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PEDEPAT

C uenvro onpedeneHus 8AUSHUS Npoyecca HaHe-
CeHUSI 8AaKYYMHO-NJA3MeHHbIX NOKpbIMUll HA 3KC-
NAyamauyuoHHele  Xapakmepucmuku NooOWUNHUKo8
KayeHus 8 OaHHOU CMAmee GbII0 U3YYEHO BUSHUE
HaHeceHus nokpsimusi TiN Ha 2eomempuydeckue xa-
pakmepucmuku (08aJ1bHOCMb, PA3HOPA3MEPHOCMb,
2PpaHHOCMb U M. 0.) men Ka4eHus padudabHo-ynop-
Ho2o wapukosoeo nodwunHuka Ml13 6305. N3yueHo
8/IUSIHUE NPOUECCa HAHEeCeHUs NOKPslmMus Ha wepo-
X08amocme U BOJIHUCMOCMb Chepudeckux noodao-
HeK. Takie nposedeHbl CpasHUMENbHbIE UCNbIMAHUS
NnooOwUuUNHUKO8 U yCMAHOBAEHO 6JusiHUe npouyecca
8AaKYYMHO-NJIG3MEHHO20 HANbIJIEHUS MeJ KAa4eHus
Ha wWyMossble U BUBPAUUOHHbIE XApaKmepucmuku
noowuNHUKa.

BBELEHME

MoBbIlWEHWE LONFOBEYHOCTM MOALWMMHUKOB Ka-
YeHus - BaXKHeWWwas 3ajaya, pelleHue KOTOpoWn
MO3BO/IUT NOBbICUTb MPOU3BOAUTENBHOCTD MALLMH,
MX KavyeCTBEHHble XapaKTepucTuku, obecnevnTb
3KOHOMMIO MaTepuanbHbIX PecypcoB M COKPATWUTb
BpeMs NpocToeB 060pynoBaHMS.

Hanuuue TpewmH pasnnMyHoro NponcxoXxaeHus,
nop, AMCNOKaLMI, BKIKOYEHUI NPOKATHOM OKaNu-
Hbl M Apyrux AedeKkToB Ha pabounx MOBEPXHOCTSX
SBNSIETCS OCHOBHOM MPUYMHOM 0Opa3oBaHMs 0CO-
60ro BMOa KOppo3uu B BUAE A3B U OTKPbITbIX MOS0~
CTEW, NONYyYMBLUEN HA3BaHWE MUTTUHI (OT aHM. pit
- NOKpbIBaTbCs MKamu). OCOBEHHOCTbI0 MUTTUH-
roBOM KOPPO3WUM MOJALUMIMHMKOB KAayeHUs aBnseT-
C MX MOBbIWEHHbIE LYMO- M BMOPOAKTMBHOCTD,
0COBEHHO gpKo nposiBasolwmecs npu paboTte Ha
MOBbILLEHHbIX CKOPOCTHbIX PEXMMax B pe3ynsraTe
CMeLleHns reoMeTpMYeckoro LEeHTpa 3/1EMEHTOB
KauyeHMs OT UX LLeHTpa Macc M CONpOBOXAAtoLLMecs
MOBbILLEHHbBIM U3HOCOM KOHTAaKTUPYHOLLMX NMOBEPX-
HOCTEM U MpeXAeBPEMEHHbIM BbIXOAOM MOALIMM-
HMKOB U3 cTpos [1].

OnHUM 13 Hanbonee NepcnekTUBHbIX NyTen No-
BbILUEHWS LONTOBEYHOCTU MOALMMHUKOB SBNSAETCS
HaHeceHWe Ha NOBEPXHOCTU TeSl KaYeHUS MOKPbITUI

YOK 621.7/9.048.7
ABSTRACT

In order to determine the effect of the application
of vacuum-plasma coatings on the service proper-
ties of the bearings the effect of TiN coating on the
geometric characteristics (roundness, different size,
facetness etc.)of the rolling elements of the angu-
lar contact ball bearing MPZ 6305 is studied in this
paper. The influence of the coating on the surface
roughness and waviness of spherical substrates is
studied.. Also, comparative trials of bearings are con-
ducted and the influence of vacuum plasma spraying
of the rollers on the noise and vibration characteris-
tics of the bearing is established.

