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CosgaHue HOBbIX 3(MEKTUBHBIX  TEXHONOTUYECKUX

NPOLLECCOB  3MEKTPOHHO-MOHHO-NNAa3MeHHON  Moaundukaumum

NOBEPXHOCTU MaTtepmanos n n3genun un pacwupeHne CCbepr nx I'IpI/IMeHeHI/II7I onpenendeTca passutuem (t)VISVIKVI N TeXHUKN
reHepaunn ny4ykoB 3apAXXeHHbIX 4acTul U NOTOKOB MNJia3Mbl. B pa60Te npueeaeHbl npumMmepbl paapa60TK|/| N cos3gaHuna HoBOro
SﬂeKTpOCbI/ISVI"IeCKOFO oGopynosava (I/IOHHO-I'IJ'IaSMeHHI:IX N 3NEeKTPOHHO-NYYKOBbIX aBTOMAaTU3NPOBAHHbLIX yCTaHOBOK) C
napameTpamMmu, npeBocxogdalnMn N3BECTHbIE, YTO NO3BONAET peann3oBbiBaTb HOBble SQDQDGKTI:I npu BO34EeNCTBUN ny4yKoB ”

nnasmMmbl Ha NOBEPXHOCTU TBepPAbIX Ten.

BBepeHue

OnNEeKTPOHHO-UOHHO-MNNa3MeHHas obpaboTka
mMaTepuanoB W u3genuii, B TOM YUCME OYUCTKA W
aKTuBauus MOBEPXHOCTM, CO34aHMe MOBEPXHOCTHbIX
CNOEB C W3MEHEHHBIM XUMWYECKUM U ha30BbIM
COCTaBOM, yBENUYEHHON TBEPAOCTbIO n
KOPPO3WMOHHOW CTOWKOCTbIO, HarblfleHne pasnuyHbIX
YHKUMOHANbHBLIX MOKPbLITUA, MOMNy4Yuna  LWMpokoe
pacnpocTpaHeHve B Hayke U NPOMBbILLEHHOCTY.

K pacnpocTtpaHeHHbIM  MeTodamM  WOHHO-
nnasmeHHon mMoamcmKauum NOBEPXHOCTM
MaTepuarnoB W W3OENUA MOXHO OTHECTU: WOHHOE
TpaBneHMe W  akTMBauUMO,  WMOHHO-MIa3MeHHoe
a30TMpoBaHue, 3MeKTPOAyrosoe nnbo
MarHeTpoOHHOE HanbineHne (PyHKUMOHAmMbHbIX, B TOM
yncne " HaHOCTPYKTYPHBbIX, NOKPBITUNA.
KombuHupoBaHWe  BbILLEYNOMSHYTBIX ~ METOA0B
mMoamncurkaumm NOBEPXHOCTU nossonser
CYLLECTBEHHO YNyuyLUNTL NoTpebuTenbckne CBONCTBA
obpabaTbiBaEMbIX M3OENUA U ONTUMU3MPOBATL TE
UM WHble XapaKTEPUCTVKM  MOAMULMPOBAHHBIX
NOBEPXHOCTEN ans KOHKPETHbIX KOHEYHbIX
TpeboBaHWIA.

MeTtoabl n o6opyaoBaHue Ansi 3NE€KTPOHHO-
MOHHO-NMJIa3MEeHHOMN moaudukaummn
NOBEpPXHOCTU

