLIX CNOSX  YNpPYyrmx
3/1leMeHTOB. [laHHOe O0O6CTOATENbCTBO 3aKOHOMEPHO [AUKTYET HeobXo4UMOCTb
MPUMEHEHNA TaKUX BbICOKOMPOYHbLIX MaTepuanoB, KOTOPble XapaKTepusyrTcs
MOBbILLIEHHbIM  COMPOTUB/IEHWEM M1AaCTUYECKOW AehopMaumMn MOBEPXHOCTHbIX
y4yacTKoB. BOT noyemy onpefeneHHOe BHUMaHWe MOTYT NpuBeKaTb TEXHOMOMUN,
MO3BONAIOLLME LieNIeHaNnpaB/ieHHO 06ecneymBaTb MOBEPXHOCTHOE YMPOYHEHUe
Takux matepuanoB. Cpean HUX OYEBUAHbIA WHTEPEC CroCOOHbI NpPeacTaBsATh
MEeTO/b! NOBEPXHOCTHOWN 06PabOTKM, OCHOBaHHbIE HA NPUMEHEHUN NIACTUYECKOrO
aedopmmpoBaHmsa  (0bKaTka ponvKamy U Lapukamu, ApobecTpyiHas 06paboTka,
a/IMa3Hoe BbIrNaXnsaHue u ap.).

OfHUM 13 CrMoco60B MOBEPXHOCTHOrO MIaCTUYECKOro [AethopMUpOBaHUS
ABNAETCA PPUKLMOHHAA 06paboTKa B YCNOBUAX TPEHUS, UCKTOYAKOLLMX 3aMETHbI
fehopmaumoHHbIA - pasorpeB.  [okasaHO, 4TO B pe3y/bTaTe  Takoro
AedopmmrpoBaHnsA B NMOBEPXHOCTHOM C/l0e 06pabaTtbiBaeMbIX M3/ BOHUKAKOT
yNbTpagucnepcHble, B TOM YNC/e U HAHOKPUCTaIMYECKME CTPYKTYpbI. Hannune y
BO3HMKAIOWMX B 30He (PPUKLUMOHHOIO KOHTaKTa CTPYKTYp OCOObIX CBOWCTB
(BbICOKas TBEPAOCTM M AOCTaTOYHAsA NAaCTUYHOCTb, MOBbILEHHAs YCTONYMBOCTL K
PasyrnpoyHeHNo MNpu  OTMYCKe, (PUKLMOHHASA TenioCTOMKOCTb) MO3BOSAET
paccmatpmBatb  YNPOYHAKOWY  (PUKUMOHHYIO  00paboTKy B KayecTBe



MePCNeKTUBHOIO Cnocoba yny4lleHns 3KCMayaTaumoHHO BaXKHbIX XapaKTepUCTUK
MEeTa//IMYECKMX MOBEPXHOCTEN.

WccnenoBaHnio (OPUKLMOHHOIO NMOBEPXHOCTHOMO BO3AEACTBUSA Ha CTa/in ©
Cnsasbl MOCBAWEHO 6O0MbLIOE KOMYECTBO paboT. [lonydeHbl pesynbTarhl,
MEIOLMe BaXHOE HAyyHOe M MpaKTUYeckoe 3HayeHue. Ho, HecMoTps Ha
MOBbILLEHHOE BHMMaHWe uccnefosartesieil K npobieMe NoBepXHOCTHON NPOYHOCTY
CT/IbHbIX W3OeNWUWA, PAf  BaKHbIX BOMPOCOB, KacaloWMXCA  CTPYKTYPHbIX
npeBpaLleHnii, MexaHn3MOB AeOPMaLMOHHOIO YMNPOYHEHUA U MX BAUSHUA Ha
(hM3MKO-MeXaHMYeCKne CBOWCTBA, OCTAlOTCA HeAOCTATOMHO M3Y4YeHHbIMK. Tak,
obcTosATeNbHbIE MCCnefoBaHNA B aTon obnactu  (J1.I.KopwyHos, A.B.Makapos,
C.FO.TapacoB ¥ fap.) B 60NbLUEA CTeneHW 3aTparvBain BOMPOCHI, CBS3aHHbIE C
B/IMSIHUEM NOA06HON 06paboTKM Ha NokasaTe/n M3HOCOCTOMKOCTU UCCNeayeMbIX
mMarepvanoB. BmecTe ¢ Tem OTCYTCTBYKOT CBeLEHMS OTHOCUTE/IbHO 06paboTKu
TPEHMEM TMPYXXUHHBIX MaTepuanos, paboTalolWmMX, KaK OTMEeYeHO Bbille, B
CMNeLUnpUUecKNX YCNoBUAX HarpyXeHus. pn 3TOM NPUMEHUTENBHO K YNpyrum
afeMeHTaM, MCMosb3yeMbIM B TOYHOM MPUOOPOCTPOEHMM, pedb 06bIYHO MAET O
MNPYXXUHHBIX  U34eNNAX, W3rOTOB/IEHHbIX W3 JIEHTOYHbLIX WU MPOBOIOYHbIX
3aroTOBOK, UMEeOLLMX Masible rabapuTbl U XapaKTePU3YOLNXCA TOHKMM CEYEHUNEM.

13n0KeHHOe BblILLIe NMOKa3bIBaeT, YTO A4/1 U3AENUIA TOHKOIO CeYeHUs BNOJHE
3HauMTeNbHbIM MO BO3ENCTBMIO MOXKET 0Ka3aTbCs UCMO/b30BaHWe (PUKLUOHHOIO
Harpy>KeHUs C Le/bl0 BAUAHUA HA CTPYKTYPHOE COCTOSIHWE W OYeBUMAHOE
M3MeHeHVe CBOWCTB. B 3TOM OTHOLWEHUW YA0OHBIM OOBLEKTOM W3YYeHUS MOryT
ObITb AMHHOMEPHbIE MaTepuasibl C Masioi Be/IMYMHOM MOMEePeYHOro CeyveHus.
[MprMepoM TaKUX W3AeNIMn MOXHO CUMTaTb JIEHTOYHbIE 3ar0TOBKU AN1A YNPYrux
3MIEMEHTOB, KOTOPble MOMYyYatoTCA MyTEM M/IOLLEHUSA MPOBOMOYHBLIX (KPYI/bIX)
nonycgabpukatos. py 3TOM CaMOCTOATENIbHOE 3HaYeHWe MPUMEHUTENIbHO K
NEHTOYHBbIM MaTepuanam MOryT UMeTb CBOINCTBa, KOTOPbIE OKa3blBatOTCA Hanbonee
BXKHbIMA WMEHHO A8 MPYXWHHbIX W34eNniA — COMPOTUB/IEHWE  MaslbiM
nnacTMyeckum  gedopmavmsam,  MOBbIIeHHAs  TBEPAOCTb,  penakcalMOoHHas
YCTOWYMBOCTb,  YCTA/IOCTHAA  CTOMKOCTb,  COMPOTWB/IEHWE  MOBTOPHOMY
Harpy>keHuto (3ghhekT bayumnHrepa). Ocobbli MHTePEC MOTYT MPeLCTaBNATL TakKe
ahpekTbl, 00YCMOB/IEHHbIE BO3MOXHOCTbIO W3MEHEHWA (ha30BOr0 COCTOSHUS B
Xo4e  (MPUKUMOHHOTO  HarpyxeHus. B vacTHocTw, cregyer  OXuaatb
CTUMYNIMPOBaHNe NOAUMOP(HOro MpeBpalleHUs B CrnaBax, CoAepXalimx
MeTacTabubHble ¢hasbl (Hanpumep, (Has3oBbIi Nepexof aycTeHUTa B MapTeHCUT
fetopmanmm).

Llenb paboTbl — NMPUMEHUTENIBHO K NMPY>XWHHbIM CTa/IAM MapTEHCUTHOMO Y
ayCTEHUTHOTO K/acCoB BbISABUTb OCOOEHHOCTU (DOPMUPOBAHNA TOHKOI CTPYKTYpbI



nocfe 06paboOTKM TpPeHWEeM, OnpeaennTb (YHKUMOHaIbHbIE CBOWCTBA TaKMX
MaTepuanoB, a Takke pas3paboTaTb MeTOf MOBEPXHOCTHOM  (PPUKLMOHHOM
06paboTKM A/IMHHOMEPHbIX IEHTOUHBIX U3AENNiA.

B paboTe 6binv NocTaBneHbl CneayroLLme 3a4aum:

— WCCNefoBaTb TOHKYHO CTPYKTYPY CTasileil MapTEHCUTHOIO 1 ayCTEHUTHOIO
K/1aCcCOB, NOABEPTHYTLIX PPUKLNOHHOMY YNPOYHEHNIO;

— U3Yyu4nTb BAMAHME 06pPabOTKM TPEHMEM Ha cheumduyeckne CBOWCTBA
MPY>XUHHBIX MaTepuasioB: COMPOTMB/IEHVE MasbIM MJACTUYECKUM AedhopMaumsM,
nposiBfieHne agekTa baylnHrepa, penakCauyoHHYK CTOWMKOCTb, YCTa/lOCTHbIE
CBOWCTBA;

— paspaboTaTb METOAMKY W CKOHCTPYMpOBaTb  3KCMEPUMEHTaIbHYHO
YCTaHOBKY A/19 ()PUKLIMOHHON 06paboTKN ANMHHOMEPHbIX TEHTOUHbIX 06Pa3LI0B;

— ONpeaennTb ONTUMasIbHbIe YCNOBUA AeOPMaLMOHHOIO YMNPOYHEHUs ¢
MCMO/Ib30BaHNEM METOAa MaTeMaTUYeCKOro naaH1MPOoBaHKsA IKCNepuMeHTa.

