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B cmamve npueeden Ho6b1l cNOCOO NOGLIUEHUS USHOCOCMOTUKOCIMU PADOYUX NOBEPXHO-
Cmetl CMAbHbIX KOJlel UMNYIbCHLIX MOPYEEbIX YIOMHEHUY, KOMOPbIll 6KNI04Aem HAHeCeHUe Ha
HUX K8AZUMHOLOCNOUHBIX KOMOUHUPOBAHHBIX INEKMPOIPOIUOHHBIX NOKPHIMUL, NO360NAIOUUX NO-
IYYUMb MUKPOMBEPOOCMb NOGEPXHOCMHO20 cNlos 6 npedenax 6500...9600 MIla npu wepoxosamo-
cmu nosepxnocmu Ra nopaoxa 0,5 mxm.

Knroueevie cnosa: umnynscrnoe mopyosoe yniomuenue, UHOC, NOGEPXHOCHIHBIL CNOY,
21EKMPOIPOZUOHHOE N1e2UPOBAHUE, MUKDOMEEPOOCb.

Beenenue. Co3anue HaAeKHBIX YIULIOTHUTEIBHBIX Y3JIOB, 00€CeYnBaIOIUX IepMe-
THYHOCTH B T€YEHHE JJIATEIFHOIO BpEMEHH B IMPOKOM JHanasoHe H3MEHEHUS TeMIIEpaTyp u
JaBJICHHM, SABJISETCS OJHOH M3 OCHOBHBIX IIpoOJIEM, BO3HHKAIOMIUX IIPH IPOEKTHPOBAHHH
HACOCHBIX H KOMIIPECCOPHBIX MAlMH U arperatoB. OIHAM H3 caMbIX pacHpOCTPaHEHHBIX
YIUIOTHHTEJBHBIX 3JIEMEHTOB, IIHPOKO MPHMEHSIEMBIX B HACOCAX, KOMIIPECCOPAX M Pa3IMUHEIX
XHMHYECKHX almaparax (peakTopax, MeIaJIkax | Jp.), SBIAETCA TOPIEBOe YIUIOTHEHHE. Pa-
OOTEHI, HaIlpaBJIEHHbBIE HA MOUCK MeHee AeHIUTHBIX, 60Nee AemEeBbIX HO He MeHee HalleKHBIX
MaTepHAIIOB, HCIOJIL3YEMbIX IIPH M3rOTOBICHUN OECKOHTAKTHBIX TOPLEBBIX YIUIOTHEHHH, SB-
AS€TCA aKTYAJTbHBIMA M CBOCBPEMEHHBIMH.

AHaJIN3 0CHOBHBIX JJOCTHXKeHHH B My6amKkanuil. ToploBoe yIIOTHEHHE C HMITYJIbC-
HbIM YpaBHOBEUIHBAaHHEM aKCHATIBbHO NOABMXXHOTO 3JIEMEHTA MMEET CPABHUTEIHHO HEJABHIOK
Heropuio - 1974 r[1]. TpaauumoHHas KOHCTPYKTHBHAs CX€Ma HMILYJIBCHOTO TOPLEBOTO
ymoraenus (UTY) nokasana na puc.l. Ha pabouelt moBepXHOCTH aKCHAIBHO NMOIBHIKHOTO
Kouplia (mosi3yHa) 1 pacnonoeHbl 3aMKHYThIE KAMEDH 2, @ Ha HOBEPXHOCTH OMOPHOTO JTUCKA
3 HECKONBKO IOJBOJIAIINX KaHAIOB 4, KOTOPBIE IIPH BPaIllEHHH YIIOPHOTO KOJIbIIA OCIEI0Ba-
TEJILHO COETUHAIOT KaMePhI 2 ¢ YIIIOTHAeMOH’ 1onocThio A. IIpuHIMN NeicTBUS HMITY TbCHOTO
YIJIOTHEHHS OCHOBAH Ha TOM, YTO NPH BpallleHUH pOoTOpa NOABOISIINE KaHAIH 4 IIEpHOIHYE-
CKH COOOIIAIOT KaMePhI C NIOJIOCThIO BBICOKOTIO JJABJACHMS 5, BCIEACTBHE YETO B HUX NPOUCXO-
JAT BCIUIECKH AaBJieHust (HMITYJIbChI), BBI3BIBAIOIHE H3MEHEHHE Oananca 0CeBbIX CHIL.

Cuitpl AEHCTBYIOT Ha aKCHAIBHO MOJABH)XHOE KOJIBIO, BCIEJNCTBHE YEro YIUIOTHAIOMIME
MOBEPXHOCTH TOPIIOBO# [apbl pa3/e/III0TCs TOHKAM c10eM pabodel cpefipl, TOIUHHA ero 3a-
BHCHT OT Pa3MEpPOB KaMep U IMHTAIOINUX KaHAJOB.