C uenbo KOMOMHMPOBAHMS Pa3NUYHbIX METOAOB
MOHHO-MNNa3MeHHON 06paboTku B e[MHOM
TEXHOMOTNYECKOM LMKNe B MIHCTUTYTE CUMbHOTOYHOM
anektpoHukn CO PAH (UC3 CO PAH) 6binu
CO3[aHbl  Creumanu3MpoBaHHbIE  TEXHOMOrMyeckue
ycTaHoBkn  «AYOT», «TPUO», «KBAOPO» wn
«KBUHTA» (puc. 1). B paHHbIX ycTaHOBKax
BO3MOXHa peanusauus nocnegoBaTernbHO
HECKOMNbKMX  PasfnnyHblX  onepaumn  obpaboTku
mMaTepuanoB 1 U3genuii B eqMHOM TEXHOSOrMYECKOM
LuKre. K 3TUM onepauuam OTHOCSITCS:
npeaBapuTenbHbIA HarpeB 1 obesraxvBaHue, OHHas
O4YMCTKa, TPaBMEeHWEe W akTMBauusi MOBEPXHOCTU
MaTepuarnoBs WU U3OENUn OyroBoW Nia3mMon; XUMUKO-
TepMmuyeckas obpaboTka (as3oTMpoBaHue) Ans
dopMMpoBaHMs Ha NoBepxHOCTN obpabaTbiBaeMoro
n3genunss andysMoHHOro €rnosi ¢ UCMosb30BaHNEM
nnasmbl HECaMOCTOSITENbHOrO [OyroBoro paspsiga
HU3KOTO [aBMEHUs;; HaHECEHWe 3NEeKTPOAYroBbIM
nnasmMeHHO-acCUCTUPOBAHHBLIM METOAOM
OAHOCINOWVHbIX WX  MHOTOCIIOMHbIX CBEPXTBEPAbIX

(>40lTla) HaHOKpPUCTANMMYECKUX  MOKPbITUA  Ha
OCHOBE UYUCTbIX METanfoB MWNM UX COEAUHEHWUN
(HuTpupos, kapbupos,  kap6oHuTpugoB).  Ons
OCYLLECTBMNEHNS 3TUX oOrnepauuin BCe YCTaHOBKM
OCHalLLeHbl OpUrMHanbHbIMU reHepaTopamy rasoBon
M MeTannM4yeckom nna3mbl Ha OCHOBE [YroBbIX
paspsiaoB HU3KOTO AABIEHNUS.

Kpome ToOro, B pJoknage paccmaTpvBatoTcs
npotieccol 3NEeKTPOHHO-NY4YKOBOW
HaHOCTPYKTypM3aunm NoBepXHOCTM martepuanos. B
MC3 CO PAH paspaboTtaHa aBTOMaTU3MpOBaHHas
yCTaHOBKa 3NEKTPOHHO-MYYKOBOMN 06paboTku
nosepxHoctn wusgenuin  «COJIO» (puc. 2), Ha
KOTOpPOW peanun3oBaHbl MPOLECCHbl  3NEKTPOHHO-
Ny4yKOBOW MOMMPOBKM MOBEPXHOCTU METamnnoB W
CNnaBoB, a Takke NPoLEecChl CBEPXObICTPON 3aKarnku
NMOBEPXHOCTM  W3OENUiA,  4YTO  MpUBOOUT K

HaHOCTPYKTYypM3aLnm NOBEPXHOCTHOTO CIOS.

Puc. 1.
«KBUHTA»

BaKyyMHaﬂ WOHHO-NNasmMeHHaa yCTaHOBKa

B npouecce 3neKTPOHHO-NMYy4YKOBOM 06pPaboTKM
UMMYINbCHBIA  3NEKTPOHHBIN  MYYOK C  SHepruen
(5+50) w/cm®, monapas Ha  oGpabaTbiBaemyio
NOBEPXHOCTb, MPOU3BOAUT CBEPXOLICTPbLIN Harpes
(108—109) K/c (B TeyeHue umnynbca ONUTENbHOCTbLIO
((50+200) Mkc) pmo  TemnepaTypbl  Nra.neHVs
martepuana MOATOXKN. 3atem npouncxoaunT
cBepx6bicTpoe (10°-10%K/c) oxnaxpeHne 3a cuet
oTBoda Tenna B Gonee rnybokve XonogHble Crow
noanoxkn. B pesynbtate cBepxObICTPON 3akanku B
NPUNOBEPXHOCTHOM Cro€ TOJLLMHON OT HECKOSIbKNX
eavHUL OO  HECKONbKUX  OEeCATKOB  MUKPOH
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hopmupyetcs yryyLleHHas CTPYKTYpa
o6pabaTtbiBaeMoro MaTepuana. Ounwaetcs
NMOBEPXHOCTb, OTKUraloTCs NErkonsiaBkue npumMecu, B
cTansix copmupyetcs  3akanodHas CyOMMKpo- U
HaHOKpUCTannMyeckass  CTPYKTypa,  rMoBbILLIAETCS
TBEPAOCTb MOBEPXHOCTU. Kpome TOro, B KMAOKOM
(hase B Bakyyme 3a CYET CWUM MOBEPXHOCTHOrO
HaTsPKEHUs] MPOUCXOAMT BbIrMaXuBaHWe perbeda
nosepxHocT (nonuposka). CTOMb CyLUECTBEHHbIE
N3MEHEHMS CTPYKTYpHO-has3oBoro COCTOSIHUS
NMOBEPXHOCTHBIX CMOEB MPUBOAAT K 3HAYUTENBHOMY
YIYYLWEHNIO  (PUMKO-XMMUYECKUX W NMPOYHOCTHBIX
CBOWCTB  MaTtepuana, HeJOCTKUMOMY  pM
TPaAMUMOHHbIX METOAAX MOBEPXHOCTHOW 06paboTku.

