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lMpedcmaeneHi pe3ynibmamu meKkcmypygaHHs Memariegoi ro8epxHi f1asepHUM i enekmpoepositiHuUM
memodom. BusHadeHa riepcriekmuesa ix 8UKOpUCMaHHS 8 mopuesux yWirnbHeHHsIX 6e3KOHMaKmH{o20 murty.

MocTaHoBKa npobnembl B o6wem Buge.

Knaccuyeckasa Teopust yNnoTHEHUS B OTHOLLE-
HUM K TOPLOBbLIM YNIIOTHEHUSIM OCHOBaHa Ha pelue-
HAM MOAENnn TeYeHWs XWOKOCTU 4Yepe3 MNIIOCKyHo
Wwenb ¢ HebonbLoW BblCcOTOW. B HacTosLwee Bpems
3TU MoAenn He ABNATCH UCTOYHUKOM COBPEMEH-
HbIX MHEHW, KacarLwmxcst 00 bACHEHNS NPOLLECCOB,
npoTeKawLmxX B LWEenu, a Ux npakTu4eckoe 3Hade-
HWe orpaHuyMBaeT 3HaduTenbHas 3aBUCMMOCTb OT
ee BblcoTbl. OnpegeneHne BbICOThI LWENU CBOANUTL-
Csl K UCMOSb30BaHNIO 3MMUPUYECKMX hopMyr, npu-
MEeHsIeMbIX AN onpefaeneHHbIX MaTtepuanos, a Tak-
e TEeXHOMNorn noBepXHOCTHOW obpaboTkn. B oT-
OenbHbIX Cny4vasax LenecoobpasHo NpuUHUMaTh Bbl-
COTY LIenn Kak NepeMeHHyo BenuyuHy. Takon nog-
X044 Mo3BOMseT paccMaTpuMBaTb Moernb YnrnoTHe-
HUS C MOCTOSIHHOW NOO NEepPeMEHHON BbICOTON Lue-
nn, a Takke C SKCLEHTPUCUTETOM, OTHOCUTEMBbHO
paboTaloLLMX MOBEPXHOCTEN M MX LLEPOXOBATOCTbH).
OTK hakTopbl MOryT paccMmaTpuBaTbCH Kak COBMe-
CTHO, Tak W pasgenbHo. [lpakTuyeckas LEHHOCTb
Mogenu, cedAsblBalolen MHorme akTopbl, BAWUSIHO-
LMe Ha reoMeTputo LWenun, UMeeT OrpaHUYeHns ns-
3a TpygHocTen B onpederneHnn BO3OeNCTBUS ITUX
hakTopoB. B HacTosLwwee BpeMsa npu uccneaoBaHuu
npoLeccoB, npoTekawLwmx B Lenu TopueBoro yn-
NOTHEHWs, BCe Yalle UCMOonb3ylT MoAenu, ¢ Heoa-
HOpPOOHbLIMW MOBepxHoCTAMU. B kavectBe HeogHo-
POAHLIX MOBEPXHOCTEN MOHUMAIOT MOBEPXHOCTH,
cogepxalime oTAenbHble perynsapHele obnacrtu,
KOTOpble MOXHO onucaTb WHbIMW, YeM OCTalbHble
YacTu NOBEPXHOCTWU, TEeOMEeTPUYECKUMHU, U3NKO-
MeXaHN4YeCKUMN N PU3NKO-XMMUYECKMMM CBONCTBA-
mu. lpn cospgaHum obnacten C HEOAHOPOAHbLIMU
NMOBEPXHOCTAMU UCMOMb3YIOTCA ApYyrMe TEXHOMoruu,
Yyem ONA ocTanbHOM MnoBepxHocTU. HeogHopogHo-
CTW MOTyT BbITb NPeACTaBNeHbI Kak:

- yrnybrneHns B NMOBEPXHOCTU KOMEL, CKOMbXe-
HUA, (KaHaBKW, WNMUbl U T.N.), cHOPMUPOBaHHbIE
hpesepoBaHMeM, XUMUYECKUM TpaBneHneM, nasep-
Homn obpaboTkon 1 ap.;