UTY OTHOCATCA K THITY CAMOPETYJIUPYEMBIX, B HUX BEIHYMHA TOPUEBOIO 3a30pa Bbl-
aepxuBaeTcs aproMarudecku. CaMoperynupoBaHHe 3a30pa OCHOBAHO Ha TOM, 4TO OCPEIHEH-
HOE 32 IEPHOA MeX Ty HOC/IEN0BATENbHBIMH BIIPICKAMH YIUIOTHAEMOH cpeibl IaBeHHE B KaX-
1011 U3 Kamep 2 TeM OoJiblle, YeM MEHbIIE TOPLEBOH 3a30p U 4eM OOJIbIIe YacTOTa BpallleHus
poropa. YBenHueHHe TOPIEBOTrO 3a30pa MPUBOIUT K YMEHBIIEHUIO OCPEIHEHHOTO [IABJICHHS B
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3THX KamepaxX H K HapylIeHHuIo OanaHca Cul, JeHCTBYIOIMX Ha aKCHATBHO NOABHOKHBIN 371e-
MEHT. B pesynpraTte 3TOr0 KOJIBIO HepeMelaeTcs B CTOPOHY OMOPHOTO JMCKA M TOPLOBBIN
3a30p YMEHBIIAETCSI 10 TEX MOP, IIOKa JaBJICHHE He BO3PACTET HACTONBKO, YTOOBI BOCCTAHOBHTH
paBHOBECHE OCeBBIX CHII. [Ipy oTCyTCTBHM BpallleHHs poTopa ¥ HAIMYUH JABJIEHHS YIUIOTHsE-
MOH CcpeZbl TOPLOBBIH 3a30p 3aKphIBAcTCs U YIJIOTHEHHE paboTaeT KaKk CTOSTHOYHOE.
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Puc.1 - Tpanunuonnas KoRcTpyKTHBHas cxema UTY

XapakrepHoil ocobennoctrio UTY sBnsgeTcs To, YT0 MEKPO3a30pHI B Tape TPeHUS 10-
CTHIalOTCA 3a CYET MAaKpOT€OMETPHH TOPLIOBHIX MOSICKOB, T.€. pa3Mepsl (IIUpUHA, ITyOHHA U
JUIMHA) KaMep U MUTAIOLIMX KaHAJIOB HCUUCIIAIOTCA B MHJUTMMETPAX ¥ BO MHOTO pa3 IIPeBOCXO0-
JAT pa3sMepHl 3a3opa. IIpu 5ToM H3MeHeHue pa3MepoB KaMep U NUTAIOMIMX KaHAJIOB B PE3yJib-
TaTe 3PO3MOHHOIO MM aOdpa3sMBHOTO M3HOCA HE OKA3HIBAeT CYIECTBEHHOTO BIMSHUSA Ha BE/U-
YHHY 3a30pa H, CJIeJOBAaTEIHHO YTCUKH.

TpapummonHo kxonpna UTY HM3roTraBIMBaiMCh W3 CHIMIUPOBAHHBIX I'PaQHUTOB, YTO
HaKJIaJbIBaJIO OIIPENENICHHbIE OTpaHHNYEHNs Ha 00JIaCTh UX NPUMEHEHHS, CKOPOCTh CKOJIBXKE-
HUS M BEIMYHMHY YIUIOTHAEMOIO JIaBJICHUSA. DTH MaTepUanbl IOPOTH, HIMEIOT HU3KYIO YIapHYIO
HPOYHOCTH, IOABEPKEHDI PACTPECKUBAHUIO 1O IEHCTBHEM CIJIOBBIX M TEIIOBBIX HAIPY30K
[2].

HNTY na xHuIxocTHON cMa3Ke HCCIEeNOBaHbI B IIMPOKOM JIHANa3oHE IIapaMeTpOB pe-
XKHMMa: YIUIOTHsIeMBbIi nepenan aaeieHuit mo 16,0 Mlla, ckopocts ckommxenus no 100 m/c.
bnarozmaps cBoMM BBICOKHM 3KCIUTyaTallHOHHBIM KA4YeCTBaM, OHH YCIIEITHO paboTAaoT B BHICO-
KOOOOPOTHBIX MUTATENBHBIX HACOCAX aTOMHEIX H TEILTOBHIX 3JIEKTPOCTaHIMHA. B cpemneM ux
HapabOTKa MeXIy IUIaHOBHIMH PEMOHTaMH HACOCOB cocTaBisieT He MeHee 8000 4, mpu 3ToM
creneHp W3Hoca mpu nyTH 10° kM octaercs B mpesenax 1 - 2 MKM, 4TO ISt y3]I0B TPEHHS Xa-
pakTepu3yeTcs Kak HyneBoHd u3Hoc. Ilpu Tunwuneix ycnoBusx pabots! (maBinenue 2,0 - 4,0
MIIa, oxpyxuas ckopoctb 40 - 60 M/c) ypoBeHb yTe4kn cocTaBiset Beero 1 - 2 i /4 [3].

B [4] npoBenen ananu3 paboTHI 3aTBOPHOTO UMITYJIHCHOTO YIIOTHEHUS. OTMEYEHO, YTO
NPUMEHEHHE TaKUX YIUIOTHEHHUH MO3BOJISIET C3KOHOMHUTH 3HEPIHIO M PECYPCHI, a TAKXKE IIOBBI-
CHTB 3KOJIOTMYECKYIO O€30IacHOCTh HACOCHOTO W KOMIIpECCOpHOTro obopynoBaHus. B Heko-
TOPBIX arpeCCUBHBIX Cpeliax, I/ie IPUMEHEHNEe B pa3beMHBIX COEJUHEHUAX YIUIOTHEHHH U3 He-
META/IMYECKHX MaTepUaJIOB OFPAaHUYEHHO WM HEBO3MOXHO, IPUMEHSIOT METaTIMYecKHe
YIUIOTHEHHS.
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Hapnexnocts u poiropeydocts UTY 3aBHCHT OT BeIHYHHBI 3a30pa MEXY HOBEPXHO-
CTSIMU TPEHHS ¥ OT NapaJUIEIbHOCTH IIOBEPXHOCTEH TOPLIOBOM Napsl. 3a30p MEXKAY TPYIIUMHUCS
[IapaMH 3aBUCHT OT OOJBINOro KOJIMYecTBa (PaKTOPOB: YCIOBUH 9KCILTyaTallMd (JacTOTHI Bpa-
IIEHUs U Ieperiajia IABJICHHS ), BEJIMYMHB] [IOJDKATUS, TEIUIOPHU3NIECKUX CBOHCTB YILIOTHsIe-
MO# KXHJIKOCTH, XapaKTePUCTUK MaTepuasia, F€OMETPHH YINIOTHUTENBHBIX KOJEL, CHJIOBBIX U
TeMmieparypHsIX Aedopmanuii. sMeHeHnE 3aIlMUTHEIX H TPUOOIOTHYECKHX CBOMCTB NOBEpPX-
HOCTeH JeTaneii MOXHO JOCTHYH 32 cYeT 00pasoBaHms CIIEIUATIBHOTO pelbeda IOBEPXHOCTEH
nap Tpesus [5, 6].