HayuyHasa HOBM3Ha  guccepTauMoHHOM  paboTbl. Ha  ocHOBaHMM
BbINO/IHEHHOIO MCCNef0BaHMSA MOMYyYeHbl HOBble Hay4Hble pe3ysnbTaTbl, KOTOPbIe
BbIHOCATCS Ha 3aLuTy.

1. BbIfBNeHMe 0COGEHHOCTEN MOBEPXHOCTHON (PPUKLMOHHOW 06paboTKM
MPY>XXUHHbIX CTalell MapTEHCUTHOIO WM ayCTEHUTHOrO KNacCoB W YCTaHOB/IEHME
BO3MOXXHOCTW (DOPMMPOBaHUA B 3TUX MaTepuaiax BbICOKO (pparMeHTUPOBaHHOW
CTPYKTYPbl HAHOKPUCTA/I/IMYECKOro MacLuTaba.

2. Vcnonb3oBaHWe BrnepBble MOBEPXHOCTHON 06pabOTKM  TpeHWeM B
KayecTBe MEepPCrneKTMBHOINO Cnocoba MOBbILWEHNA BaXKHbIX 3JKCMyaTauMOHHbIX
XapaKTepUCTUK  YNPYrmx  3/1eMEHTOB  —  MPOYHOCTHbIX,  YCTa/IOCTHbIX,
penakcauMoHHbIX.

3. O60CHOBaHME ONTUMAa/IbHbIX PEXMMOB TEPMOMEXaHUYECKOM 00paboTKM C
Lenblo  (POPMMPOBAHUSA  BbICOKMX  (DYHKLUMOHANIbHBIX  CBOWCTB  MU3y4aemblX
MPY>XXMHHbIX CTa/leld Ha OCHOBE MPUMEHEHUS HOBOMO Crocoba (PPUKLUOHHOIO
YMNPOYHEHNA [MHHOMEPHbLIX JIEHTOYHbIX 3aroTOBOK MO CXEMe «CKOJIb3ALLas
3aroToBKa - HEMOABWKHbIA UHAEHTOP.

[MNpaKTnyecKasi 3Ha4YMMOCTb

1. PaspaboTaHa KOHCTPYKUMSA YCTAaHOBKW A1  3KCMEePUMEHTA/IbHOro
NCCNefoBaHUsA B/IVSAHUA TEXHONMOTMYECKMX (PakTOpoB HAa CBOWCTBA MPYXXUHHbIX
MaTepuanoB, OCHOBaHHas Ha AeOpPMMPOBaHUN AJIMHHOMEPHBIX JIEHTOYHbIX
3aroTOBOK B YMPYroniactuyecko o6nactm nyTeM MPOTATMBaHUSA  Yepes
3aKpensieHHble NHAEHTOPbI-BASIKU.

2. [MpoBeaeH NMOUCK ONTUMAa/IbHOTO peXxuma (PPUKUMOHHOIO YNPOUYHEHNS B
3aBMCMMOCTM OT [aB/IEeHNA B 30HE KOHTaKTa, paguyca WHAEHTOPOB M 4ucna



npoxofoB. AHaIUTUYecKad  OLeHKa  Xapaktepa W CTeneHn  BAUSHUA
PaCCMOTPEHHbIX  (haKTOPOB  [aeT  BO3MOXHOCTb  OMpefennTb  Hambonee
paunOoHabHbIA PEXUM PPUKLMOHHOIO YNPOYHEHNS.

3. TlpeasioXkeHHbIn  CNoco6  MOBEPXHOCTHOrO  YMPOYHEHUS  MONYUN
MOMIOXKMTENIbHYIO anpobaunio Npy U3roToB/IEHMUN YIPYTNX 3N1EMEHTOB (NPYXXWH) B
MPYOOPOCTPOUTE/bHBIX YCTPOMCTBAX CreLnanbHOro Ha3HaueHus.

4. PesynbTaTbl AMccepTaUMOHHOM paboTbl UCMO/b3YIOTCA B NIEKUMOHHbIX
Kypcax W npu MNpoBeAeHUN 1abopaTopHbIX 3aHATUIA ANA CTYOEHTOB,
obyyarowmxca no HanpaeneHuto 150100 «MaTepuanoBefeHe U TeXHONOMMS
HOBbIX MaTepuasnoB.

[locTOBEpHOCTb pe3y/ibTaToB pPaboTbl 06ecreyeHa WCMO/b30BAHMEM
MPOBEPEHHbIX U anpobUpOBaHHbIX  METOLOB  WCMbITAaHUA  MaTepuasios,
MPUMEHEHMEM  WM3BECTHbIX  CMOCO60B  06pabOTKM  3KCMEPUMEHTa/IbHbIX
pe3ynbTaToB. Pe3ynbTaTbl UCCNeLOBaHWA, MpPuUBEAEHHbIE B HacTosLleld paboTe,
XOPOLLO COrnacytTcs mMexay cobor v He NPOTMBOPEYAT M3BECTHLIM B Hay4YHOM
NnTepatype NpeacTaBeHUAM 1 pesynbTaTam.

JInuHblin  BKMag  aBTopa. B npeacTtaeneHHon — pabote  npw
HernocpeACTBEHHbIM  yyacTUW  aBTopa  MOMyyeHa  3HauMTeNbHad  4acTb
3KCMEePUMEHTaIbHOr0 MaTepuana.

ABTOpOM nNpoBefeHa TepMuyeckass obpaboTka 00pasLoB, MOABEPTHYTbIX
(DPUKLMOHHOMY  Harpy>eHuto, U  BbIMOJIHEH  3an/jiaHNPOBaHHbIN LMKN
NabopaTopHbIX  WCNbITaHWA. poBefeH  MeTaNiorpanuyeckunii,  3M1eKTPOHHO-
MUKPOCKOMUYECKMIA N PEHTITEHOCTPYKTYPHbIA aHa/IU3 NIEHTOYHbIX 06pa3LoB.

[unccepTaHT  MpUHWMana HEenocpeAcTBeHHOE Yy4yacTue B NaHWPOBaHUU
9KCMEPUMEHTOB 1 B 0OCY)XXKAEHMM NMONYYEHHbIX Pe3y/bTaToB, & TakXke B HarnucaHuu
crated UM Te3MCOB [A0KNafoB. Pe3ynbTaTbl  UCCNeLOBaHUS  HEOAHOKPATHO
[OKNaAblB/IUCh NIMYHO AMCCEPTAHTOM HAa COBELLAHUAX U KOH(EepeHUMsX, B TOM
yncne N MeXayHapoaHbIX.

Anpobauus paboTbl. OCHOBHbIE pe3ynbTaTbl PaboTbl ObINN NPeACTaBEHDI
Ha Hay4YHbIX KOH(epeHUMAX Pa3IMYHOro YPOBHA: MeXKAyHapOa4HbIX, B TOM YuC/e:
«[POYHOCTb U paspyLUeHne MaTepuanoB U KOHCTpyKumin» (OpeHbypr, 2010 r.),
XVII  KOH(pepeHLMN MONOAbIX Y4YeHbIX MO MPUOPUTETHLIM Harpas/eHUAM
pasBUTMSA Haykn 1 TexHukn (EkatepuHoypr, 2010 r.); XI, XIl ¥panbCKoi wKone-
CeMMHapa MONoAbIX Yy4eHblxX-meTannosenos (EkatepuHoypr, 2010, 2011 rr.);
«[JucnokaumMoHHasa CTpyKTypa W MexaHW4yeCcKMe CBOWCTBA  MeTal/loB U
cnnasoB» (EkatepuH6ypr, 2011 r.), V MexayHapogHoW LwKone «Pusnyeckoe
MartepuanoBefeHne», «HayuHo-TeEXHUYECKUA NPOrpecc B MeTannyprum» (Anmarbl,
2011 r.); I, Il MHTepaKTUBHOM Hay4YHO-MPAKTUYECKON KOH(hepeHUUN «/IHHOBauun B



matepuanosegeHun u metannyprim» (EkatepmHéypr, 2011, 2012 rr.), XXI
YpanbCKO  LLKOMEe  MeTaIoBefOB-TEPMUCTOB  «AKTYya/lbHble  MPO6/IeMbI
(hm3nyeckoro metannioBefeHns ctanet u cnnasoB» (MarHutoropck, 2012 r.);
Bcepoccumcknx — VI MOnofexHonW HayyHon KoHpepeHUMn «MUKpPOMeXaHU3Mbl
NNaCTUYHOCTN, Pa3pyLLEHNS U CONMYTCTBYOLWMX ABNEHUA» (TonbaTTn, 2011 r.).

MNyénnkaymn. Mo Teme aucceptauum ony6nnkosaHo 19 paboTt, B TOM
yncne 5 cTaTel B peLeH3npyeMbiX HayUHbIX XypHanax, onpeaeneHHbix BAK.

CTpykTypa 1 06bem amcceptaumn. AuccepTaumoHHas pabota COCTOMT U3
BBefeHus, 5 rnas, 06WuX BbIBOAOB U CNUCKa nnTepatypbl U3 158 HanmeHOBaHWI.
O6beM auccepTaumm — 132 cTpaHuupbl, TEKCT AuccepTauun UaMCTpupyotT 33
pucyHKa 1 10 Tabnuu,

OCHOBHOE COAEP>XAHWVE PABOTbI

BBefeHne cofep>XuT 060CHOBaHME aKTya/lbHOCTWM MNPO6/EeMbl, HOBU3HY W
MPaKTUYeCKy 3HaYMMOCTb, ONpeaenseT Lesb 1 3a4ayum paboTol.