- obnactu, obnagatowme gpyrumm  OU3NKO-
XUMUYECKMMN U MEXaHUYECKMMW CBOWCTBaAMU, Ha-
npuMep, NOBEPXHOCTU C PasfnNYHON MECTHOW TBep-
OOCTbI0O U MEXaHWYeCKON MPOYHOCTLIO MONyYeHHble
nyTeMm rokarbHOM MOBEPXHOCTHOM 06paboTku: na-
3€epOoM, 3MEKTPOIPO3NOHHBLIM NiermpoaHuem (33J1),
XUMUKO-TepMUYeckor obpaboTkon u ap.;
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- 0bracTtu ¢ pasHo MUKpOreoMeTpuen noBepx-
HOCTW, HaNpUMep, 3POANPOBaHHbIE B TOYKE (Mnasep-
Hasi obpaboTka) unu mmetrowmne cOPMMUPOBaHHYIO
MWKPOreoMeTpUI0 NMOBEPXHOCTM B Npefenax ee He-
cywien obnactu (nasepHble N 3NEKTPOIPO3NOHHbIE
TEXHOMOMNM).

AHanu3s nocnegHux uccrnepoBaHUM U nyo6-
nuKauumn.

B HacTosiLLee Bpemsi, B COOTBETCTBUM C HOBbI-
MW TEXHOMNOrMAMU (NasepHble, ANEKTPOIPO3NOHHBbIE
n ap.) HabnogaeTcsa NOBbILEHHAs 3aMHTEPECOBaH-
HOCTb B TEKCTYPUPOBaHWM MOBEPXHOCTU. OTOT Me-
TO4 BCE Yalle NPUMEHSETCA C LEenbio yBenUYeHns
HecyLlen cnocobHOCTM Napbl TPEHUS CKOMBbXEHUS Y
YMEHbLLUEHNSI COMPOTMBREHNA Npu TpeHun. Meton
MMeeT LUMPOKOE MNPUMEHEHUE MpU WU3roTOBMEHUU
ynnoTHeHun [1].
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Jet nozzle
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PucyHok 1 - Cxema 3p03MOHHOMo 1 NasepHoro
MeToAa TEKCTYpUPOBaHUS NOBEPXHOCTH [2]

PaanuyaloT MHOro pasnuyHbIX METOAOB TekK-
CTypupOBaHuUst MNoBepXHOCTU. OCHOBHBIMU U3 HUX
SABMAIOTCA METOAbl XMMUYECKOro TpaBrieHUs 4depes
Macky (060rno4Ky), SPO3MOHHBbIE U ANEKTPOIPO3UNOH-
Hble MeTOAbl, a Takke MEeToAbl C UCMONb30BaHNEM
nasepHon TexHukM. Ha puc. 1 ykasaHa cxema 3apo-
3MOHHOrO M Na3epHOro MeToAoB TEKCTYpPUMPOBaHMUS
nosepxHocTn. Kaxabih n3 3TUX METOL4OB UMeeT
CBOW NpeNMyLLECTBa N HEAOCTATKU.

B cnyyae mcnonb3oBaHMs NasepHON TEXHUKMU,
KOTOpas MOXET MPUMEHATLCA B pasfNUYHbIX BapuaH-
Tax npy eauHUYHOM UMMNYMbCe Nas3epHoro mnsny4ye-
HWK, B 3aBUCUMOCTM OT NapamMeTPOB fNa3epHOro nyy-
Ka, a Takke CBOMCTB maTepuana, BO3MOXHbIM CTa-
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HOBUTCS popMMpoBaHue yrnyoneHun B Buge S, V u
W (puc. 2).
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PucyHok 2 - MogenbHble (oopMbl yriyoneHun,
nony4YeHHble B pe3ynbTaTte egUHUYHOro UMnynsca
nasepa [3]

He3aBucMmo oT hopMbl yrnybneHns n okpy-
Xawllen cpedbl BO3HMKAKOT M3MEHEHUS CBOWCTB
mMaTepuana, Bbi3blBaloLLMe, B CBOKO odepeab, U3Me-
HEHWNS peaKLMm Ha Harpysky.

[OBOMbHO LUMPOKME BO3MOXHOCTU ANS co3fa-
HUS TEKCTYPbl MMEET 3MEeKTPO3PO3NOHHBLIN MeToa,
0fHaKo, 0O HACTOSILLEro BPEMEHUN OH HEQOCTAaTOYHO
n3yyeH. B [4] nocne aneKkTpoapo3nmoHHon 0b6paboTku
1 nocneaytowlero obkaTbiBaHWS NOBEPXHOCTU POnu-
Kamu nonyyanu CTPyKTypy yAOOHYIO C TOYKM 3peHUs
cMasbiBaHus (puc. 3).