M3 TYronnaBKMUX COeOMHEHUN, KOTOPbIe YMEHbLUAKT
TPEHWE U U3HOC KOHTAKTUPYHLLMX NMOBEPXHOCTEWN,
a TaKxke CyxaT auddy3noHHbIM BapbepoM, npe-
NATCTBYIOLLMM CXBATbIBAHWMIO KOHTAKTUPYIOLMX Ten
MpU BbICOKMX KOHTAKTHbIX Harpyskax [2 — 3].
HecmoTps Ha npenMylLecTBa MeToAa BakyyMHO-
NAa3MEHHOro YNPOYHEHMS NOALLUMIMHMKOB MO CPaB-
HEHWIO C APYrMMU, MPOLLECC YIPOUYHEHMS Ten Kaye-
HUa cepuyeckor GopMbl 3TMM CNOCOOOM monroe
BpEMSI NPeaCTaBAsNCcS TPYAHOOCYLLECTBUMBIM MO
NMPUYMHE HANMUMA Y LWApa TONIbKO OJHOW MOBEpX-
HOCTW, 9BNAIOWENCS OOHOBPEMEHHO U 6a30BOW U
obpabaTbiBaeMoit. Ko BceMy npoyemy: onsa nonyye-
HWS MOCTOSIHHOW TOMLLMHbBI MOKPbITUS HE0OX0ANMO
npupate chepuyeckor MOANOXKKE PpaBHOMEpHOe
BpalleHne B BaKyyMHOM KaMepe BOKpYr Tpex B3a-
MMHO NepneHaMKYNsSIpHbIX OCel OLHOBPEMEHHO.
[4 - 5]. Anga pewexuns 3T0r0 BONpoca COTPyAHMKA-
Mu benopycckoro HauUMOHANbHOrO TEXHUYECKOro
yHMBepcuTeTa paspaboTaH pag npucnocobneHui,
3aLUMLLEHHBIX aBTOPCKMMU CBUAETENbCTBAMM, OIS
HaHeCeHMsl BaKyyMHbIX MOKPbITUIA HAa MarHUTHbIE U
HeMarHuTHble Tena kaveHus. OTNMUUTENBHON Yep-
TOW 3TUX YCTPOMCTB aBNgeTCs obecneyeHme MHOro-
0CeBOro BpaLleHMs LWApOoB B MpoLLecce HamnbuieHus
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C Le/blo NONYyYeHUsS paBHOMEPHOTO MO TOJLWMHE U
XapaKTepuUCTUKaM MOKPbITHS.

METObl 1 MATEPUAJIbI MCCITEAOBAHUS

[lns BbISIBNEHUS BAMSHMS NpoLECcca BaKyyMHO-
NNA3MEHHOrO YNPOYHEHUS TeN KAYEHUS HA UX reo-
MeTpUYecKMe XapaKTepucTuku Obin uccnefoBaH
npouecc HaHeceHuns nokpbiTna TiN TonWwMHOM 3
MKM Ha NapTuIO LWAapMKOB HOMMHANIbHOTO AMaMeT-
pa d =11,509 MM 0fHOPSAAHOMO paaManbHOro NoA-
WwunnHuka cepun 6305. Matepuman wapos — LWX15,
TBeppoctb 62..64 HRC. KonnuectBo Lwapukos B
naptuu - 100 wryk.

[ns onpeneneHns TOYHOCTHbIX XapaKTepUCTUK
wapos, cornacHo [OCT 3722-81, 6binn uccne-
[lOBaHbl Clefyrlimne nokasaTenn OTKJOHEHUS OT
KPYrnoCcTW: 0BasbHOCTb, FPAHHOCTb, pa3HopasmMep-
HOCTb, @ TaKXXe BOMIHUCTOCTb U LIEPOXOBATOCTb.

[ns onpeneneHns BenUUMHbI OTKIOHEHWS OT
KPYrnocTM M pa3HOpPa3sMepHOCTU LWApPOB MpPOU3-
BOLMNIM WU3MEpPEHWsS AMAMETPOB KPYrNoMepoMm
Roundtest — 114. OBanbHOCTb WapoOB McCnenoBa-
Nacb NOCNefoBaTeNbHbIM U3MEPEHUEM AUAMETPOB
LIapoB yepes Kaxaple 45° B Tpex B3auMHoOMNepnex-
LMKYNAPHBIX M0CKOCTAX; orpaHka — yepes 120°.
MN3mepeHne BOMHMUCTOCTM BbINOJHAAM HA npubope
Talyrond-73. Mi3amMepeHMe LWepoxXoBaTOCTW BbINON-
Hanu Ha npubope Taly-Surf.