B nepBoi rnaBe npeactaB/ieH aHaMTUYECKUA 0630p nmMTepatypbl Mo
OCHOBHbIM METOJaM NOBEPXHOCTHON 00pPabOTKM, B TOM YKC/E B YC/IOBUAX TPEHUA
CKOJMIbXXeHUsA.  [1poaHa/iM3MpoBaHO  BMSHUE  (DPUKLMOHHON  MOBEPXHOCTHOWA
00paboTKM Ha CTPYKTYpYy B 30HE KOHTaKTa WM (OM3MKO-MeXaHU4YecKne CBONCTBA
MatepuanoB. PacCMOTPeHbl ayCTEHWUTHbIE W MapPTEHCUTHbIE KacCbl CTasen,
KoTopble nofsepraimcb 06paboTke TpeHWeM. Ha OCHOBaHUW BbIMOHEHHOIO
aHa/M3a npefgmMeTa MUcCnefoBaHMA MocTaB/ieHa Uefnb paboTbl M CHOPMY/MPOBaHbI
KOHKpPETHbIe 3aayn anccepTaunmoHHOM paboThl.

Bo BTOpoil rnaBe onucaHbl OOBEKTbI WCCNELOBaHUA, PEXUMbI  UX
TEepMOMEXaHNYECKO 06pabOoTKN, METO/bI UCCNEeA0BaHNIA N METOAMKN UCTIbITAHUN.

O6bekTamy 1UCCnefoBaHnsA CAYXXUW MPYXXUHHbIE CTan ABYX CTPYKTYPHbIX
TmMnoB: ctaam 13X18H10M3C2M2 (3U1-98) un 12X17HBM2CMe  (3U1-126),
OTHOCALUMECA K KacCy ayCTEHWUTHbIX CTasield COOTBETCTBEHHO CO CTabWIbHON ©
HecTabunbHON Yy-ha3oil, a Takke cTafb 70C2XA, ABNAOWAACA TUMNYHBLIM
NpeAcTaBUTeNEM Knacca MapTEHCUTHbLIX CTanei. Kpome TOro, oTAeNbHble
9KCNEePUMEHTBI ObI/IN BbINO/IHEHbI HA BbICOKOYT1epOANCTON CcTann Y9A.

[na npoBefeHNs OMbITOB 06pasubl 00emx ayCTEeHWUTHbIX cTanend Oblin
BbINO/IHEHbI B BUAE N/OLWEHON NeHTbl ceveHnem 0,40%3,50 MM, MONy4YeHHOW K3
X0NoAHOAehOPMMPOBAHHOW  MPOBOJIOKM BOJIOYEHMEM C CyMMapHbIM 06XaTuem
40 n 70%. /[na 3Toro npoBOIOKa NpeABapuTeNbHO MoABeprasiacb 3akasike OT
1050-1070 °C c Uenbkd TMONYYEHUS MEPECHILEHHOro Y-TBepAoro pacteopa.
3aBepLuaroLleri onepauuenr TePMOMEXAHUYECKOrO YMPOUYHEHUSA CTasleil Cny»XXuso
AehopmanoHHoe ctapeHune npu 470-500 °C.
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MonyyeHne o6pa3uos u3  yrnepoguctoin crtanm  70C2XA  6b110
OCYLLECTB/IEHO MO APYroi TexHonoruu. NMpeasapuTenibHO MPOBO/IOYHASA 3aroTOBKa
AnameTtpom 2,15 MM 6blna noggeprHyTa NaTeHTMPOBaHUIO (ayCTeHUTM3auUms npu
920 °C + mM30TepMUYECKOe NnpeBpaLleHne Ha (DeppuTO-KapbMaHYytO CMecb npu
~600 °C c BblgepXXKoW 2 MUHYTbI). 3aTeM NPOBOJIOKA NOABepranach M/HOLLEHMIO B
NeHTy cedeHnem 0,40x4,50 wmm. T[locnegyrollas TepMuyeckas 06paboTKa
NEHTOYHbIX 06pasLoB cocTosa B 3akanke oT 860 °C (C oxnaxaeHWem B Macre) v
3aKnounTenisHom otnycke npu 400 °C B TeyeHune 1 yaca.

JleHTOYHble 06pasuybl M3 CTam Y9A Obln NOMyYeHbl U3 OTOXOKEHHOM
MpoKaTaHHOW MONOCbl, U3 KOTOPOW 3aTeM BbIpe3asn 3aroToBku. [locne u4ero
obpasubl noagepranncb cTyrneHyatoin 3akanke (ot 780 °C c¢ nocneayrouwen 1,5
MUHYTHOI Bblgepxkor npu 300 °C B pacnnaee CeNUTPbl N 3aKIHOYNTE/TbHBIM
OXNXKAEHNeM Ha BO3Ayxe). 3aBepluarollas obpaboTka BKIOYasia OTNYCK — Mpwu
300 °C, 2 yaca.

®pPUKUNOHHOE [ehopMMPOBaHNE NIEHTOYHbIX 06pasL0B  OCYLLECTB/AIOCH
nepen 3akMHOUUTENbHOW TEPMUYECKON 06paboTKoM, T.e. nepef CTapeHUEM
(oTnyckom). O6paboTKa TPEHMEM NPOBOAUIACHL MO CXEME «CKOMb3ALWMUIA UHAEHTOP
- HernoABWXHasa 3arotoBkax». Mpn 3TOM MCMosb3oBa/IMCL TBepAocniaBHble (BK-8)
WHAEHTOPbl  [ABYX TeOMEeTPUMYECKMX TWUMOB: LUJIMHAPUYECKON (opMbl  ANs
ayCTEHUTHbIX CTaNieil U ¢ Nonychepnyeckor paboyert YacTbto 415 MapTEHCUTHbIX.

MWKPOTBEPAOCTb NIEHTOYHbIX 00pasuoB M3Mepsnn Ha npuoope MNMT-3
npu Harpyske 0,5 H (50 r) no pe3ynsTatam 3amepa He meHee 8-10 oTneyaTKoB.

YCnoBHbIii Npefen ynpyrocTy TOHKOW IEHTbI ONpeaenssics MeToA0M YMCTOro
n3rmba. 3a YCNOBHbIA NpeAen YNpyroctu MNPUHUMaIM HanpsbkeHue, KOTOpoe
BO3HMKAET B JIEHTE MPU NPUIOXEHUN Harpys3ku (B pesysnibTare 3arpy>XeHus JfeHTbl
B KO/bLI0), AatOLLEe 0CTaTOuHY0 aedhopmauuto, pasHyto 0,03 %.

13mepeHue uncna 3HakonepeMeHHbIX rmboB 6bI/10 UCMOb30BaHO A5 OLEHKN
BA3KOCTW  JIEHTOYHbIX 06pa3uyoB. C  3TON  Uenbld  6bI10  MPUMEHEHO
NPUCNOCO6/EHNe, UMUTUPYIOLLEe CTaH4apTHble WUCMbITaHUA Ha  neperuoobl
(TOCT13813-68), aOunameTp BaMKOB cocTaBidan 5 MM. YMCNO MOBTOPHbIX
UCNbITaHWIN Ha Nepernd paBHAIOCL He MeHee 3-X.

Onpegenenne appekTa baylumHrepa OCYLWECTBAAAN MYTEM W3MEpPEHUS
YCNIOBHOI 0 NpeAena ynpyroct npu nNpsiMoM G o3nw) 1 0OPATHOM G g3(on) M3TMOHOM
Harpy>XeHUM NeHTbl W NPeACTaBNAIN  KaK OTHOCUTE/IbHYHO BENNYMHY Tak
Ha3blBaeMOW GayLLIMHIepoBCKOi fedhopmaummn B, %.

YCTaN0oCTHbIE WCMbITaHNA Obl  NPYBEAEHbI Ha  3KCMEePUMEHTaIbHOM
YCTaHOBKE A/1 LMKINYECKMX WCMbITAHWI KOHCO/IbHO 3aKpernsieHHbIX 06pasLoB
NEHTbI U3 NccnefyemMbixX cTanein. JecTBytoLLee HanpsXeHne coctasnsno 700 Mla
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npu  amnanTyge KonebaHwin, paBHoM 13 MM, M 4actoTe HarpyxeHusi 1300
LIMK/IOB/MWH, YMCNO MOBTOPHbIX M3MEPEHWIA COCTaBsAN0 6-8.

3mepeHue penakcauyoHHON CTOWKOCTMW OCYLECTBASN  HA JIEHTOUHbIX
obpasuax, Harpy>XeHme KOTOPbIX BbINONHAMM MYTeM 3aHEBO/IMBAHWA B KO/bLia
OrMpefenieHHoro AmameTpa, 4to 06ecneymBasio Hayas/ibHOe HanpskeHue, paBHOe
0,7-0,8 oT 3Ha4eHNA YCNOBHOIO Nnpegena ynpyroctu.

PeHTreHOCTPYKTYPHbIA MeTOZ NMPUMEHSANN AN NPOBeAeHUs (ha30BOro U
KO/IMYeCTBEHHOro aHanm3a. Cbemka OCYLecTBnsafacb Ha  AuUdpakTomMeTpe
OPOH-2,0 B KobasbToBOM  Kg-m3nydeHmnm um Shimadzu XRD7000 c¢
MCMOMb30BaHNEM MOHOXPOMATU3MPOBAHHOIO Kq-M3/1yyYeHns XPOMOBOro aHoa.

ONeKTPOHHO-MUKPOCKOMNUYEeCKoe  UCCNefoBaHue TOHKUX  (pOSIbT,
MONlyYeHHbIX W3  NJIOWEHOA NeHTbl, MPOBOAWIM  HA  MPOCBEYMBAIOLLMX
3NeKTPOHHbIX MUKpockonax OMB-100/1n FEI Tecnai G2.

B TpeTbeil rnaBe WUCCNefoBaHO BAUSHWE YMNPOYHSAIOWEN (PPUKLMOHHOW
00pabOTKM Ha CTPYKTYPY U CBOMCTBA NPYXWHHbLIX CTaseil MapTEHCUTHOMO Kacca
7T0C2XA n Y9A.