PucyHok 3 - Tonorpadus TeKCTypbl MOBEPXHOCTU
C 3NEKTPOIPO3NOHHBIM MOKPLITUEM
nocrne o6kaTtku ponukamu [4].

dopmynumpoBaHue Lenu ctatbM (NOCTaHOB-
Ka 3agauu).

Hwke npuBefeHbl pe3ynbTaTbl UCCreqoBaHWUN,
NPOBOANMbBIX B COOTBETCTBUM C JOFOBOPOM O Hayu-
HOM coTpyaHudecTBe mexay CymMcKkuM HaumoHanb-
HbIM arpapHbIM yHuBepcuTeToM (YkpauHa) u NMonu-
TexHukon CaeHTOKpxuckon B Kenbuax (MonbLua),
npegmMeToM KOTOpOro siBnseTca obuwiaa aedtenb-
HOCTb M B3aMMHbIA OOMEH HayYHbIMUK pe3ynbTaTamu
B obnactm opMMpoBaHWs  TPMOONOrMYECKMX
CBOWCTB MOKPbLITUA U B 0611acT SUHAMUKN MaLLWH.

Llento paboTbl, ABNANack n3HavanbHas oLeHka
TEKCTYPUPOBaHUS MOBEPXHOCTEWN CKONbXXEHUS TOp-
LieBbIX YNNOTHEHWUIA.

U3noxeHne OCHOBHOro Martepuana wuccrne-
[OBaHUN.

JlokanbHasa nasepHasa obpaboTtka, OCHOBaHHas
Ha nasepHoW 3po3un, Obina nonyyeHa Ha nasepe
Nd:YAG (tun BSL 720) npw cnegyrolmnx napameT-
pax npouecca:

- ouameTp nasepHon Todkm d = 0,7 Mm;

- MoLLHOCTb nasepa P=10 Br; 20 BT; 30 BT; 40
BT; 50 BT; 100 BT; 150 BT;

- chokycHoe paccTosiHue f = 1mm;

- Bpemsi ogHoro umnyneca ti=0,8 mc; 1,2 mc;
1,48 mc; 1,8 mc; 5,5 mc; 8 mc;

- CKOpOCTb [OBWXeHust obpasua V =
MM/MUH;

- yactota nostopa f = 8 Hz.

UccnepoBaHns adhdekTa nasepHoOn apo3un Ka-
canncb B OCHOBHOM WU3MEPEHUIN OMAMETPOB U Ny-
OWH MOMyYeHHbIX YrnyGneHnin B 3aBUCUMOCTM OT
PasnuyHbIX 3Ha4YeHUN MOLWHOCTW nasepa. Pesynb-
TaTbl 3TUX MUCCNEedoBaHWi B Buae rpadukoB npea-
CTaBreHbl Ha pUcyHkax 4 u 5.

1200
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PucyHok 4 - 3aBucumocTb guameTpa oTBEPCTUS OT MOLLHOCTU fa3sepa
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PucyHok 5 - 3aBucumocTb rnyOGuHbI OTBEPCTUS OT MOLLHOCTU fasepa

U3 rpacumkoB pucyHku 4 1 5 BUOHO, YTO BMECTe
C yBenuyeHuemM MOLLHOCTW Na3epHoro nyyka ysenu-
yMBaeTCca AMameTp WU rnybuHa MonydeHHbIX OTBEp-
cTuin. WcknioveHnem sBnseTcs noryyYyeHHoe 3Hade-
HWe rmybuHbl 0TBEPCTMSA NPW MOLLHOCTU nasepa 150
BT, kOTOpOEe MeHbLUe 3Ha4YeHus - npu moHocT 100
BT (puc. 5). BepoaTHO, NprYnHON NPOSIBNEHNS TaKo-
ro acpchekta saAsnsietcs Gonee AnuTernbHoe Bpems
Bo3gencTeua umnyneca (ti = 8 Mc) npu moLwHoCTH
nasepa 150 BT, B oTnun4me ot BpeMeHn OnnUTenbHO-
cTM umnyneca ti = 5,5 Mc npyu MOLIHOCTU nasepa
100 Br.