MNepen HaHeceHWeM MOKPbLITUS LWAPWUKK Obiau
obe3xunpeHbl 6eH3nHoM «Kanoway» MOCT 443-76
M TeXHUYECKMM 3TnnoBbiM cnuptom MOCT 17299-
78.

Hanbinenve npousBoannn Ha BaKyyMHO-AYro-
BOM yctaHoBke YPM3.279.048 (OIHM-6-008). B
KayecTBe NpucnocobneHns Mcnonb3oBann ycTpon-
CTBO /19 HAHECEHUS MOKPbLITUI B BaKyyMe Ha cde-
puyeckme NoaoXKKM.

[MoBepXHOCTb WapOB nepes HaHeCEHWEM Harbl-
NEHUs AN OYMLLEHUS OT OCTAaTKOB OPraHUYecKux
3arps3HeHui U OKUCHBIX NAEHOK MOABEPrann UOH-
HoM 60MbOapaMpOBKE MOHAMM TUTaHa. TexHOoru-
Yeckue napametpbl mpouecca: Tok ayru /; = 90A,
BE/IMYMHA onopHoro Hanpskenus U = 1000B, Tok
dokycupytowen Katywku /, = 1A, BpeMs 04UCTKM
t = 180 c. lNocne Hee HaHOCWUAM NPOMEXYTOYHbIN
NOAC/ION TUTAHA AJ19 NOBbIWEHWS NPOYHOCTYH cLen-
NEHUSI MOKPbITUS C OCHOBOW M (HOPMUPOBAHUS
onddy3moHHoro bapbepa Mexay HUMU. 3aTeM B
BaKYYMHYI0 KaMepy HanycKancs a3oT NoBbILLEHHON
CTENEHU OYUCTKM U NPOUCXOAUN0 HEMOCPELCTBEH-
Hoe (opMUpPOBaHME MOKPHLITUS U3 HATPUAA TUTAHA.

TexHonormueckmue napameTpbl nNpouecca Hambine-
Hua: ToK Ayrn /,= 90A, BE/IMYMHA OMOPHOTO Hanps-
xeHna U =150 B, Tok pokycupytowein KaTywkm /, =
1A, naBneHune peakumMoHHoro rasa P = 2,5*10-1Ma.
Bpemsa HaHeceHMs NOKpbITMS BblIBUpanocb M3 Co-
obpaxxeHnii GOpMMPOBAHMS MOKPbITUS TONLMHOWM
h =3 mMkM. YacToTa BpalueHusa ctona npucnocobne-
HUS N =4 MUH

McnbiTaHna Ha wym 1 BMOpaLMIO NPOM3BOAM-
mmcb cornacHo TOCT 27164-86 B 3BYyKOMETpU-
4YEeCKOM TMOMeLeHUN pa3MepoM, COOTBETCTBYHO-
wmm TOCT 15242-2004. V3mepeHus konebaHuit
paguvanbHO-ynopHoro nopwunHuka 6305 TOCT
8338-86 C ynNnpoOYHEHHbIMU TENaMMU KauyeHUs OCy-
LecTBASM NpuU YyacTote obopoToB n = 5000 MuH?
n Harpyske 5000 H. LLymbl n3mMepsanu B AnanasoHe
10...20000 Iy, aHanuzatopom cnektpa ACCUMCTEHT
SIU 30 TOCT 17187-81. CnekTp WyMOB 3anu-
cbiBancg B gpopMaTte .mp3 co CKOpOCTblo 64 6ut/
CeK. 3anucb CneKTpa WyMOB MPOM3BOAMNACH CUH-
XPOHHO C Tpex AaT4YMKOB, PACMONOXKEHHbIX C TOPLA
Basa, Ha KOTOPOM 6bli YCTaHOBNEH WCMbITyEMbIN
NOALWMIMHUK, HA paccTossHuu 20 CM OT Hero. 3anuch
cnekTpa BMOpauuii nMpousBoAMAACb C [ATYMKa,
33aKpENJIeHHOro Ha WCNbITaTeIbHOM LWMTe yCTa-
HOBKM, GUKCMPOBANaCh YacTOTHAs U aMMAUTyLHas
XapakTepucTuka WymoB. Nepen HavyanoM ucnbiTa-
HMI1 BbIIO NPOM3BELEHO NATUKPATHOE U3MEpEHHMe
WYMOB YCTaHOBKW, 3aTeM MNpu 33aJaHHOM uucne
060pOTOB M Harpyske MpoM3BOAMIUCH UCMbITAHUS
CTaHOAPTHOIO M YNPOYHEHHbIX MOALUMMTHUKOB.