PeHTreHorpauyeckunin (pasoBblil aHa/IM3 Nokasasl, YTo B 060MX MaTepuasax
B 3aKa/leHHOM COCTOSHUW OXWAaeMO (PUKCUPYETCA MPUCYTCTBME OCTATOYHOrO
aycTeHuTa — He 6onee 5% B cTanm 70C2XA 1 okono 15% B Y9A. Mocneaytowinia
OTMYCK B 06emx CTa/IfgX NPUBOANUT K 3aKOHOMEPHOMY CHUKEHWIO L0/N Y-(ha3bl.

Pe3ynbTaTbl W3MepeHUs TMEepuoAOB  peLleTKM MapTeHcuTa a U C,
BbINO/IHEHHbIe N8 fiernposaHHon ctanm 70C2XA, Mo3BOMWAN YCTaHOBUTL, YTO
CTeneHb TeTparoHa/lbHOCTK cocTasnseT npumepHo 1,026 n 1,007 cOOTBETCTBEHHO
[NA 3aKa/IEHHOr0 COCTOAHMA U 3aKaku C TpeHWeM. PacyeT codepxkaHusa yrneposa
(Ha OCHOBe OUEHKW CTENeHW TeTparoHasJibHOCTM C/a) MoKasaja, 4TO ero
KOHLIEHTpauma B MapTeHCUTe nocsne 3akanku 6nmska K 0,60 %. B To Xe Bpems
(PpPVKUMOHHOE AedopMrpoBaHMeE NMPUBOAUT K 3aMETHOMY CHWXKEHWIO KOMMYeCTBa
yrnepoga B pewetke a-asbl — npumMepHo Ao 0,20 %. 3Tn JaHHble OTpaXkaroT
onpedefieHHy  TeHAeHUMI0 —  (PPUKUMOHHOE Harpy)xeHwe CTUMYyNuUpyeT
AedhopmMalMOoHHbIA  pacnaf TeTparoHasIbHOro MapTeHcuTta. CumMTaeTcs, 4TO B
MOAOGOHBLIX YCMOBUAX [AehopMaunn yriepog yxoauT M3 a-TBepAOro pactsopa u
OCaXK/JaeTCAa Ha PasMHOXEHHbIX AUC/IOoKauusx, obecrnieumsas MX 3PPeKTUBHYHO
G/10KMPOBKY.

OOGBLEKTOM  3/1eKTPOHHO-MUKPOCKOMUYECKOr0  UCCMIEA0BaHUA  CY>XWUN
NEeHTOYHbIe 06pa3upbl cTann 70C2XA.

TOHKas CTPYKTypa 3aKa/leHHOW CTa/v NpeacTaBnseT co00M XapaKTepHbIN
MOPMOSIOrMYeCKNiA TUN NakeTHOro mapTeHcuTta (pUcyHok 1a). Mpu aTom, Kpome



MHTEHCUBHbIX pednekcoB o-hasbl, (QUKCUPYHOTCS Cnadble OTPaXKeHUs  OT
0CTaTOYHOrO ayCTeHMTA.

PucyHok 1 — CtpykTypa ctanm 70C2XA nocne 3akasikn ot 860 °C:
a — CBET/I0MO0/IbHOE N300paXkeHne; 6 — MMKPOANDPaKLUMS; B — TEMHOMO/bHOE
n3obpaxxeHve B pedpriekce 110,

MocneayroWwmii OTNYCK MPUBOAUT K MOJSYYEHUIO CTPYKTYpPbl TPOOCTUTA
OTMyCKa — BbICOKOAUCMEPCHOW (heppuUTO-KapbuaHon cmecn (PUCYHOK 2a, 6).
MpucyTtcTBme KapbuaHou (hasbl BUAHO Ha CBET/OMNOJbHBLIX WN300PaXEHUAX W
NOATBEPXKAAETCA MUKPOAMMDPAKLMOHHOW KapTUHOM (PUCYHOK 2B).

PucyHok 2 — CTpyKTypa
ctann 7/0C2XA nocne
3akankm o1 860 °C u

nocnefytoLLero oTnycka

npu 400°C:

a, 6 — CBeT/IoNO/IbHbIE

N300paXKeHNS;

B — MUKpOAN(pakums;
I — TEMHOMOJIbHOE
n306pakeHne B pediekce
110,




Xapaktep MUKPOCTPYKTYPbl 3aKa/leHHOW CcTany nocsie  ()PUKLMOHHOIO
aedopmmpoBaHma U eé MOPGONOrMYECKUIA TWUN CYLLECTBEHHO OT/IMYalOTCA OT
CTPYKTYpPbl MakeTHOr0 MapTeHcuTa (PUCYHOK 3). I3TO BbIpaXKaeTca B Pe3ko
BbIP@KEHHOMW  BbICOKOW [MCMEPCHOCTN (PParMeHTOB HAHOKPUCTA/IINYECKOrO
Macwitaba (pasmepomM 0 50-100 HM), umetowmnx gopmy, 613Ky K paBHOOCHOW,
4TO BUAHO Ha TEMHOMO/IbHOM M300paXkeHnn (PUCYHOK 3B).

PucyHok 3 — CTpyKTypa 3akanieHHoi (0T 860 °C) ctann 70C2XA nocne
(hPUKLUMOHHON 06paboTKM: @ — CBET/IONO/IbHOE M300PaXKEHME;
6 — MUKpoaMdpaKums; B — TEMHOMO/IbHOE N306paxkeHme B pedniekce 110,

[Mpy nocnefytoLleM OTMNYCKe COXPAHAETCA HAHOKPUCTa/IIMYECKaa CTPYKTypa
TPeHUs MOBEPXHOCTHOro cnos (pucyHok 4a). Cnabble OTpPaXKeHMSA LeMeHTUTa
yaeTca 3apermcTpupoBaTb Ha MUKPOAUMDPaKLNOHHOW KapTuHe (PUCYHOK 406).

PucyHok 4 — CTpykTypa 3akasneHHow (o1 860 °C) ctanm 70C2XA nocne
(hpPUKLUMOHHOI 06paboTKM 1 nocneaytoLero otnycka (npu 400 °C):
a— CBEeT/I0Mo/IbHOe N306paxkeHne; 6 — MUKpoaMdpaKums; B — TEMHOMO/bHOE
n3obpaxeHuve B perekce 110,

11



B Tabnuue 1 npefcTaBneHbl JaHHble, XapaKTepu3ytoLlMe MNPOYHOCTHbLIE W
YCTa/I0CTHbIE CBOWCTBA 06PabOTaHHbIX TEHTOYHbIX 06PA3L0B.

Tabnuua 1 — MNPOYHOCTHbIE M YCTANIOCTHbIE CBOMCTBA MAPTEHCUTHBIX CTaNen

Yncno
Bug 06paboTkK HV, Op03 | WMKNOB A0
S | MMa | paspyLueHus,
N
Cranb 70C2XA
3akanka 860 °C 505 - -
3akanka 860 °C + otnyck 400 °C, 1y 395 2650 4460
3akanka 860 °C + TpeHue 580 - -
3akasika 860 °C + TpeHue + otnyck 400 °C, 14 | 485 2870 13390
Ctanb Y9A
3akanka 780 °C 560 - -
3akanka 780 °C + otnyck 300 °C, 2 4 480 - 5720
3akanka 780 °C + TpeHue 660 - -
3akanka 780 °C + TpeHue + otnyck 300 °C, 24| 595 - 12623

[MoBEPXHOCTHOE (PPUKLMOHHOE AedopMMpoBaHME MPUBOAUT K 3aMETHOMY
MOBbLILIEHNIO  MPOYHOCTHBLIX CBOWCTB, HO OCOOGEHHO CW/ILHO B/IMSET Ha
COMPOTUB/IEHNE 3HAKONEPEMEHHOMY Harpy>KeHUIO (Y1CN0 LMKIOB 4O paspyLUeHus
yBeNnumnBaeTca B 2,5-3 pasa).

PenakcalMoHHble ucnbiTaHnsa ctanm 70C2XA ocyllecTenanucb npu 250 u
300 °C pgnmtenbHocTbiO A0 10 yacoB (pUCYHOK 5).

100

1=
wn

1=
=1
b

85 -

80 -

OTH.penakcal, cToRKo T, %

FE

0

0 5 10

Brenna. 4

PUCYHOK 5 — PenlakcalyoHHas CTOMKOCTb 3akaneHHou (0T 860 °C) u
otnyweHHoi (npu 400 °C) ctanm 70C2XA npm 250 (1, 2) n 300 °C (3, 4),
noaseprHyTon TpeHuto (1, 3) n 6e3 TpeHns (2, 4)
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Bonee 3aMeTHO BAUAHWE [AOMOMHUTE/NILHOW 06PabOTKM MPOSABASETCA MNPW
6onbwelt Temnepatype penakcauun, T.e. 300 °C. lNpn 3TOM 06LUMIA YPOBEHb
TEen/IOCTOMKOCTN COXPaHAETCA LOCTATOYHO BbICOKUM.

MonoXxuTenbHoe BANSHWE (PPUKLUMOHHON 06paboTKM cneayeT UCTONIKOBATb
MofaB/fieHneM CABUIOBOr0 MexaHu3Ma penakcauum BCNeACTBME MOBbILLEHNS
CONPOTMB/EHNS  MUKPONIACTUYeCKONn fedopmauuny  (Bo3pacTaHWUs  YCIOBHOIO
npeaena yrnpyroctu).

B uyeTBepTOi rnaBe M3yyanocb (MPUKUMOHHOE AeOpMMpOBaHME CTaseit
ayCTEHUTHOro KJacca.

PeHTreHorpajuyeckoe m3ydeHve CTPYKTYPbl BbIMOHANOCL HA NIEHTOUHbIX
obpasuax o06emx ayCTeHUTHbIX cTanei 3M-98 n 31-126. Ona crtabunbHOM CTanu
31-98 thmkcmpoBsanach TOMbKO Y-(hasa Npu BCeX BbINOHAEMbIX 06paboTKax.