MccnegoBaHns  aneKkTPO3PO3MOHHONO  TEKCTY-
pYpOBaHUS peanunsoBarnucb C UCMONb30BaHUEM YC-
TaHoBku ELFA-541. Ha paHHOoM aTtane paboTbl 3a-
HAManucb M3y4YeHWeMm BIUSIHUSI NapameTpoB MNpo-
Luecca Ha BEeNUYMHY LLIEPOXOBaTOCTU MOBEPXHOCTH,
a Takke uccnegosanacb BO3MOXHOCTb W3MeEHEeHUs
MEXaHW4YeCKMX WU CTEePEOMETPUYECKUX CBOWCTB
3MNEeKTPO3PO3NOHHBIX MOKPBITUIA 3a CHET NPUMEHEHNS
rnocneaytLLern nasepHomn o6paboTku.

JlazepHble u 351€KMPO3PO3UOHHLIE MEXHO-
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noauu

OnNeKTPO3PO3NOHHbIE MOKPLITUS UMEKT HEeKo-
TOpble HeJOCTaTKN, KOTOPblE CHMKAIOT UX SKCMIya-
TalMOHHbIEe CBOMCTBA. [lpuMeHeHne nocrnepyoLlemn
nasepHor ob6paboTKM 3TUX MOKPbLITUIA 3HAYUTESTbHO
yny4llaeT Ux CBOWCTBaA.

J1azepHbIN Ny4OK MOXET OblTb MCMOMNb30BaH C
Lenblo BbIrMaxnBaHusl, COOPMUPOBAHHOW 3IEKTPO-
3PO3NOHHBIM  METOAOM TEeOMETPUN MOBEPXHOCTU
YNIOTHEHWS1, OOBeOeHNst 4O OOHOPOLAHOCTU XUMMU-
4YecKoro coctaBa HaHEeCEHHbIX MOKPLITUA 1 Ap.

AHanuM3 M3MeHeHUIn MakporeomMeTpum MnpoBO-
annn  ons KOMOGUHMPOBAHHBLIX MOKPLITUA CocTaBa
Cu-Ti, HaHeCEeHHbIX 3NEKTPO3IPO3NOHHBIM METOLOM
Ha KonbLa 13 cTanu 45 B MICXOQHOM COCTOsIHUM (puC.
6). MMokpblTMA noaBepranucb nocrneayroLllemMy BoO3-
aewvcteuo nasepa Nd: YAG npu crnegyowux napa-
MeTpax npotecca:

- ouameTp nasepHon Todkm d = 0,7 Mwm;

- MoLHocTb nasepa P = 20 Br;

- dhokycHoe paccTtosiHue .f = Tmwm;

- Bpemsa ogHoro nmnyneca ti = 0,8 mc;
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- CKOpoCTb [nBWXeHuss obpasua V = 1200 - yactota nostopa f = 8 Hz.
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PucyHok 6 - lNMpodunorpamma noBEPXHOCTU NOKpbITUA HaHeceHHoro u3 Cu-Ti (sug 3D).

MwuKpoCTpyKTypa nokpbITUA coctasa Cu-Ti go u Takum 06pa3oM, UCMONb3ya NasepHyto U 3Mek-
nocrne BO3AEUCTBUSA Ny4oM fasepa, a Takke pac- | TPO3PO3MOHHYD 06paboTKy MOBEPXHOCTM MOXHO
npeaeneHne MUKPOTBEPAOCTM B OTBEPCTUM, CHOP- | M3MEHATL CTEPEOMETpUYEcKMe U  MexaHU4eckue
MMPOBaHHOM MMMYIbCHLIM AEUCTBUEM fasepa, Mo- | CBOWCTBA e MPUMNOBEPXHOCTHLIX CIOEB.

KasaHbl, COOTBETCTBEHHO Ha pUCyHKax 7 - 9.

PucyHok 7 - MUKpOCTpYKTypa NOKpbITUS PucyHok 8 - MVIKpOTyKTyp nokpbITnst Cu-Ti
Cu-Ti (yB. 500x) nocne nasepHor obpaboTkm (yB. 500x)

Mikrotwardos$é¢ HV 0,1

100 - \ —e— stal 45/Cu/Ti
n

-600 -500 -400 -300 -200 -100 O 100 200 300 400 500 600

Odlegtos¢ od srodka otworu [um]