Mpu nomowmn undpoBoro ayamopenaktTopa
SONY Sound Forge 13 3anucu ucnbiTaHMi noawmmn-
HWMKOB Obln BblAeNeH CrnekTp konebaHui ncnoitye-
MbIX MOALIMMHWKOB MYTEM HANOXEHMS Ha 3anuchb
dunbTpa, CoCTOALEro U3 crnekTpa konebaHui ycra-
HOBKM. OUMCTKA 3aMMCK OT YaCTUYHbIX PParMeHToB
M CNyYalHbIX TAPMOHUK MPOU3BOAMUIIUCH BPYYHYHO.

M3MepeHue ypoOBHS BO3AYLIHOMO LWyMa Moa-
WMMHUKA MPOU3BOAMIIM HA YHWMBEPCANIbHOM MNpw-
BOLE AJ19 CPaBHUTENbHOMO M3MEPEHUS LUYMOBbIX
M BMOPALMOHHBIX XapakTepuUCTUK MOALIMMHWUKOB
KaueHus.

CPABHMUTEJIbHbIE OAHHBIE MO PE3VYJIbTA-

TAM M3MEPEHMI

MN3MepeHus wepoxoBaToCTU U OTKIOHEHWUI OT
KPYrn0CTU LWapoB A0 U NOC/Ne HaHeCeHUS Hamblie-
HM4 (C y4eTOM ero TONLWMHbI) NpeacTaBieHbl B BUe
AvarpamM Ha pucyHkax 1 - 5.
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PucyHok 2 - [uazpamma 4acmomel OMKIOHEHUS
ouamempos wapos om HOMUHA/AA neped u nocsie
npouecca HaHecerHus TiN

Kak cnepgyeT M3 nNONy4YeHHbIX pe3yNbTaTos,
NpoLecC HaHeCceHUsl MOKPbLITUI Ha Tena KayeHus
HECKO/IbKO YXYALIAeT UX reoMeTpuyeckme xapakre-
PUCTUKK, B YACTHOCTU: OTKJIOHEHME GOpPMbI LLIAPOB,
pa3HOPa3MepHOCTb U OBaIbHOCTb.

OpHvM M3 onpepensolMX nokasaTenein Kaue-
CTBA MOBEPXHOCTHU, OKa3bIBAKOLWMX CYLLECTBEHHOE
BAUSHWE HA XapaKTepUCTUKU JONTOBEYHOCTU MOA-
WMMHUKOB KayeHwus, SBASETCS BOMHWUCTOCTb MO-
BEPXHOCTEN TPEHMSI.

CpaBHUTENbHbIE pe3yNbTaTbl U3MEPEHUS BOSTHU-
CTOCTM NOBEPXHOCTW Ten KayeHwus npencTaBieHbl
Ha pucyHke 5.

[ns onpeneneHuns BAMaHUS norpewwHocren dop-
Mbl TeJ1 KaUYeHMs Ha XapaKTEPUCTUKM NMOALIMITHUKOB
KauyeHus 6b1n1o nponsseneHa cbopka pagmanbHoO-y-
NopHOro noawunHuka MIM3 6305 ¢ ynpo4HeHHbI-
MW Tenamu KayeHwus, a Takke Obliv Npon3BeseHbl
CPaBHUTESIbHbIE UCMbITAHWS HA OMpeaeneHne Bo3-
LYWHOro WyMa v ypoBHS BMOpaLMi CEPUMHBIX U
YMPOYHEHHbIX 06Pa3LLOB.
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PucyHok 3 - CpasHumensHas duazpamma 8eauyuHsl
pazHopasmMepHoCmMu napmuu wapos neped U nocse
HaHeceHus TiN

O, MKM
0.4

03

0,2

0,1

o —i |

MHUHUMAaJIbHOE nbHOE  cpeHeapud
Bcepuiinsie  @ynpounennsie TIN

PucyHok 4 - CpasHumenbHas ouazpamma eenuyu-
Hbl 08a/ILHOCMU WAP0O8 neped U nocie npouecca
HaHeceHus cnos TIN
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PucyHok 5 - CpasHumeneHas duazpamma usMeHeHus
nokazamesneli 80IHUCMOCMU NOBEPXHOCMU 3/1eMeH-
mos kayeHus 00 U Nocjie npouecca HaHeceHus no-
kpoimus TiN

06wumi Bua noawmnHuka MM3 6305 c ynpou-
HEHHbIMW 3/1EMEeHTaMM KayeHus NpeacTaBfieH Ha
pucyHke 6.
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PucyHok 6 — PaduaneHsili nodwunHuk 6305MPZ ¢ ynpodHeHHbIMU 3nemeHmamu kadeHus (PVD-nokpsimue TiN)

CxeMa yHvBepCanbHOro NpuMBOAA AN CPaBHU-
TeNbHOro M3MEpPEeHUs LIYMOBbIX M BMOPALMOHHbIX
XapaKTEPUCTMK NOAWMMHMUKOB KAueHus npencras-
NeHa Ha pUcyHke 7.