Pacmiapenune 06;1acTH IPUMEHEHHS HMITYIbCHBIX YIUIOTHEHUH B CTOPOHY NOBBIIIIEHUS
PEXHMMHBIX apaMeTPOB BbI3BATO HEOOXOMUMOCTE CO3/1aHMs HOBBIX, KOMIIO3UIIHOHHBIX MaTe-
pHAIOB THIIA OCHOBA - TIOKPHITHE)», COUETAIOINMX 3alllUTHBIE CBOWCTBA NMOKPBHITHH C MEXaHH-
YECKOW IPOYHOCTHIO OCHOBEL

IlepCrieKTHBHBIM IIyTEM MOBBIIEHUS H3HOCOCTOHKOCTH Konely UTY moxer Ov1th dop-
MHpOBaHHe Ha pab0oYNX TOPIOBBIX IMOBEPXHOCTAX METOAOM 3IEKTPOIPO3HOHHOTO JETHPOBa-
Hus (32J]) KBa3UMHOTOCJIOMHBIX OKPBITHH, COSMHAIOMUX B ce0e cMa3bIBAIOIIUE U aHTHH3-
HOCHBIE CBOMCTBA. TaK¥MH MOKPHITHSIMHI MOT'YT OBITH KOMOMHHPOBAHHBIE YIEKTPOIPO3UOHHBIE
noxpsrtus (KOII), coueraromue B cebe TBep/Ible H3HOCOCTOMKUE U MATKHE aHTH(PUKUMOHHBIE
Mmarepransl. B [7] npeanoxed HoBbli cioco6 DDJI, oTAHYarOIUKCS TeM, YTO C LEJIbIO IOBbI-
IIEHHsT M3HOCOCTOMKOCTH W YMEHbBIIEHHS IIEPOXOBATOCTH IMOBEPXHOCTH, CHAYalna HAaHOCIT
CJIOM HMOKPHITHS AaHTH()PUKIIMOHHBIM JIETKOIUIABKAM METAIIOM, a 3aTE€M CJIOH MOKPHITHS U3 U3~
HOCOCTOHKOTO BEICOKOTBEPAOTO MeTasa.

Jlist yBenudyeHus TOJIUHBI U CIUIONIHOCTH ITOKPBHITHS OBUTH HpPeAJIoKeHbl KBa3HMHO-
rOCJIOMHBIE KOMOMHHPOBAHHBIE JNIEKTPOo3po3HoHHbIe NOKpbITUs (KOII), hopmupyemsle B mo-
cnegosarenprocti BK8 + Cu + BK8. Hanbonee npeanoururensusv seisiercs K311, rae nep-
BBIN ¥ Hoceauuit ¢iou U3 TBeporo cinasa BK8 Hanocsres nipu Wu=0,2 JIx, ameas—~ 0,08
JIx. B 9TOM ciiydae TOJHIHHA YIIPOYHEHHOTO €104 yBen4yuBaetrcs 10 30-40 MKM, MUKpPOTBED-
aocTh Haxomutcs Ha ypoBHe 8740 Mlla, a cinomiHoCTh cocrasister 100% [8].

Opnako TommuHa moKpeiTus 30-40 MKM Taxke HeT0CTaTOUHA A1 GONBIIHHCTBA KOTEI
TopieBbIx yiotHeHu#. CoriacHo [9], st CHIKEHHS CTOMMOCTH YIUTOTHEHHH LEeJIeCO00pa3Ho
H3rOoTaB/IMBAThH KOJIbIA TPYHICHCS Naphl U3 JCUIEBbIX METAIIOB U IIPH 3TOM BBINOJIHATE AHTH-
(PUKIIHOHHOE U3HOCOCTOWKOE IOKPBITHE TPYMIMXCSA NOBEPXHOCTEH. [IOKPBITUS BBIONHAIOT
IUTa3MEHHBIM HANBUICHUEM IOPOIUKOB M3 OKCHJIOB aIOMUHMS M XpOoMa, KapOUJ0B BOJIb-
¢dpama wir xpoMa. ToNIHHA 3THX NOKPBHITHH COCTABIAET OOBIMHO AECATHIE JHOIN MUJLTAMETPA.
KpoMe HamblUIeHHs, TOKPBITHS KOJIEL] BBIIOIHSIOT IalbBaHUYECKUM CIOCOOOM HITH TEpMO06-
pabOTKOMH: XpOMHPOBaHHEM, OKCHTUPOBAHHUEM, a30TUpOBaHueM U Jip. [1pu a3roM kapOun BoJTb-
¢dpama ¢ KOGATIHTOM B Ka4eCTBE CBSI3KH HMEET OrPAaHUYEHHOE IPUMEHEHHE, B OCHOBHOM JUIS
abpasuBocoepxamux cpea. KobansT MMeeT HU3Ky10 XMMHYECKYIO CTOMKOCTE — pacTBOPSETCS
Jlaxe B JUCTHIUIHPOBAHHOH BOJE, TO3TOMY €0 HEJIb3s IPUMEHATH B anfiaparax MAIIEBo# 1po-
MplieHHOCTH. KoGansToBas CBs3Ka KoJjell U3 KapOuI0B BOJb(dpaMa 1o BepracTcs CHIBHON
KOPpPO3HH B MOPcKoi BoJie. IIpu 3TOM HanMuKe B IOKPHITUH JJaKe HE3HAYUTEILHOTO KOJIHYe-
ctBa (10 8%) xobanbTa NpH ONpe/IEIEHHBIX YCIOBHSIX MOXKET HETaTUBHO CKa3aTbCs Ha €ro U3-
HOCOCTOMKOCTH.