B HecTabunbHoi ctann 31-126 (Tabnunua 2) oba pexxumma gegopmaumm (40
n 70%) conpoBoxgaroTcAa obpa3oBaHWeEM B npouecce 06paboTKM  MapTeHcuTa.
Mocnefytollee CTapeHVe NPakTUYeCKn cabo  OTPaKaeTcd  Ha  KOJIMYecTBe
0-(hasbl, XOTA MOXHO OTMETUTb HEKOTOPYK TEeHAEHUMIO K CHWKEHUIO ee
cogepxaHus  (BCneacTBMe  MPOTEKaHMs  HayanibHOM  cTagmMm  06paTHOro
MapTEeHCUTHOr O NpeBpaLleHus).

Tabnuua 2 — Pa3oBblin aHann3 ctanm 311-126

Bug 06paboTKM Konnuyectso | Konnyectso
y-ghasbl, % | o-asbl, %

3akanka 1070 °C 100 0
3akanka 1070 °C + ged. 40 % 80 20
3akanka 1070 °C + ged. 40 % + cTtapeHue 470 °C, 85 15
1y
3akanka 1070 °C + ped. 40% + TpeHue 70 30
3akanka 1070 °C + pedp. 40% + TpeHue + cTapeHune 20 30
470°C, 1y
3akanka 1070 °C + gedp. 70 % 75 25
3akanka 1070 °C + ged. 70 % + ctapeHue 470 °C, 75 o5
1y
3akanka 1070 °C + ped.70% + TpeHue 45 55
3akanka 1070 °C + ged. 70% + TpeHue + cTapeHue 50 50
470°C, 1y

®dpuKunoHHoe peopmuposaHne ctanm 3M1-126 o0Xungaemo MNPUBOAUT K
[IONONHNTENIbHOMY  PasBUTUIO  MAPTEHCUTHOIO MpeBpalleHns, B pesynbTaTte
4yero Aonsa o-gasbl 3aMeTHO BO3pacTaerT.
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VccnepoBaHve MOMKOCHOM MIOTHOCTU OTPaXEHWId MOoKasasio, 4TO Mocne
feopmauun  opmupyetca  TekcTypa  npokatku  Tuna  {110}<112>.
icnonb3oBaHWe TPeHWA MNPUBOAUT K 3HAYMTENbHOMY OCNabfieHnto OCTPOThI
TEKCTypbl 06pa3uoB. Takon adekT crefyeT cBA3aTb C TeM, YTO B YC/IOBUSAX
MCNOMb30BAHHON CXeMbl (PPUKLMOHHOIO Harpy>eHusi,  NMOMUMO CABWUIOBOWA
feopManmn, MOXeT pa3BuMBaTbCA TakKXkKe W poTauuoHHas (NOBOPOTHaN)
Aedopmaums, 4to M NPUBOAMT K 3aKOHOMEPHOMY OC/1ab/IEHUIO TEKCTYPBbI.

WccnenoBaHme CTPYKTYpPbl METOAOM TOHKMX (DOSIbI 6bI10 BbIMOIHEHO Ha
npumepe ctanm 31-126 (aeopmaums 40%).

B cTpykType 3akaneHHOro ob6pasua (PUCYHOK 6) (PUKCUMpYeTCsa TUMUYHas
KapTUHa CW/bHO Ae)OpMMPOBAHHOTO MaTepuasia — BbICOKas MJIOTHOCTb
ANCNOKaUWA, Hannume (parMeHTUPOBaHHOW MaTPUUHON (asbl, TOHKWME NIMHUK
AeopMaLOHHbIX BOVHNKOB.

[

A

s F

. -
0,5 Mt
—

PucyHoK 6 — TOHKas CTPyKTypa
3aKkaneHHbIx oT 1070 °C u
AehopMMpoBaHHbIX 06pa3L0B CTa/u
31-126:

a — CBET/I0NO/bHOE N306paxeHue;
6 — MUKpOANMPaKLUNOHHAsA KapTUHa,;
B — TEMHOMO/IbHOE M306paXKeHNe B
pednekce (111),

0.5 MM

—

B cTpykType Takou cTtanuM nocne 06paboTKM TPEeHWEM MOXXHO 3aMeTUTb
bonee  CWMNbHO  (JparMEHTUPOBAHHYHD  MUKPOCTPYKTYPY  (PUCYHOK  7),
MPUOAMKAIOLLYOCA K HAHOKPUCTA/IIMYECKOMY MacLUuTaby.
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PucyHok 7 — CTpyKTypa 3aKa/ieHHOW

oT 1070 °C n pgethopMMpoBaHHOM CTann

311-126, noaseprHyTou
A0MONHUTENbHOW 06paboTKe TPEHMEM:
a — CBET/IONO0/IbHOE N306paXKeHMe;

6 — MUKpOANMDPaKLMOHHASA KapTUHE;
B — TeMHOe nosne B pedpnekce (011),

[laHHble 06 YpPOBHE MPOYHOCTHbBIX XapaKTePUCTUK U YCTaNOCTHbIX CBOWCTB

npvBeeHbI B Tabnuue 3.

Tabnuua 3 — MPOYHOCTHbIE U YCTAIOCTHbIE CBOMCTBA ayCTEHUTHbIX CTasell

o, | Yucno ymknos go
Buz 06paboTku HVos MMa | PaspyweHms, N
Cranb 311-98

3akanka 1050 °C + ped. 40% 160 930 1989
3akanka 1050 °C + ge. 40% + cTapeHue
500 °C, 1 u. 220 1100 3536
3akasika 1050 °C + ped. 40% + TpeHue 270 1030 8801

° 0
3akanka 1050 oC + fedp. 40% + TpeHuve + 300 1210 11011
cTapeHue 500 °C, 1 u.

Cranb 311-126

3akanka 1070 °C + ped. 40% 215 1020 2457

° 0
3akasika 1070 °C + ped. 40% + cTtapeHue 250 1950 4576
470°C, 1y
3akasnika 1070 °C + ped. 40% + TpeHue 305 1130 9740

° 0
3akanka 1070 oC + feqp. 40% + TpeHue + 370 1390 11638
cTapeHue 470 °C, 1y
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Bo Bcex cryyasx TepMOMexXaHMYecKoe YNpoYHeHNe, a Takke DPUKLNOHHOE
AedopmmpoBaHve al0T OYEBMAHYHO TEHAEHUMIO K MOBbLIWEHMIO MPOYHOCTHbIX
CBOWCTB W MOMIOXMNTENIbHO BINAKOT HA YCTa/IOCTHbIE CBOWCTBA.

Tak Kak Mpy>XvHHble CTa/In B NpoLecce sKcnayaTaumm MoryT rnofBeprarbes
3HAKOMEPEMEHHbIM Harpy3kam, TO HeMa/lOBaXHOe 3HayeHWe KMeeT OLeHKa
COMPOTMB/IEHNSI TOBTOPHOMY Harpy>eHuUt0 C 06paTHbIM 3HakKoMm (3ddekTa
BaylwinHrepa). Pe3ynbTarbl NMokasanu (PUCYHOK 8), UTO AN 06emX ayCTEHUTHbIX
CTanein B pe3y/nbTaTe [AONONHWUTENbHON Aedopmaumn  TPeHWEM BeNMYMHa
6ayLLUMHIrepoOBCKOW fedhopmauv UMeeT TeHEHLMIO K BO3pacTaHUIo.

B, % 52 B, %
50 “ s =
52
® 50
46 B 48
H 2 R 6 -
2 H
| |
38 40
1 2 1 2
a ]

PucyHok 8 — BnnsHve 06paboTKy TpeHEM Ha NposB/eHNe aghekTa baylumHrepa
ANs ayCTeHUTHbIX cTanen 31-126 (a) n 31-98 (6): 1 — 3akanka + getopmauma 40%
+ CTapeHue; 2 — 3akanka + geopmaumns 40% + TpeHue + cTapeHune

Ha pucyHke 9 npuBedeHbl CBeleHUA O pefiakCalMOHHON CTOMKOCTU
ctanm 31-126. BuaHo, 4To 00paboTKa TpeHWeM 61aronpusTHO OTpasuiachk Ha
Be/IMYNHE TEMNOCTOMKOCTM CTasIN.
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PucyHoK 9 — 3aBMCMMOCTb pefakcaumMoHHOM CToMKocTn ctanm 31-126 (€ = 40%)
OT BpeMeHu penakcauun (1, 2 — t,, = 400 °C; 3, 4 — tpe;, = 450 °C):
1 n 3 — 3akanka + getopmaumsa 40% + TpeHune + ctapeHue 470 °C, 1 u;
2 1 4 — 3aKkanka + gedopmauma 40% + crtapeHue 470 °C

16



Takum 06pa3om, 1CMo/b30BaHNe NOBEPXHOCTHOW (DPUKLIMOHHON 06paboTKK
ANA NPY>KUHHBIX CTasleil MapTEHCUTHOTNO W ayCTEHMTHOrO K/acCoB  MO3BOJIUIIO
obecneuntb  (hopMMpPOBaHWE  BLICOKO  (hparMEHTMPOBAHHON  CTPYKTYpbI
HaHOMEeTPUYEeCKOro mactutaba M noBbICUTb (DYHKLMOHa/IbHbIE CBOMCTBA YNPYrux
3/IEMEHTOB.

MNATaa rnaeBa noceslleHa pa3paboTke cnocoba (PUKLMOHHON 06paboTKu
[AJIMHHOMEPHBIX /IEHTOYHbIX 3ar0TOBOK.

cnonb3oBaHHas paHee MeTOAMKa 06pabOTKM  TpeHWeM MO  CXeme
«CKOMb3ALWMIA UHOEHTOP — HEeMoABMXXHAsA 3aroTOBKa» MMEET CBOM OCOBEHHOCTW:
a) BO3HMKAET HeobXxoauMOCTb B MOC/EA0BATENbLHOM  AeddOpMUPOBaHMM
3aKpernjeHHoro obpasua CHavasia C OfHOM MOBEPXHOCTW, a 3aTeM C ApYrou;
6) annHa ob6pabaTbiBaeMO MOBEPXHOCTU NEHTOYHOro obpasua NMMUTMPYETCS
paboymm X040M UHAEHTOpA.