MpuBOA, ANS UCMbITAHMIA NpencTaBnseT cobov
3NEeKTPUYECKMI NPUBOL CO LIMUHAENEM Ha Mac-
NOCTPYMHbBIX MOALUMMHUKAX CKOMbXEHMS, YyCTa-
HOB/IEHHbIM Ha MacCMBHOM cTone. MccnepyeMbli
MOALIMMHUK KAaYeHMs HaCAKMBAETCS BHYTPEHHUM
KOJIbLLOM Ha CMEHHYH Pa3KMMHYIO LLAHTY, d €ro Ha-
PY>KHOE KOMbLO 3aXXMMaeTCs cneumanbHbIMU CMEH-
HbIMW YNPYrMMKU AUCKAMM, HA KOTOPbIX HAaXO4ATCS
BMOpoaaTUmKku. Mo oCU WNUHAENs Ha PacCTOAHWUM

o Sudpayu

MUKDODOH r

o |l | ~
O~ o7 @

PucyHok 7 - Cxema yHugepcansHo20 npugoda ons
CPABHUMENbHO20 U3MEPEHUs WYMOBbIX U 8ubpayu-
OHHbIX Xapakmepucmuk NOOWUNHUKO8 KayeHus

0,3 M OT MCNbITYEMOro NOALWMUMHMKA Ha Creunanb-
HOW MoAcCTaBKke ycTaHOBNeH MWKpodoH. [Mpusopg,
MMeeT ABOWHOM KOHTYP 3aLUMTbI OT WyMa BHYTPEH-
HMX Y3/10B.

Pe3ynbTaThl CpaBHWUTENbHbBIX UCMbITAHUA HA LWYM
MPpY PasnnYHbIX YACTOTaX BPALLEHUS BHYTPEHHEero
KonbLa [ONS CEPUMAHONO MOALWMMHMKA M C YNpou-
HEHHbIMU 3N1eMEHTaMM KauyeHus NpeacTaBieHbl Ha
pucyHke 8.

[lonyyeHHble CpaBHUTENbHbIE pe3ynbTaTbl W3-
MepeHUs BO3AYLWHOMO WyMa U YPOBHS BMOpaLmii
MOALWMMHMKOB CBMAOETENbCTBYIOT O HE3HauuTesb-
HOM ponu norpeLHocTen B paboTe NOALWMUMTHUKOB:
TaK, pa3nnuuns B ypoBHE LWyMa 1 BUOpaLmMit Nnposs-
NSKOTCS TONBKO MPU YacTOTe BpaLleHus, 6an3Kom K
MaKCMMalbHOMY KaTa/l0XHOMY 3HaYeHuto, KoTopas
B peasibHbIX YC/I0BUAX 3KCMyaTaumMm BCTpeyaercs
KpalHe penko.

o Bcei BMAMMOCTH, YBENMYEHUIO LLIYMA NOCAY-
XWUNK cnepylowwme NpuYmHbI:

- W3MEHEeHWEe reoOMeTpUYECKON TOYHOCTU Ten
KayeHus;

- TaK KakK HaHeceHue MOKPbITUIA Ha Tena Ka-
YEHMS CYLLeCTBEHHO CHMXAET MOTEpPU HAa TpeHwue
B y3/ie, C/Ief0BaTeNbHO CYLLECTBYET BO3MOXHOCTb
TOro, YTO YrNOBask CKOPOCTb YNPOYHEHHbIX MOALIM-
HWKOB Ha UCMbITAaTENbHOM CTeHAe Obina Bbille TOro
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PucyHok 8 - [Juaepamma 3asucumocmu 8030yUIHO20
wyma nodwunHuka 6305 om yacmomel 8HympeHHe-
20 KO/IbYa 0718 cepuliHo20 U ynpoYHEeHH020 nodwun-
HUKO08

Xe MoKa3aTens AN CePUMHbIX NOALLIMMHUKOB;

— MpY 3HAYUTENBHBIX YINOBbIX CKOPOCTAX BO3-
MOXHO BO3HWKHOBEHME [LOMOSIHUTENBHOMO BpaLle-
HWS Ten KayeHus BOKPYr BPEMEHHOM OCH, YTO Tak-
)K€ OKa3blBAET 3HAUMTeNbHOE BAMSIHME Ha 0OLLyH0
KapTuHY LWyMma.