Onnum u3 nocronHceTB Metoaa DIJ1 ABiseTcs BO3MOXHOCTS B IIMPOKUX NpeeNiax ui-
MEHSTh MEXaHHYECKHE, TEPMUUECKUE, IMCKTPHYECKUE, TEPMOIMICCHOHHBIC U JPYTHE CBOM-
cTBa pabounx nosepxHocrel Aetaieit [10]. braromaps stoMy M0OXHO obecnieduTs paboToCHo-
COGHOCTH YINIOTHEHHUS B CPEAax C BHICOKOH KOPPO3UOHHOH M XMMHUYECKOH akTHBHOCTHIO. Ha
Ka4ecTBO GOpMHPYEMOro HOBEPXHOCTHOTO CIIOS OKa3bIBAIOT BIUABME pa3Id4Hble apaMeTphl:
TEXHOJIOTHYECKHE PEXUMBbI 000pYIOBaHMsI, MaTepHaIbl OCHOBHI U IEKTPOJHOTO MaTepHaria,
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BpeMst 00paboTkH H T.I. B cBo10 o4epenp, BhIeyKa3aHHBIE (HPaKTOPHI ONPENEIIAIOT TAKKUE Ka-
4eCTBEHHbIE TapaMeTPhl IOBEPXHOCTHOTO CJIOS, KaK MHKPOTBEPOCTD, IITyOHHA YIIPOYHEHHOIO
CII04, IIEPOXOBATOCTh NMOBEPXHOCTH. OMHAKO VIS JOCTHXKECHHS TPEeOYEMBIX IapaMeTPOB TOY-
HOCTH paboyell MOBEPXHOCTH, IapaMeTpa IepOXOBAaTOCTH, HEOOXOAMMO NIPUMEHEHHUE JOMOII-
HHUTEJILHBIX METOJIOB 0OpabOTKH, B KaueCTBE KOTOPHIX paCCMaTPUBAIOTCS [Ba METO/a (puHHMII-
HOM 06paboTku: mumdoranue (11JI) u ynerpassykosas obpabotka (YO) MeTonom bYDO.

TaxkuMm 00pa3zoM, KeIbI0 paboThHI ABJIAETCA YIYUIIEHHE MapaMeTpoB pabouMX MMOBEpX-
HOCTEH CTaJIbHBIX KOJIELl UMITYJILCHBIX YIUIOTHEHHUIH, BIUSIOINMX Ha UX U3HOCOCTOMKOCTD.

Meroanka nccnegoanuii. TounmHy Cl10sI HOKPBITHA H3MEPSUIA MHKPOMETPOM, 4 Iie-
POXOBATOCTh NOBEPXHOCTH - Ha mpubope mpodunorpade-npodunomerpe moxa. 201 sasona
«Kamubp» nyreM cuatus u obpabortku mpodunorpamm. CTpyKTyphl MOBEPXHOCTHOTO CJIOS
H3ydand Ha onTH4YeckoM MHKpockore «Heodot-2», riae npoBoauiacey OLeHKa Ka4ecTBa CIIos,
€ro CIUVIOIIHOCTH, TOJNIIMHBI ¥ CTPOEHUS 30H moacnos. OXHOBPEMEHHO Ha MHKPOTBEPAOMEpE
[IMT-3 npoBoanIH JIOPOMETPUUECKHI aHANI3 HA pacIpe/ie]IeHHe MUKPOTBEPIOCTH B IIOBEPX-
HOCTHOM CJIO€ U 11O rTyOuHe miga oT noBepXHOCTH. J[1 HccneqoBaHus BIMSHUA BpEMEHH
JIETHPOBAHMsI Ha KaU€CTBEHHBIE TapaMeTphI IIOBEPXHOCTHOTO CJI0S IIPH LIEMEHTALHNH 3E€KTPO-
3po3HOHHBIM JlerupoBanueM (1{33J]) ucnonp3oBasucy 00pa3lpl U3 Pa3NHYHBIX MAaTEPUATIOB:
apMKo-xenesa, ctamu 12X18H10T, craneit 30X13 u 40X. B xadecTBe aHOJAa MCIOJIB30BAIH
yraepon (rpadur mapku JI'-4). O6pabotka BYPO ocymectBnsinack Ha 6a3e TOKapHO-BHUHTO-
pe3Horo cranka 16K20 ¢ npuMeHeHHEM MarHUTOCTPUKIIMOHHOTO npeobpasoBarens [IMC-39
U ynpTpa3ByKoBoro rereparopa Y3VY-030. I1932J1 nporoauiack Ha ycraHoBKax «OMJI-8A» u
«OWJI-9» npu sueprusx pazpsana 0,6; 2,6 u 4,6 JIx.