PucyHok 9 - PacnpeaeneHne MnkpoTBepAaocTv B Nokpbltun Cu-Ti
nocrne UMnynbCHOro AencTemsA nasepa (oTBEPCTUE)
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UccnedoesaHuss mopuyeeabix yrnyiomHeHul notHeHusa tuna A1 npomussoactea pupmbl ANGA, a
VccnegoBaHusa ynnoTHEHWIA NPOBOAMNN METO- | MCCrnegoBaHWs NPOBOAMIM Ha YCTAHOBKE CXEMA KO-
OOM cpaBHeHUs AN npoBepkn adbdekTa TEKCTypu- | Topon ykasaHa Ha puc. 10.
poBaHus. B kayecTBe mogenu ucnonb3oBanu yn-

pi

| |
||||
N
|

p2

T2

PucyHok 10 - Cxema yCcTaHOBKWU Ans uccnegoBaHun: 1-asuratens, 2-U3mMeputenis MOMEHTA,
3-wnuHaens, 4-kamepa ans uccnenoBaHun, 5-ypaBHUTENbHas EMKOCTb, 6-KOMMOTEP,
7-n3meputens yteyek, 8-sonHomMmep, MT - nyTb U3BMepeHUsi MOMEHTa TPEHUS;

T1, T2-nyT! namepeHnst TemnepaTypbl MOCTOSIHHOIO KOMbLa U cpeapbl;
p1, p2 - AaBneHus Ha BXO4E M BbIXOAE paguyca ynroTHALLEro KonbLa

KoHTpTena ynnoTHEHWn noaBepranuncb nasep- | BEPXHOCTW YrnybneHuin, npodunorpaMma KoTopbix
HOMY TEKCTYpUpOBaHWIO, MyTeM MOflydeHUss Ha no- | ykasaHa Ha puc. 11.

- . il iy
PucyHok 11 - Bug cdoparmeHTa NoBEPXHOCTU TEKCTYPUPOBAHHOMO Na3epoMm KorbLa:
a) yB. 6,3x; 0) yB. 25x

TekcTypupoBaHMe ObiNo OCHOBaHO Ha npoxox- | wem p = 0,35 MlMa, a Takke 0,2 MIMa. OnbIThI, C Le-

OEHUN BCTYNUTENbHbIX XOO0B ANsl Pas3fUYHbIX CKO- | NbK CpaBHEHMWS, MPOBOAUMNMCH AN KOMEeL, C TeKCTY-
pocter n = 500, 1500, 3000, 4500 o6/muH, nocTo- | poi n 6e3 TekCcTypbl. Pe3ynbTaThl UCMbITAHUIA NOKa-
AHHOM [aBneHun cpefbl YNIOTHEHWS, COCTaBnsito- | 3aHbl Ha puc. 12.
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PldcyHOK 12 - 3aBncMMocCTb conpoTuBneHna TpeHna OoT CKOpPOCTU BpalleHUA

BbiBoabl. Takum o6Gpa3om, npoBeAeHHble UC-
cnepoBaHMA OTKPbIBAOT  LUMPOKNME BO3MOXHOCTU
AN NPUMEHEHUST TEKCTYpPUPOBaHUSA MNOBEPXHOCTU
nasepHbIM 1 3MNEKTPOIPO3NOHHBIM MeTodoM. B xoae
nccnegoBaHW YCTAHOBMEHO, YTO NyTEM TEKCTYpu-
POBaHUSA MOXHO AOCTUYb CHIDKEHUSA CUMbI TPEHUSA U

ynydylleHua yCJ'IOBMl71 CMa3blBaHWUA, YTO MOXET ObITb
NpakTn4eCkKn nCnosyib3oBaHO B TOPLOBbIX YMNIIOTHE-
HUAX C BbICOKMM OaBlieHneMm, a Takke B TeX cliyya-
AX, rae MOXeT BO3HUKHYTb BEPOATHOCTb BO3HUKHO-
BEHNA OJOMUHUPYOLWNX aAre3noHHbIX CUI.
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lMpedcmaeneHbl pe3ynbmambsl meKcmypuposaHusi Memarsu4eckol noeepxHocmu na3epHbIM U 3/1eK-
mpPo3pO3UOHHBLIM Memodom. OrnpedenieHa nepcriekmusa UX UCMoMb308aHUs 8 MOpPUEBhIX YIIOMHEeHUSIX

b6eckoHmMakmH+o20 murna.

The results of texture creation of metallic surface are presented by a laser and electro-erosive method.
The prospect of their use is certain in the butt-end compressions of noncontact type.
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