CTouT TaKXe OTMETWUTb, YTO pasnuyve B LIyMe
YNPOYHEHHOTO U CEPUIHBIX MOAWMMHUKOB Manbl
HaCTOMbKO, UYTO BCE WCMbITYyeMble MOALUMMHUKM
COOTBETCTBYIOT TpebOBaHMAM, NpenbsBAsSEMbIM K
MOALMIHUKAM.
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Cmames nocmynuna e pedakyur 28.06.2013 e.

TEPUCTUKM MOBEPXHOCTU: HE3HAYUTENbHO BAMSET
Ha norpewHocTb GOpMbI, OBANIbHOCTb, FPAHHOCTD,
pa3HOPa3MepHOCTb 1, B BoNblLel CTeneHu, Ha no-
KasaTenu cpefHelt U MaKCUManbHOM BOJIHUCTOCTU
LWApOB. 3TO MOXHO OOBLACHMTb OTCYTCTBMEM paB-
HOMEpHOro MPUHYAMTENbHOIO BpaLLEeHWs LIApoB
B npoLecce HanblieHus, obecneynBaloLLero pas-
HOMEPHOCTb MHOTOOCEBOr0 BPALLEHUS MOCIELHUX
M NOrpeLHoCTbio GOPMbl HEYMPOUYHEHHbIX Ten Ka-
yeHus (B pacCMOTPEHHOM MpuMepe Tena KavyeHus
[l0 M Nocne yNpoYyHeHUs No BCEM NMOKa3aTensMm Co-
OTBETCTBYIOT LUapaM MOALWMMHUKOB KaveHus 1-ro
Knacca TOYHOCTK.

2. CpenHeapudmeTnyeckoe OTKJOHEHWE Mpo-
duna Ra ynpoyHeHHbIX LWApoB MO CPaBHEHWUIO C
u3HavanoHon yesennuunca ¢ 0,4 po 0,5 MKMm, uTo
MOXHO OOBACHWUTbL HaNM4MEM KanenbHom ¢asbl B
MOTOKE PacnnaBAEHHOro MeTanna M crneundurkon
npouecca MoMy4YeHUs MOKPbITUS. YMeHbLUeHue
KanenbHoM a3bl BOSMOXHO Npu NPUMEHEHUM Ce-
NapaTopoB Pa3fIMYHOM KOHCTPYKLMK, HANM4me Ko-
TOpbIX B CTaHAAPTHOM KOMMAEKTaLUUM YCTaHOBOK
BaKYYMHO-M/JIa3MEHHOIO HamnbIEHUS He npeay-
CMOTpEHO.

3. [NorpewHoOCTH, NONyYeHHbIe TeNaMu KavyeHus
BC/IECTBME HAHECEHMS MOKPbITUS, NPOSBASIOTCS Ha
BbICOKMX YacTOTax LWyMa U BUOpaLMI, OAHAKO NOA-
WWMHUK C YMPOYHEHHbIMM TElAMU KayeHUsi COOT-
BETCTBYET BPEMEHHbIM AOMYCTUMbIM HOPMaM AN
lwyma u Bnbpaumi.

4. Mpouek, X. A. OcHoBbI TexHONOrMK (HOPMUPOBa-
HWS MHOTOKOMMAHEHTHbIX BaKyyMHbIX 3JIEKTPO-
nyrosbix nokpbiTuid / XK. A. Mpouek, b. A. S1i3Hep,
B. A. MapkoB. - MuHck : HaByka i Ta3HxXHika, 1991.
- 95c.

5. KocTiok, I. . Du3mMKo-TeEXHUYECKME OCHOBbI KOM-
HMHUPOBAHHBIX TEXHONOMMI HaMbINEHNUS NOKPbI-
TWI, MOHHOW MMMIAHTALMKU, MOHHOTO lernpoBa-
HU$, Na3zepHoi 06paboTku u ynpoyHenus / I. U.
Kocttok. — XapbkoBs : AUHY, 2002. - 1030 c.

36 TEXHONOTNA U OBOPYAOBAHWE NIETKOM MPOMBIWJEHHOCTU M MALMHOCTPOEHMA