Obcyxnenue pe3yabTaToB. [l penneHus yka3aHHOH TEXHHYECKOH 3alaud Ipeio-
XEH CIIOCO0 MOBBIIICHUS H3HOCOCTOHKOCTH paboUHX MOBEPXHOCTEH CTAIBHBIX KOJIEL HMITYJIhb-
CHBIX TOPLOBBIX YIIJIOTHEHHH, BKJIIOYAIOINH, Kak U B [8], HaHeceHne Ha HUX KBa3HMHOTOCIION-
HBIX KOMOWHHMPOBaHHBIX 3JIeKTpo3po3uoHHBIX nokpeitit (KOII) cocraBa, dopmupyeMoro B
nocnenopatensHocTd BK8 + Cu + BKS8, B xotopoM cron KOII HaHOCAT A CHHOKEHHEBIX II0-
Ka3aTeJsIX SHEPrHil pa3psloB, a nepea HanecenueM KOII paboune moBepxHocTH 006pabaThi-
BatoT MetojoM L123J1 npu sueprum paspsiaa B quanasone 0,036...4, 6 JIx, npu 3TOM TOJNIIHHY
CJI05 NOBBINIEHHOH TBEPIOCTH YBEIMUMBAIOT Ha ToMIuHY ciiost LIODJ1. Ilpuyem, IO moryT
IIPOBOJUTH NIPH BapbUPOBaHHH pa3psaia B auamnasone 0,036...1,41 J[x 6e3 1onoIHATEIBHON
00paboTkH, IpH BapbHPOBaHKK pa3psja B Auamnazone 1,41...2,83 JDx ¢ AONONHUTENBHOR 06-
paboTko#i MmerogomM BY®O, a Tarke nmpu BappHpOBaHUM pa3psja B auanasone 2,83...4,60 JIx
C NONOJHUTENBbHOM 00paboTkoit MetooM BY®O n mnudoskoi. Kpome T0oro, nepsulii u mo-
cneqHui cnou u3 TBepaoro ciasa BK8 Moryr manocuts npu sHepruu paspsaa Wu = 0,1, a
ciio# u3 Menu - npu Wu = 0,04 Jhx.

HcnonpzoBanne metona 1{D3JI, xorma npu 32J1 B xadecTBe 3/IEKTPOJIa HCHONB3YIOT
rpadut (yruepon) obecrneynBaeT:

e joctixenne 100% cromHoCcTH ynpo4HeHHs TOBEPXHOCTHOTO CJIOK;

® [OBBINICHHE TBEPAOCTH HOBEPXHOCTHOTO CIOS ATl 3a c4eT AU HY3HOHHO-3aKaN0YHBIX
NPOIECCOB;

® JIETHPOBAHUE MOXHO OCYIIECTBJIATH B CTPOrO YKa3aHHBIX MECTaX, He 3alllHIlasd IIPH 3TOM
OCTabHYIO TOBEPXHOCTDH AETAIH;

® OTCYTCTBHE 0OBEMHOr0 HarpeBa JeTailH, a ClieI0BaTeIbHO OBOAOK M Kopobnenuii [11].

IpumeHeHHe 3a9BNsIeMOro cHoco0a 03BOJIIET, BAapbUPYs pa3psijl IPU OCYIIECTBICHUH
onepauuu [[DDJI B muanazone 0,036...6,8 JIx, GpopmMupoBaTh CIOH pabOYHX MOBEPXHOCTEH

CTAJIBHBIX KOJIEI] HMITYIbCHBIX TOPHOBBIX YILUIOTHEHHH NOBBIIIEHHON TBEPAOCTH TOJIIHHOM OT
4-5 no 320-350 MKM.
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MHEKpOCTPYKTYpS! YIPOYHEHHOIO MIOBEPXHOCTHOTO CII0S 00pa3lioB U3 apMKO-XKeJjesa,
cramua 12X18H10T, cramu 30X13 1 cranu 40X npu sHepruu paspsaa Wp = 1,41 JIx u BpemeHu
NerupoBaHus | MHH/CM?, IPHBE/IEHbI HA PHC. 2.

Pnc.2 - MHKPOCTPYKTYpa NOBEPXHOCTHOTO cj1ost 06pa3nos nocae I{IIJI
a— apMKo-xene3o, X 250, narpyska P=0,02 H; 6 - crane 12X18H10T x 400, narpyska P=0,05 H;
B — ctaab 30X13 x 400, Harpyska P=0,02 H; r- crans 40X x 200, sarpyska P=0,05 H.

Huoxe B TaOnuiiax npeacTaBiIeHbl pe3yabTaThl IPOBEACHHBIX HCCIIEOBaHHM.

[IlepoxoBaTOCTh NOBEPXHOCTH, HE3ABUCUMO OT HUCCIIEyeMOT0 Marepuasa, ¢ MOoBbIIIe-
HHEM SHEpPIruH pa3psja Bo3pacraer (cM. Tadm. 1).

Kpowme toro, B Tabiauiuax npecTaBlieHbl JaHHbIE 001Nel rIyOHHBI YIPOYHEHHOTO COs
M MakCHMMaJIbHOH MHKPOTBEPJOCTH Ha MIOBEPXHOCTH MCCIEAYEMBIX 00pa3oB B 3aBUCHMOCTH
OT DHEPruy paspsna.

C yBenuuyeHHEM 3HEPruy pa3palia yBelH4UuBaeTcs IiyOrHa ypouHeHHoro cios. Hesa-
BHUCHMO OT HCCIIEAYEMOTo MaTeprana 1 pexxuma [{I3J] MEKpOTBEpAOCTE YIIPOYHEHHOTO CIIOS,
MaKcHMaJibHas Ha OBEPXHOCTH, IO Mepe YTyOIeHUs IIaBHO CHIDKACTCA U NIEPEXOIUT B MHK-
pPOTBepAOCTh NOATIOXKKH. ClleAyeT OTMETUTh, YTO CIUIOLIHOCTH YIIPOYHEHHOTO CJIOS Ha BCeX
uccnenyeMoix oopasuax 100%.