Ha pucyHke 10 npuBegeHa cxema M YCTaHOBKa Harpy»eHus, No3sonstoLLas
obecrneymBaTb AehopMUPOBaHUE 3a CHET TPeHUS MyTeM MPOTATUBaHUSA TEHTOYHOM
3arOoTOBKM MeXAy [ABYMS MHAEHTOpamu (HOXamu), UMEKLWMMK B paboyeit YyacTtu
chepnyeckyto  KpuBM3Hy. Tem camblM  Oblla  peain3oBaHa  MOfesb
fehopmmpoBaHMA MO CXeMe  «CKOMb3fAllas 3aroToBKa  — HernoABMXKHbIN
NUHAEHTOP». [py 3TOM HUXKHUIA WMHAEHTOP SB/AETCA XKECTKO 3aKpernseHHbIM, a
BEPXHWI CrocobeH WCMbITbIBATL BepPTUKa/lbHOEe MepeMelleHne. Harpyska Ha
BEPXHUI UHAEHTOP NepefaeTcs yYepe3 NoABeLleHHbI rpy3. Moabupas BHELLHIOK
Harpysky G, MOXHO 06ecneunTb perynmpyemMoe BepTUKa/IbHOE Harpy>eHue Ha
NEHTOYHYO 3aroTOBKY.

PucyHok 10 — Cxema n
yCTaHOBKa AehopMmnpoBaHms
NEHTOYHOW 3aroTOBKW ABYMS

NHL4EHTOpamn
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MoAo6HbIA  COCO6  Harpy)XeHus  MO3BOMSIET  CO3[aTb  JIOKasIbHOE
AedopmmrpoBaHve B MOBEPXHOCTHOM cfioe. py 3TOM BefvYMHA AENCTBYHOLLEN
Harpysku 3afaeTcd C Y4YeTOM 3HaYeHW XapaKTepuUCTUK, ONpeaenstoLmx
COMPOTUB/IEHMEM MaTepuana MasibiM MniacTuyeckum geopmaumsam (YCrioBHOMO
npegena  ynpyroctm) ¢ TeM, 4TOOGbl  06ecneynTb  MPeVMYLLECTBEHHO
YMpYyronnacTuyeckyto AeopmaLmio B 30He KOHTaKTa.

AHanMTNYeCcKMe pacyeTbl NO3BOMAN NMOCTPOUTL HOMOrpammy (PUCcyHoK 11),
C MOMOLLbH KOTOPOI MOXHO OLEHUTb YC/I0BUS OCYLLECTB/IEHNA BUAA AehopMauui
B 3aBMCMMOCTU OT BO3AEWCTBYHOWMX (aKTOpPoB — CWnbl F, AeicTBytollen Ha
WHAEHTOP B 30HE KOHTaKTa, 1 pagunyca nHaeHtopa R. MNpyvHMManack BO BHUMaHWe
BO3MOXHOCTb peasim3auum ynpyroro, ynpyronjacTM4yeckoro M naacTMyeckoro
BapMaHTOB [AedopMaLUMOHHOI0 HarpyXeHus marepuvana B 30HE KOHTaKTa, HO
n3bexas MNpu 3Tom fedopmauumv B pexume MUKpopesaHus. [na onpepeneHus
rPaHNYHbIX 061aCTeil TaKOro Harpy)XXeHus 6b1aM MCNOb30BaHbI YCI0BHBIN Npesen
ynpyroct GOyn, W YCNOBHbLIA Npefen TeKy4ecTU Or. COOTBETCTBYHOLLME
HanpsXXeHWAM, Bbl3blBAOLMM OCTaTOUHYO Aedopmaumio 0,03 n 0,2% (T.e. Gp o3 U
00,2)-

240
F.H

PucyHoK 11 — 3aBUCUMOCTbL CU/bl F OT
paguyca nHaeHTopa R B pa3/IMyHbIX 30HaX
aedopmanmn:
¥Yn — 30Ha NpenMyLLEeCTBEHHO Ynpyrnx
aedopmaumi,
Yn + I'n — 30Ha ynpyroniacTnyecknx
Aedopmarmin n
0 - [N — 30Ha NaCTUYECKNX AedopmaLnii;
1 —0p2; 2 — 0p03 (LMPPaAMM YKa3aHbI
HOMepa OMbITOB B COOTBETCTBUU C
MaTpuLen NiaHMpoBaHus)

200

160

120

40

1 2 3 -'IR.M-“S

icnonb3oBaHWe npeasioKeHHOW CXeMbl (DPUKLMOHHOTO Led)OpMMpPOBaHIS
3aKOHOMepPHO Tpe6oBasio MPOBEAEHWNS OMbITOB MO OTbICKAHWIO OMTUMa/IbHbIX
PEXMMOB 00pabOTKM NIEHTOYHbIX 06pas3LoB B 061acTU  YNpPYyronaacTUYecKnx
AeopmMaumii ¢ y4eTOM BAUSHMS pas/IMUHbIX BO3AENCTBYHOLMX (hakTopoB. s
aToro OblN  MCNONb30BAH METO MJIAHUPOBaHUA  aKcnepumeHTa.  OnbITbl
NPOBOAWM/NCL HA TMIOWEHOW JfIeHTe, W3roTOB/EHHON U3 ayCTEHUTHOM CTanu
31-126 (getopmanms 40%).
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B KayecTBe napameTtpa onTMMmsaumn ((PYHKLMM OTKINKA) Y UCMOJIb30BasICS
TakoW MokasaTeflb Kak MUKpoTBepAocTb HVys. BosgeicTeyrowmmy haktopamu
ABNAMNCL COOTBETCTBEHHO CW/a B 30HE KOHTaKTa F (X;) — ¢ yyeTom Beca rpysa G —;
4MCNO NMPOXOL0B Yepe3 UHAEHTOPbI N (X)) W paguyc 3akpyrneHns uHaeHTopa R
(Xs). TeM caMbIM 6bl71 IPUMEHEH MOMHbINA TPeXhaKTOpHbIN 3KCMepUMeHT Tna 2°,

YPOBHU 1 UHTepBasIbl BapbUpPOBaHWA (PDAKTOPOB MNPeACTas/eHbl B Tabnmue 4.
3HayeHns (haKTOPOB Ha3HaYa/IMCb TakMM 06pa3oMm, YTOObI OLEHUTb BO3MOXXHOCTM
Harpy>eHuna B pa3IM4YHbIX 30HaX AedopmMaLn, HO NPy 3TOM He BXOAUTb B 30HY
6o/bLINX MNacTUYeCKMX AeopmMaLmin. Ha none Homorpammbl B 3aBUCMMOCTU OT
3HayeHMn F 1 R umdpamm ykasaHbl HOMepa OnbITOB (pUCyHOK 11). B mMaTpuue
nnaHMpoBaHus (Tabnuua 5) Takxe NpuBeeHbl UTOTOBbIE Pe3y/bTaTbl U3MEPeHHOM
MUKPOTBEPLOCTY BO BCEX OMbITax.

Tabnumua 4 — 3Ha4yeHMs BapbUpyembixX PakTopoB

YpoBHU F, H (x1) n (X,) R, MM (X3)
OcHosHol1 (0) 100 100 2
HwxHui (-1) 55 50 1
BepxHuii (+1) 145 150 3

Tabnumuya 5 — Matpuua nnaH1poBaHNs
ronep F () N0z) | R(%) | HVos
1 55 (-1) 50 (-1) 1 (-1) 435
2 145 (+1) 50 (-1) 1(-1) 500
3 55 (-1) 150 (+1) 1(-1) 440
4 145 (+1) 150 (+1) 1(-1) 525
5 55 (-1) 50 (-1) 3 (+1) 380
6 145 (+1) 50 (-1) 3 (+1) 400
7 55 (-1) 150 (+1) | 3 (+1) 390
8 145 (+1) 150 (+1) | 3 (+1) 405
9 100 (0) 100 (0) 2 (0) 430

Mpn peanusaymn (HaKTOPHOrO MIaHMPOBaHUA, MOMUMO pPerucTpaumm
MUKPOTBEPAOCTU, OblIM  ONpefeneHbl MokasaTenM BASKOCTUM JIeHTbl  NyTem
M3MEPEHUS UMCNa 3HAKOMepemeHHbIX ruMboB. [ 3TOro  MCMNosib30BaCh
NEHTOYHble 06pasubl ayCTeHUTHON cTannm 3M-126 B uCXogHOM (M/HOLLEHOM)
COCTOSIHUM, a TakXXe Mocne MnpoBefeHUs 3KCreprMeHTa Ha OCHOBHOM YPOBHE
(tabnuua 4). Bbliv nony4veHbl crepyrowme pesynbtatel:  38-40 rnbos Ans
«Cblpo» (nntoweHoin) neHtbl U 30-32 — ana obpaboTaHHOW TpeHWeM. Takue
rokasaresiv 711 BbICOKOMPOYHOWN NEHTbI CUMTAKOTCS MOBbILLEHHBIMN.
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[Mocne pacyeToB KO3IMMULMEHTOB pPeErpeccum M NPOBEPKWU afeKBaTHOCTM
NNHENHas PYHKLUMSA OTKINKA UMEET BUL:

HVos =430 + 22,4 X; + 5,4 X, — 42,6X3 — 13,7X1Xs.