Puc. 2. OnekTpoHHo-nyykoBas ycTaHoBka «COJTIO»

Hanpuwmep,
3MEKTPOHHO-MYYKOBOro

rnocrie  MMMysbCHOro
o6ny4eHust

(~100 wmkc)
NMOBEPXHOCTY

TBepaoro cnnaBa BK-8 ¢ nnoTHOCTbIO 3SHeprum

~70 ,El)K/CM2 BbISIBNEHO ¢opmupoBaHue
MHOFOCITOMHOWM CTPYKTYPbl TOMNWMHON [0 HECKOSbKUX
MUKPOMETPOB,  NPeACTaBIIEHHOW  KpUCTannMTamu

cybmukpo- (200-250 HM) u HaHopasmepHoro (50-
100 HM) amanasoHa. Takoe usmenbyYeHne CTPYKTYpbl
c dopmMmrpoBaHmeM ONCMEPCHbIX yacTuy,
BblcOKOTBEpAoro  kapbuga  W,C  Beger Kk
cylectBeHHOMY (8o 1,5 pa3) yBenmueHuo TBepAoCTM
NOBEPXHOCTHOTO Cosi Matepuana u, Kak cnegcreve,
K YBENUYEHWIO €r0 N3HOCOCTOMKOCTW.

B poknage Takke npuBedeHbl  MpuMeps
KOMBUHMPOBAHHBLIX MPOLIECCOB HAHOCTPYKTYpM3aLmm
MOBEPXHOCTHbIX  CMOEB, B  4YMCMe  KOTOPbIX
MepcrekTMBHoe HanpasneHue, 3MEKTPOHHO-

NYYKOBbIA MUKCUHI CUCTEMBI I'IOKprTMe/I'IO,D,.I'IO)KKa.

3akntoyeHue

MpeacTaBrneHHoe obopyaoBaHue U peanusyemble
C €ero MoMOLLblO TPOLECCHl SBMSKOTCS  OCHOBOWM
CO3[aHUsT  HOBbIX 3NEKTPOHHO-MOHHO-MAa3MEHHbIX
TEXHONOMMIA  HAHOCTPYKTYpM3aUMU  MOBEPXHOCTU
maTtepuanoB v usgenuit. C ero ucnonb3oBaHUeM
MOXET pelatbcs (yHAameHTanbHas npobnema
KOHCTPYMpOBaHus (Au3aiHa) NOBEPXHOCTHOrO Crosi
TBEPAbIX TEN NyTeM CO3AaHUA CBEPXTBEPAbIX CrOEB
1 NOKpbITUIA. Onst 3Toro HeobxoamMmo paspaboTaTb U
onTUMU3NPOBaTbL  NpUHUMNBI  BblGopa  cocTaBa
MOKPbLITUIA U CIOEB, BbISCHUTL (DyHOAAMEHTaNbHbIE
3aKOHOMEPHOCTU 3aPOXKAEHUS M POCTa HaHO3EpeH,
pasBuUTUS  TEKCTYpbl crnoes, (HOPMMPOBAHUS
aedeKTHom Ccy6CTPYKTYpbI obbema
HaHOKPUCTanNUTOB, 3epHOrpaHNYHbIX a3 (B TOM
yucne amopdHbIX), yrNpyro-HanpskeHHoro
COCTOSIHUSI MOKPbLITWIA B 3aBUCMMOCTU OT METOLOB U
YCMOBWI UX CUHTE3A.