H3zBectHO, uto 11 popmupoBanus npu IIJ] kaueCTBEHHBIX MOKPHITHH HCXO/IHAs 1IIe-
pPOXOBATOCTh TOBEPXHOCTH HE JOJDKHA TIpEBBHUIATH Rz < 6,3 MKM, YTO COOTBETCTBYET
Ra ~ 1,2 mxwm. [12]. [Toaromy 11D3J] B kadecTBe npeiBapuTENbHON OTIepaIliy, COTIACHO Hpei-
jiaraeMomy crocody, MOXHO IPOX3BOIUTH Oe3 JOMOTHUTENBHOM 00pabOTKH TONBKO UL IPH
3HEPruy paszpsajaa B nuanasone 0.036...1,4 [x.
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Tabmuna 1
Pe3ym;ra’ru HCCJIENOBAHHA 06[)331103 H3 pa3’HbIX MaTepHa/l0B
& . S =) o
§as : g g g g 2
= | §E5 | E= Pz E
= mog = 5 8 s T % d
5 2 = 5 2 2
o = O = o
& O S =
1 2 3 4 5
Cmane 12X18HI10T
0,5 30 950 0,8-0,9
1,41 71 900 1,0-1,6
2,83 1 96 840 5,5-6,3
3.4 101 870 8,3-8,5
6,8 115 900 11,9-14
0,5 48 1013 0,9-1.0
1,41 134 1101 1,2-1,7
2,83 5 200 974 5,8-6,7
3.4 210 960 8,6-8.8
6,8 250 1100 11,9-14.1
0,5 51 1006 0,9-1.1
1,41 145 995 1,4-1,9
2,83 10 220 930 5,8-6,9
34 230 1001 8,6-9.1
6,8 275 1050 12.3-15
Cmans 40X
0,5 35 950 0,8-0,9
1,41 146 900 1,0-1,6
2,83 1 215 980 5,5-6,3
3.4 230 960 8,3-8.,5
6,8 270 1010 11,9-14
0,5 50 987 0,8-0,9
1,41 377 993 1,1-1,7
2,83 5 658 1001 5,6-6,5
3,4 722 997 8,7-8,9
6,8 910 1050 11,9-14.1
0,5 55 1002 0,9-1.0
1,41 424 989 1,2-1,8
2,83 10 757 1100 5,7-6,8
34 833 1050 8,5-9.0
6,8 1060 1001 12.1-14.3

48



TexniyHHI cepBic arpoNPOMHCIOBOTO, JICOBOI0 T2 TPAHCIIOPTHOr 0 KOMIUIEKCIB
Technical service of agriculture, forestry and transport systems ~ Ne5’ 2016
—
[ponomxenue Tabn. 1

1 2 3 4 5
Apmxo-oiceneszo
0,5 30 950 0,8-0,9
1,41 71 900 1,0-1,6
2,83 1 96 840 5,5-6,3
3,4 101 870 8,3-8,5
6,8 115 900 11,9-14
0,5 37 985 0,9-1.0
1,41 163 970 1,2-1,6
2,83 5 245 1002 5,7-6,7
3,4 262 1006 8,6-8.9
6,8 310 1070 11,9-14.1
0,5 38 991 0,9-1.1
1,41 173 1006 1,5-1,9
2,83 10 261 1050 5,7-6,9
3,4 281 959 8,7-9.1
6,8 333 1040 12.4-15
Cmane 30X13
0,5 34 1050 0,8-0,9
1,41 134 978 1,1-1,5
2,83 1 196 909 5,8-6,3
3,4 209 1072 8,0-8.5
6,8 245 1027 11,9-14
0,5 48 1020 0,8-1.0
1,41 358 1005 1,2-1,7
2,83 5 623 1100 5,9-6,7
3,4 684 993 8,7-8,8
6,8 860 1000 11,9-14.1
0,5 50 995 0,9-1.1
1,41 405 1002 1,4-1,8
2,83 10 720 1040 5,8-6,8
3.4 795 1080 8,6-9.0
6,8 1006 1100 12.3-14.9

PesynbraThl Hcclie0BaHHH Ka4eCTBEHHBIX IapaMeTpOB OBEPXHOCTH 00pa3loB NpHBe-
JeHel B Tabnuuax 2 u 3.
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Tabnuua 2
KauecTBennble napamerpni o6pasuor nociae [I[I3J1
OHeprus Bpems nerupo- O6mias riry- lepoxosa-
paspsna, BaHHUA, MUH 6uHa cnog, Muxkp og\&;pnocrb, TOCTB
JIx MKM Ra, Mmxm
Cmans 40X
0,6 50 987 0,8-0,9
2,83 5 658 1000 5,6-6,5
4,6 910 1050 11,9-14,1
Cmano 12X18H10T
0,6 48 1013 0,9-1,0
2,83 5 200 974 5,8-6,7
4,6 250 1100 10,0-14,5
Tabnuna 3
KavecTBenHbIe napamMeTphl NOBePXHOCTEH 00pa3LOB NPH HCIOJIbL30BAHHH
HHTErPHPOBAHHBIX TeXHOJOrHi
= 'S g 4 : : -
o g § z S 3 E z 3 8
o 8 S e = o > m = EM =g > RS
2 g = O w | Bm| 2 3 OB | g
a. o 2 8 ¢S o o) Q‘g dT S| o S 52
= 8 & = S £ o =| 5| & £
= o © ) é’ © = é
& S © = © >
o O
o = mane 40X Cmane 12X18HIOT
[I22JI+YO 50 980 0,2 50 880 0,2
0.6 HI2JI+YO+UIII 40 920 0,6 48 841 0,6
’ L3I+ 10 780 0,6 18 723 0,6
H23J1 50 987 0,8-0,9 48 1013 0,9-1,0
[I2B3JI+YO 657 920 0,8 210 970 0,8
583 HI3JI+YO-+IILI 635 895 0,8 195 950 0,8
’ HO3JI+1JI 580 770 0,8 130 790 0,8
H23J1 658 1000 | 5,6-6,5 200 974 5,8-6,7
HO2JI+YO 908 854 0,8 244 985 0,8
46 H3JI+YO-+HIJI 895 840 0,8 220 875 0,8
’ L3I+ 856 824 0.8 110 670 0,8
1DB3JI 910 1050 | 11,9-14,1 250 1100 | 10,0-14,5