OueHKa xapakKTepa U CTeMeHW BO3AENCTBMSA paccMaTpuBaemblX (DakTOpOB
MOKas3bIBaeT, YTO Hanbonee CUNbHO BIMAIOLWMM NapameTpoM (C 06paTHbIM 3HAKOM)
ABNAETCA pagnyc MHAeHTOpoB X3 (R), a Hambonee cnabbiM — YUCIO MPOXOA0B.
BbifiBNeHHOe paHXMpoBaHMe (HaKTOPOB [aeT BO3MOXHOCTb CKOPPEKTMPOBATb
PacCMOTPEHHblE MapamMeTpbl W MOCTPOUTL 6OMee  pauMOHaIbHYHO — CXemy
TeXHO/0rMYeCcKOoro npotecca.

OCHOBHBbIE PE3YJIBTATbI 1 BbIBOAbI

1. BnepBble MeTOA MOBEPXHOCTHOIO M/aCTUYECKOro AethopMUPOBaHUSA
TPEHWEM CKOJbXXEHUSA UCMO0/b30BaH ANS MOBbIWEHNA (DYHKLMOHA/bHBIX CBOWCTB
YMPYrux 37eMEHTOB, MOJyYEeHHbIX M3 MOWEHON NeHTbl. OObEKTOM M3yYeHUS
ABNANNCH CTUIM Pa3HbIX CTPYKTYPHbIX KN1ACCOB — MapTEHCUTHOMO M ayCTEHUTHOTO.

2. PeHTreHorpagmyeckn  aHa/siM3  Mokasas, uYTO  MOBEPXHOCTHas
(hpuKUMOHHaA 06paboTKa 3aKa/leHHOW MKLWEHON neHTbl cTtamm  70C2XA
MPUBOAUT K CHVDKEHUIO CTEMeHU TeTparoHa/lbHOCTM MapTeHcuTa. TemM cambIM
TpeHWe Cnoco6CTBYeT [AMHAMUYECKOMY pacnagy MepecbIeHHOro 0-TBEPLOro
pacTBopa (MapTeHcuTa). B HecTabunbHOW  aycTeHUTHOW cTanu  3U-126,
NMOABEPTrHYTON XONOAHOMY AehOPMMPOBAHUIO  (BOJIOYEHWUIO +  MJIHOLLEHNIO)
nocnegytollas noBepxXHOCTHasa (pPUKUMOHHAA 006paboTKa aKTUBU3MPYET MpoLecc
obpas3oBaHMs MapTeHcuTa fehopMauun BCNeACTBUE pPasBUTUS MOSMMOPGHOIO
Yo npeBpaLLEeHNs. MokasaHo, 4To (hpPUKLMOHHasA obpaboTka
X0NOAHOAEe(OPMMPOBAHHOW  ayCTEHUTHOW CTain  MPUBOAUT K OC/labneHuto
TeKCTYpbl NPOKaTKW.

3. DNEKTPOHHO-MUKPOCKONMUYECKOe MUCCNe0BaHNe TOHKMUX (POJbI MO3BOSSET
3aKNYNTb, YTO fedopmauuns TPeHWeM CcTasieil 060MX CTPYKTYPHbIX K/1accoB —
MapTEHCUTHOrO W ayCTEHUTHONO —  CMOCOGCTBYET  (hOPMUPOBAHWUIO B
MOBEPXHOCTHOM C/I0e MJ/IKOLEHON JNIeHTbl rnyouHoit o 10 MKM  CUIbHO
(hparMeHTMPOBaHHOW MWKPOCTPYKTYPbI, MO pa3Mepam MNpuobnamkaroLenca K
HaHOMeTpUYecKoMy macluTaby. Takoe CTPYKTYPHOE COCTOSIHME COXPaHseTca mnpu
3aK/TOUNTENBHON TePMUYECKOM 00paboTKe — CTaHAAPTHBLIX PeXumax OTnycKa
(CTapeHWs)) [aHHbIX CTane —, UCK/IOYaloWen MNPoXoXKAeHne npouecca
peKpUCTaNIM3aLnu.

4.  ®pukymoHHas  06paboTka  cnocobeTByeT  AeopmaumoHHOMY
YNPOYHEHNIO N BO3PACTaHWIO COMPOTUMB/IEHUA YCTASIOCTHOMY Harpy)XXeHuto, npu
3TOM noKasatenn MuKpoTBepgoctMu HVys noBbiwakTcd Ha 15-25% pnda
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MapTeHCUTHbIX CcTanein n 40-50% — [gnsa ayCTEeHWTHbIX, YCNOBHbIA Npeaen
YMNPYrocTn O3 Bo3pacTaeT Ha 10% , HO 60siee 3aMETHO — BbIHOC/IMBOCTb (MOYTY B
2-3 pasa). O4HOBPEMEHHO 3TO  CMOCOOCTBYET CHMXXEHUIO COMPOTUB/IEHNS CTan
MOBTOPHOMY Harpy><eHUo ¢ 06paTHbIM 3HAKOM (3(h(peKT bayLumHrepa). Mpu atom
XapaKTeEPUCTUKN BA3KOCTU (YMUC/IO 3HAKOMepeMeHHbIX r1MboB) COXPaHAKTCH Ha
[0CTaTO4YHO BbICOKOM ypoBHe (30-32).

5. JlononHuTeNbHas obpaboTka TpeHmem 6naronpuAaTHO BIUSET Ha YPOBEHb
penakcauMoHHOW CTOMKOCTU. Bofiee CWnbHOe MepecbileHe no  gedekram,
aKTUBHOE (PparMeHTUpPOBaHWE MUKPOCTPYKTYPbl B COYETAHUN C 3aKpensieHuem
AMCMIOKaUMA  Kak npy AMHaMU4YecKoMm OTrMycke (CTapeHuum), Tak M B MpoLecce
3aK/TOUNTENBHOrO 3Tana TepPMOMEXaHNUYeCKOro YNpPOYHeHWUs paccMaTpuBaroTCA B
Ka4yeCTB OCHOBHbIX MPUYMH, BbI3bIBAIOLLMX TOPMOXEHWEe CABWUIOBOrO U
CTPYKTYPHOI0 MeXaH1U3MOB penakcauum Harnps>keH.

6. [pennoxeH cnoco6 MOBEPXHOCTHOM  (PPUKLUMOHHON 06paboTKM
JAJ/IMHHOMEPHBIX JIEHTOYHbIX 00pasLoB, OCHOBaHHbIA Ha [Ae(hOpMUPOBaHUN B
YrpyronnacTuyeckom 06saCcT  NyTem  MPOTArMBaHUS  3aroTOBKM  4epes
3aKpenyieHHble  WMHAEHTOpPbI-Ba/IKM.  MeTOAOM  MaHMPOBaHUA  BbIMOJIHEH
Tpex(haKTOPHbIA 3KCMEPUMEHT MO NMOWCKY ONTMMA/IbHOTO peXxnMa (PPUKLMOHHOIO
yrnpoyHeHns. Hambonee CyweCcTBEHHOE B/MSHWE Ha AeOpMaLMOHHbIA Hak/en
OKas3blBalOT Be/MYMHA paguyca MHAEHTOPOB, a TakKXe [aB/ieHVe B 30He KOHTaKTa.
BmecTe C TemM 4MC/I0O NPOXOAOB OKasblBaeTCA HavMeHee BO34eCTBYHOLLUM
(haKTOpPOM, YTO MO3BO/MIAET CTPOUTL 6O/ee paLMOHaIbHYH CXEMY (PPUKLMOHHOMO
pepopmmpoBaHMA € Y4eTOM  KO/IMYECTBEHHOrO  OrpaHWYeHWs  3TOro
TEXHO/0rMYeCKOro napameTpa.

7. PaspaboTaHHasa TexHosorus NMAdO TOHKOW NeHTbl M3 ayCTEHUTHbLIX W
MapTEHCUTHbIX CTasleld npowsia  YycrewHy anpobauuio A1s U3roToB/eHNs
yrpyrux afeMeHTOB B U3LeNNAX CreLmasibHOro HasHayeHus.

ABTOp CUMTaeT NPUATHLIM LO/ITOM BblPasnTb MPU3HATENbHOCTL AOLL., K.T.H.
b.P. KapTaky 3a BHVMMaHWe 1 TBOPYECKOe y4acTue B aHHON paboTe.

OcCHOBHble pe3ysbTaTbl AuccepTaumm onybNMKoBaHbl B ClefytoLmx
paboTax.

Cratbn, ony6/MKOBaHHble B PeELIEH3VPYEMbIX HayUHbIX W34aHUAX,
onpegenieHHbIX BAK:

1. MwuHeeBa (PegopeHko), O.H. OcobeHHOCTM  (PPUKLMOHHOIO
YNPOYHEHNS ayCTEHWTHOW CTaiM C HecTabwunbHoOW Y-hason / B.P. bapas, B.P.
Kaptak, O.H. MuHeesa (PefopeHko) // MUTOM. — 2010. — Ne 10. — C. 20-22 (0,12
n.n./0,04 n.n.).
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2. MwuHeeBa (PepopeHko), O.H. OcobeHHOCTM  (HOpPMMPOBAHUA
HaHOKPUCTA/ININYECKUX CTPYKTYP W CBOWCTBA YMNPYIrMX 3/1EMEHTOB B YC/OBUAX
WHTEHCUBHOIO (ppukumoHHoro so3aenictems / O.H. MuHeeBa (PepopeHko), B.P.
Bapa3 // BecTHuk TamboBckoro yHuepcuteta. — 2010. — T.15. — Bbin.3. — C.
975-977 (0,12 n.n./0,06 n.n.).

3. ®epopeHko, O.H. BnuaHue pedopMaumm TpeHWEM Ha CTPYKTYpPY W
CBOWCTBA MeTacTabu/IbHOW ayCTEHUTHOW XPOMOHMKenesoi ctanm / B.P. bapas,
O.H. ®epopeHko // Oedopmaums v paspyLleHne matepuanos. — 2011, — Nel12. — C.
15-18 (0,19 n.n./0,09 n.n.)