PaHee 3T BO3MOXHOCTW He peanu3oBbIBaniuch B

BMay OTCYTCTBUSA COOTBETCTBYHOLLETO
o6opyaoBaHusi.
Paboma  ebinonHsnace  npu  ¢buHaHcosoul

noddepxxke npoekmos PO®U Ne12-08-90002_ bern-a
u Ne13-08-98108-p_cubups-a.
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Electron-ion-plasma treatment of materials and products, including surface clearing and activation, formation surface layers with
changed chemical and phase structure, increased hardness and corrosion resistance; deposition of various functional coatings, has received a

wide distribution in a science and industry.

Widespread methods of ion-plasma modification of material and product surfaces are ion etching and activation, ion-plasma nitriding,
arc or magnetron deposition of functional coatings, including nanostructured. The combination of above methods of surface modification
allows essentially to improve exploitation properties of treated products and to optimize the characteristics of modified surfaces for concrete

final requirements.

For the purpose of a combination of various methods of ion-plasma treatment in a single work cycle at Institute of High Current
Electronics of SB RAS (IHCE SB RAS) specialized technological equipment "DUET", "TRIO" and “QUADRO” and “KVINTA” have been
developed. These equipments allow generating uniform low-temperature gas plasma at pressures of (0.1-1) Pa with concentration of (10°-
10"™em™ in volume of (0.1-1)m’. In the installations consistent realization of several various operations of materials and products treatment
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in a single work cycle is possible. The operations are preliminary heating and degassing, ion clearing, etching and activation of materials and
products surface by plasma of arc discharges; chemicothermal treatment (nitriding) for formation of diffusion layer on a surface of treated
sample using plasma of nonself-sustained low-pressure arc discharge; deposition of single- or multilayered superhard (>40GPa)
nanocrystalline coatings on the basis of pure metals or their compounds (nitrides, carbides, carbonitrides) by the arc plasma-assisted method.
For realization of the modes all installations are equipped by original sources of gas and metal plasma.

Besides, in the report the processes of electron-beam nanostructurization of material surfaces are considered. In IHCE SB RAS the
equipment "SOLO" of electron-beam treatment of product surface has been developed.

By “SOLO” the processes of electron-beam polishing of metals and alloys surface are realized. Furthermore the processes of superfast
surface hardening of materials are developed by “SOLO”. That leads to nanostructurization of surface layer.

In process of electron-beam treatment the pulse electron beam with energy of (5+50) J/em?, getting on a treated surface, makes superfast
heating (10%-10° K/s) (during pulse duration of ((50+200) ps) to temperature of melting point of substrate material. Then superfast (10°-10°
K/s) cooling occurs at the expense of heat removal in deeper cold layers of a substrate. As a result of superfast hardening in near-surface
layer with thickness of several units to several tens micron the improved structure of treated material is formed. The surface is cleared,
fusible impurity is evaporated; in steels hardening submicro- and nanocrystalline structure is formed; surface hardness increases. Besides, in
vacuum in a liquid phase smoothing of surfaces relief (polishing) occurs by surface tension force. The essential changes of a structural-phase
state of surface layer lead to significant improvement of physical, chemical, and strength properties of the material. That is impossible by
traditional methods of surface treatment.

In the report the examples of combined processes of surface layers nanostructurization, including perspective electron-beam mixing of
coating/substrate systems are demonstrated.

The presented equipment and realized processes are a basis of development of new electron-ion-plasma technologies of
nanostructurization of material and product surfaces. These methods allow considerably improving physical and chemical, exploitation
properties of details and instruments surface. That leads to increase of its service life
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