Taxum o6paszom, mepen HanecenueMm meronoM IDJI nokpeitus coctasa BK8 + Cu +
BK8 nenecoobpazuo npouseoauts D3]] npu cnemyromux sHEPrusax paspsaaa:
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- 0 1, 41 JIx - 6€3 IOTIOMHATENbHOH 00paboTKH;
- 10 2,83 JIx ¢ nonoaHuTeNsHOH 00paboTkod MeToioM BYDO;
- 10 4,6 JIx ¢ mononautensHOd 00paboTkol MeToioM BY®DO u numidoskoii.

I[Tpu sueprum paspsaa 6oneie 4,6 Jbx LIDIJ] npoBoauTh HEXETATENBHO U3-33 YXY I~
IIEHHS KaYeCTBA IIOBEPXHOCTH, 2 HMEHHO, BHICOKOH LIIEpOXOBATOCTH, HEOCTATOYHOM CILIONI-
HOCTH 00paboTaHHOM MOBEPXHOCTH M T. I, @ TAK)KE M3-3a OBICTPOTO pa3pyIlICHHUS 3JICKTPOIA.

C uenslo yJIydeHus: KaYeCTBEHHBIX XapaKTepHCTUK GOPMUPYEMBIX TTOBEPXHOCTHBIX
ci10eB uccieaoBanucy kpasumHorocnoitasie K311, chopmuporansbie no cxeme BK8 + C, +
BKS8. Iloxperrus HaHocuiay Ha obpasnsl u3 cramy 40X, xoTopeie noasepranuck [{33J] npu
sHeprud paszpsga Wu = 0,6 Jx.
IlepoxoBaTocTh chOpMHUPOBAHHOrO cos Ipu DDJI 3HAYUTENHFHO 3aBHCHT OT BeJjIH-
YMHBI HCXOAHOM IIEPOXOBATOCTH IOBEPXHOCTH, IPHUYEM, YEM BBIIIC UCXOJHAS, TEM BEIIIE KO-
HeyHasd. Y4YHTHIBas TO, YTO TO, 4To nocie 1[33J1 mepoxopaTrocTs noBepXHOCTH 00pa3LoOB 1Io-
BhImIaeTcs ¥ cocrapisieT Ra = 0,8 - 0,9 MxmM, a Taroke T0, 4To npu Bo3aekctrur Ha L{D3J1 cnoit
B 30HE TEPMHUYECCKOTO BIUSHHSA MOXXET IIPOU30HMTH OTIYCK, YTO NPHBEAECT K HEraTHBHEIM IO-
CJIEACTBUAM (CHHOKCHHIO MHUKPOTBEPAOCTH M TOJIIMHBI YIPOYHEHHOTO CJI0S), EPBIA CIOMH
TBepaoro cinasa BK8 sanocnmu npu suepruy paspsana Wu = 0,1 JIx, mensuiett ueM B [8], rae
Wu =0,2 JIx. Bropoii cioii (Meap) u Tpetuil (TBepaslii crutaB BKS8) - Hanocumm Ha pasniuubix
pexuMax (cM. Tabmn. 4).

Tabmuua 4
PesyabTaThl MeTannorpadnieckux ucciueaopannii K311
Tommusa, MukpoTBEpAOCTS,
M DHeprus MKM MIlla Illepoxo-
arepuain
3neKTpoaa paspara, Hepexvon- MEePEXOAHOH PATocts
Wu, JIx | cros HO# 0t Ra, Mmxm
SOHEL 30HBI
BK8 0,1
Cu 0,04 no 15 60-65 6500-9600 7500...9800 0.3
BK§ 0,1
BK8 0,1
Cu 0,08 o 15 60-65 6420...7570 1 7500...9580 0,5
BKS 0,1
BKS 0,1
Cu 0,08 o 15 no 60 5520...6970 | 6480...9300 0,8
BKS 0,2
BKS 0,2
Cu 0,08 1o 20 o 60 6330...8740 | 6030...9500 0,7
BKS8 0,2

[ns cpaBuenus, KOII nanocmn Ha pexxumax [8].

JlanHbie Tab1. 4 CBUACTEILCTBYIOT O TOM, YTO HanboJjiee IPEAIOYTUTE/IbHBIM ABIIAETCS
KOII, xorna nepBbiii ¥ MOCIENHUH CI0M H3 TBepaoro ciiaasa BK8 HanocuiHch npu sHepruu
paspszaa Wu = 0,1, a npomexxyTounslii (mens) — nmpu Wu = 0,04 Tx.
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BriBonnr:

1. Tlpeanoxen HOBBIH crnoco0 MOBBHINEHUS H3HOCOCTONKOCTH pabouMX NMOBEPXHOCTER
cranbHbIX Kostell UTY, koTopslil BIIOYaeT HaHeceHHe Ha HUX KBasuMHorocioineix K3II co-
cTaBa, chOpMHPOBAHHOTO B nocienosarensHoctd BK8 + Cu + BKS8, npu sToM nepen Hanece-
nueM KOII paboune nosepxnoctu obpadarsiBator 1[23J1 mpu sHEpruM paspsia B AuanasoHe
0,036 ... 4, 6 JIx, nprdem, TONIMHHY CIIOS MOBBIIEHHONH TBEPAOCTH YBEINYHMBAIOT HA TOJILIHHY
croa 1190JL