4, del0peHKo, O.H. OnpegeneHve  ONTUMAa/ILHOTO  peXuMa
AeopMaLMOHHOrO  YMPOYHEHUA MeTa//IMYecKo JfleHTbl B YC/IOBUSIX TPEHUSA
ckonbxeHus / bB.P. Kaptak, B.P. bapa3, O.H. ®epnopeHko // [Ledopmauus wu
paspyLueHme maTtepuanos. — 2014, — Nel. — C.32-36 (0,25 n.n./0,08 n.n.).

5. ®epopeHko, O.H. BnuaHue pedopmMaumm TpeHWEM Ha CTPYKTYpY W
CBOMCTBA MPYXXMHHOW CTannM MapTeHCUTHoro knacca / B.P. bapas, O.H.
®epnopeHko, M.C. XaapleB, C.M. 3aasopkuH // MUTOM. — 2014. — Ne 4. — C. 40-
43 (0,18 n.n./0,06 n.n.).

My6nukaumn B gpyrnx nsfaHusx:

6. Fedorenko, O. N. Effect of Friction Deformation on the Structure and
Properties of a Metastable Austenitic Chromium-Nickel Steel / V. R. Baraz, O. N.
Fedorenko // Russian Metallurgy (Metally). — 2012. — Ne 10. — P. 901-904 (0,18
n.n./0,09 n.n.).

7. MuHeeBa (PegopeHko), O.H. NMoBepxHOCTHaA (pPUKLUMOHHAA 0bpaboTKa
MPY>XUHHOW CTa/IM ayCTEHMTHOrO Knacca: 0CO6eHHOCTM CTPYKTYpbl U CBOWCTB /
B.P. bapa3, b.P. Kaptak, O.H. MuHeeBa (PefopeHko) // HayuHble Tpyabl VI
MEXAYHapPOAHON Hay4HOl KOH(epeHLMn «MpoYHOCTb U paspyLleHe MaTepranoB
N KOHCTPYKUuiA», OpeHbypr, 20-22 okTta6ps, 2010. OpeHbypr: TOY BI1O
«OpeHbyprckuid FocyaapcTBeHHbI YHMBepcuTeT», 2010. — C. 294-299 (0,31
n.n./0,10 n.n.).

8. MuHeesa (PepopeHko), O.H. MNoBepxHOCTHas (pUKLMOHHaA 06paboTKa:
0COBEHHOCTU (hOpPMMPOBaHMSA CTPYKTYpbl U n3MeHeHusi ceorcTe/ O.H. MuHeeBa
(PenopeHko), B.P. bBapas // HayuHble Tpyabl XVIII  MexayHapogHou
KOH(EPEHLMN MOMOABIX YYEHbIX MO MPUOPUTETHLIM HarpaB/lEHUAM Pa3BUTUSA
HayKu U TEXHUKWU: B 2 YacTax. EkatepuHbypr: YT TY-YTMW, 2010. Y.2. C. 155-
160 (0,31 n.n./ 0,16 n.n.).

9. ®depopeHko, O.H. CTpyKTypHble U (YHKUNOHaAbHLIE OCOBEHHOCTM
MeTacTabu/ibHOM  ayCTEHUTHOW  CTanu,  MOABEPrHYTOM  (PPUKLMOHHOMY
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ynpoyHeHunto / B.P. bapa3, O.H. ®epopeHko, N.A. AxmarxaHoB // COGOpHUK
Tpyaos XI MexayHapoAHOW Hay4YHO-TEXHMYECKOW YpanbCKON LLKO/bI-CEMUHApa
MOMOAbIX  Y4eHbIX-MeTannosefos, EkatepuHbypr, 8-11 Hos6ps, 2010.
EkatepuHbypr: Yp®Y, 2010. - C. 137-139 (0,12 n.n./0,1 n.n.).

10. MuHeeBa (PefopeHko), O.H. BnusHme noBepXHOCTHON (PPUKLMOHHOIA
06paboTKM Ha CONPOTUB/EHWNE ayCTEHUTHbIX CTa/leil NOBTOPHOMY Harpy)>XeHuto /
B.P. bapa3, O.H. MuHeeBa (PenopeHko), P.P. 'mmpaHoB // COOPHMK HayYHbIX
TpyaoB «®du3nyeckre CBOMCTBA META/INIOB W CNaBoB», EkaTepuHbypr: YpdYy,
2010. - C. 322-327 (0,31 n.n./0,15 n.n.).

11. depopeHko, O.H. BnusgHue ¢PUKLUUMOHHOTO AedOpMUPOBaHUSA Ha
HaHOCTPYKTYPHOE COCTOSIHME W CBOMCTBA MeTacTabuibHOW ayCTEHUTHOW ctanm /
B.P. bapa3, O.H. ®egopeHko // CoopHUK ctateir «Co3paHne U nepcreKkTuBbI
MCNONb30BAHNA  HAHOKPUCTA//IMYECKUX MaTepuasioB W HaHOTEXHONOrMA B
TexHuKe», EkatepuHbypr: NOM ¥YpO PAH, 2011. - C. 34-41 (0,31 n.n./ 0,16
n.n.).

12. ®epopeHko, O.H. BnusgHue ¢PUKLUMOHHOTO AedOopMUPOBaHUSA Ha
(hopMUpOBaHNE HAHOKPUCTA//IMYECKMUX CTPYKTYP U CBOWCTB YNPYrux 3/1eMeHTOB
N3 aycteHuTHoi ctanm / B.P. bapas, b.P. Kaptak, O.H. ®egopeHko // CO60pHUK
mMatepuanoB V MexayHapoAHON LWKoMbl «®Pu3nyeckoe matepuanoBefeHune», VI
BcepoccUInCKOM  MOMOAEXHON  Hay4yHOW  KOHgepeHumn  «MUKpOMeXaHU3MbI
MNNaCTUYHOCTN, Pa3pyLUEHMs 1 COMYTCTBYIOLLUMX ABEHWUI», TONbATTU, 26 CEHTAOPA
— 1 okTa6p4, 2011. TonbatTu: TI'Y, 2011. - C. 163-164 (0,06 n.n./ 0,03 n.n.).

13. ®depopeHko, O.H. BnansHre PPUKLMOHHOM 06paboTKM Ha CTPYKTYpY Wt
CBOWCTBA MapTEHCMTHOI CTanM NPY>XMHHOTO Knacca / B.P. bapas, O.H. ®efopeHko
/[ CéopHuk Tpyaos XII MexayHapoAHOW Hay4YHO-TEXHUYECKOW YpasibCKOW
LLIKO/bI-CEMMHapa MONOAbIX YYeHbIX-MeTan0Be0B, EkatepuHbypr, 14-18 HoA6p4,
2011. EkatepuHbypr: Yp®dYy, 2011. - C. 331-333 (0,12 n.n./ 0,09 n.n.).

14. ®egopeHko, O.H. ®puKumoHHOE AedopmmUpoBaHME MPY>KUHHOW CTanu
MapTEHCMTHOr0 Knacca: 0COG6eHHOCTU CTPYKTYpbl U cBoicTea / B.P. bapas, O.H.
depopeHko //  COOPHUK  HayyHbIX TpyaoB VI MexayHapoaHOW Hay4Ho-
MPaKTUYECKON KOH(hepeHUnn «HayuyHO-TEXHUYECKUA MPOrpecc B MeTaIyprum,
Anmartel: K'Y, 2011. — C. 49-53 (0,25 n.n./ 0,16 n.n.).

15. ®depopeHko, O.H. OnTummnsaumsa pexxuMoB (PUKLUOHHOIO YNPOYHEHUS
ayCTEeHWTHOW CTa/u MeTOAOM MiaHMpoBaHUA 3kcriepumeHTa / B.P. bapas, b.P.
Kaptak, O.H. ®egopeHko /I C6opHUK MaTepuanos | MexayHapoaHON
WHTEPaKTMBHOW  Hay4HO-NPaKTUYeCKOW  KOH(epeHumMn  «/HHOBaumMm B
MaTepuanoBefeHNn 1 MeTainyprum»: B 2 4vacTax. EkatepuHoypr: YpdyY um.

23



Mepsoro lMpe3sngeHTta Poccumn b.H. EnbumHa, 2012. 4. 1. — C. 206-209 (0,18
n.n./0,06 n.n.).

16. depopeHko, O.H. OnpegeneHve Buga geopmanmm U CUi TPEHUS Mpu
(hpPUKLMOHHOM ynpoyHeHUn neHTol / B.P. Bapas, b.P. Kaptak, O.H. ®egnopeHko //
C60pHUK maTepuanos | MexayHapoAHOW MHTEPaKTUBHOWN Hay4YHO-MPaKTUYECKOWA
KOH(epeHuun «/IHHOBauun B maTepuasioBefeHUn U MeTaNNyprum»: B 2 4acTax.
EkatepuHoypr: Yp®Y um. Mepsoro Mpe3ngeHta Poccun b.H. EnbymnHa, 2012, Y.
1-C. 332-335 (0,18 n.n./ 0,07 n.n.).

17. ®epopeHko, O.H. Vicnonb3oBaHne MeToAa NiaHMPOBaHNA 3KCMNepUMEHTa
419 Bblbopa ONTMMA/IbHOTO PeXnma NMOBEPXHOCTHOW (PPUKLMOHHON 06paboTKn /
B.P. bapa3, B.P. Kaptak, O.H. ®epopeHko // C6opHuk martepuano XXI
YpanbCKOM  LWKOMbl  MEeTa//I0BeOB-TEPMUCTOB  «AKTya/lbHble  MPO6/IEMbI
(hM3nMYecKoro MeTasNoBeieHMs CTasiein n cnnasoB», MarHuToropck, 6 -10 despans
2012 r. MarHutoropck: MI'TY wmm. I .Hocosa, 2012. — C. 206-207 (0,06 n.n./
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