2. Meramnorpaduueckue uccnenoBanns KOII mokazamu, 4To U1 CTaIbHBIX IIOATIOKEK
HauboJlee peAOYTHTEILHEIM SBJsieTca NoKphITHEe cocTaBa BK8 + Cu + BKS, korna nepselif
U TOCNIeIHUH cnon u3 TBepaoro ciuiaBa BK8 nanocaT npu auepruu paspsaga Wu = 0,1 Ik, a
menp 1pu Wu = 0,04 JDx. MEKpOTBEpAOCTh MOBEPXHOCTHOTO CJOSl TAKMX HOKPBITHH Haxo-
JMTCS Ha IOCTAaTO4YHO BhIcokoM ypoBHe (H, = 6500...9600 MIla), mepoxoBatocTs HH3Kas (Ra
= 0,5 MKM), MUKPOTBEPAOCTh OT MAKCHMAIBHOM Ha MOBEPXHOCTH IUIABHO CHMXKAETCS IO Mepe
yrinyOneHus 40 TBEpIOCTH OCHOBHOTO METalIa.
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Summary

V.Tarelnyk, A.Zhukov, le.Konoplianchenko, A.Belous, T.Voloshko, Increase
reliability of impulse face seal

Explosive technology development is followed not only by operating machine parameters
increase but also by the existence of new, cheaper but not less reliable composite materials, com-
bining surface protective properties with mechanical base strength.

Presented in the article technical solution relates to the field of electrophysical and electro-
chemical machining, particularly to electroerosion alloying, and can be used for surface processing
of impulse face seal (IFS) elements.

Set the way of the IFS steel rings working surfaces wear resistance increase, which consists
of coating of quasi-multilayers combined electroerosion covering (QCEC). A newmethod of work-
ing surfaceswear-resistance increaseof impulse face seal metal rings was proposed, which includes
QCEC application of the alloy formed in the sequence of BK8+Cu+BKS, herewith the working
surfaces before the application are processed with cementation with electroerosion alloying with
energy discharge in the range of 0.036...4.6 J, provided that the hardened layer thickness is in-
creased by layer thickness processed with cementation with electroerosion dlloying.

Metalographic studies of QCEC have shown that the most preferable for steel supports is
the coating BK8+Cu+BKS, where the first and the last layers of solid alloy BKS8 are applied with
energy discharge Wu= 0.1 J, and the copper with Wu=0.04 J. The surface layer microhardness of
such coatings is high enough (H,= 6500...9600 MPa), low roughness (Ra= 0.5 micron), the micro-
hardness smoothly decreases from the maximum as penetration increases to hardness of the base
metal.

Keywords: impulse face seal, wear, surface layer, electroerosive alloying, microhardness

References

1. End seal with controlled leakage: A.c. 446695 USSR, MKH 23 P 1/12 /K.V. Lisitsyn,
V.A Martsynkovskyy, N.V.Periderii (USSR).-Ne 1827549/25-8; Applied 11.09.72; Publ.
22.06.74, Bul. Ne 7.- 2 p.

2. End seals for chemical machinery. / G. V. Antipin, M.T.Bannikov, A.D. Domashnev, etc.
— M.: Machine building, 1984.-112 p.

3. Moskalenko V.V, Lisitsyn K. V., Martsynkovskyy V.A. Characteristics and experience of
impulse end seals operation// Materials of the 6™ technical conference «Seals and vibration
reliability of centrifugal machinesy. - Sumy- 1991.- P. 41.

4. Martsynkovskyy V., Zahorulko A., Gudkov S., Mischenko S. Analysis of buffer impulse
seal // Procedia Engineering, Volume 39, 2012, pp. 43-50.DOI: 10.1016/j.pro-
eng.2012.07.006.

5. Bogdan Antoszewski. Influence of Laser Surface Texturing on Scuffing Resistance of Slid-
ing Pairs //Advanced Materials Research, V. 874, 2014, pp. 51-55.

6. Btasiak S., Kundera Cz. Numerical analysis of the grooved surface effects on the thermal
behavior of a non-contacting faceseal // Procedia Engineering, V.39,2012, pp. 315-326.

7. Method of electroerosion alloying of steel workpiece surfaces: Pat. 2524471. The Russian
Federation. MPKV23N9/00 / Martsynkovskyy V.S.Tarelnyk V.B.; Publ. 27.07.14, Bul. Ne
21.-10 p.

8. Tarelnyk V.B. Development of upgrading technology of the surface layers of impulse end
seals, operating in different environments, using electroerosion alloying// Materials elec-
tronic processing.- 2000.- Ne 4.- p. 7-11.

53



Texuiunmii cepBic arponpoMHCI0BOro, NiCOBOro Ta TPAHCIIOPTHOI 0 KOMILIEKCIB
Technical service of agriculture, forestry and transport systems ~ Ne5’> 2016
9. Melnik V.A. End seals of shafts: reference book.-M.: Machine building, 2008.- 320 p.

10. Electrospark alloying of metal surfaces/ Gitlevich A.E., Mikhailov V.V, ParkanskiiN.Ya,
Revutskii V.M./Kishinev: Shtintsa, 1985.- 196 p.

11. Patent of Ukraine for invention Ne 82948, 23C 8/00. Cementation method of steel work-
pieces using electroerosion alloying/ V.S.Martsynkovskyy,V.B.Tarelnyk, A.V.Bilous/
Publ. 25.03.2008, Bul.  Ne 10.

12. Lazarenko N.I.Electrospark alloying of metal surfaces.-M.: Machine building, 1976.- p. 46.

54



