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UPGRADING SMALL-SIZED TRIBOCOUPLING ON GAS CENTRIFUGE K4110

Krivina L.A., Tsareva I.N., Tarasenko Y.P. (Institute of problems of mechanical engineering of the Russian Academy
of Sciences - branch of Federal public budgetary scientific institution "Federal Research Center Institute of Applied
Physics of the Russian Academy of Sciences", Nizhny Novgorod, Russian Federation)

Has been investigated the influence of technological factors (arch current, partial pressure of nitrogen) on
structure, physicomechanical, tribological properties, and also size of wear of an ion-plasma coating of titanium ni-
tride, applied on regular details as a plug of friction couple "shaft - bearing" of the gas centrifuge K4110. Has been
revealed regularities of the above-stated sizes at reduction of parameters of an ion-plasma dusting.

[TonmMUMHUK CKOJBKEHUs, BHYTPU KOTO-
pOro Bpamaercsi Bajl poTopa LHEeHTpUudyru, ciy-
KHUT JUI OTPaHMYCHMS PE30HAHCHBIX KoJjela-
HUH, BO3HUKAIOIIMX BO BpPEMs €ro pasroHa Jio
HOMMHAJIBHOM cKkopocTH. PoTtop wnentpudyru
IPOXOAUT PE30HAHCHYIO 4YacTOTy B pEXUMeE
KBa3MCTAaTHUECKOTO Iepexoja B TeueHue 5...10
MuHyT. [Ipu crabunbHON paboTe mapa «Ioiy-
OCH—TIOJIIIUITHUK» HUMEET YBEIMYEHHBIH 3a30p
710 TAaKOTO 3HAY€HHs, P KOTOPOM OTCYTCTBYET
MEXaHMUYECKHI KOHTAKT JI0 U MOCIIe pe30HaHca.
B nporecce B3aumoieiicTBUS naphl MOBBIIIAET-
cst K03(p(pUIIMEeHT TpeHUs n3-3a SBJICHUS CXBa-
ThIBaHUSA. B pesynpTare yBenuuuBaeTcs cuia
TPEHHUsl, PUCK HENpoxoja LEeHTpugyrou peso-
HAHCHOI YacTOTHI, HE BBINOJIHACTCS TpeOOBaHUE
BBIJIEP)KUBATh MHOTOKpaTHble pa3roHsl. Ha-
Omomaercst aucOamaHc paboOThHl Mapbl «Baj—
HOJIIMITHUK», YTO MOXKET MPUBECTH K 3aBHCA-
HUIO POTOpA M HEBBIXO/IA €r0 Ha 3a/laHHYIO Yac-
TOTY BpaIlICHUS.

B kauecTBe aHTU(PUKLHMOHHBIX MOKPHI-
TUH MIMPOKO MPUMEHSIOTCS HUTPUAHBIE TTOKPHI-
tusi. IloBbllIeHNe MX KadecTBAa W HAAEKHOCTH
ABJISICTCS OJHOM M3 IJIaBHBIX 33734 MpHU pas3pa-
00TKE W BHEJPEHUHM YIPOUHSIOUIMX HOHHO-
IUTa3MEHHBIX TEXHOJIOTUH.

PesyabraTsl Hcciie10BaHUM

H3nococroiikoe mokpeiTue TIN HaHOCH-
JU METOJIOM HMOHHO-IUIa3MEHHOT'O HaIbLICHUS
(na ycranoBke BY-2MBC) Ha paeranu Ttumna
BTyIKU (pasmepoM J4,9x(J3,5%22.5 mm) u3
MHCTpyMEHTAIbHOU cTanu XBI' o cnenyromum
pexxumam: HanpspkeHue cmemenns Uq,=140 B,

Tok ayru l,: 120 A, 140 A, 180 A; napuuanbHoe
naBieHue azota Pyo B BakyymHoi kamepe: 0,04
u 0,06 ITa. HampuieHue MOKPBITHS MPOBOIUIH
npu  (UKCUPOBAHHBIX BpeMeHax o0O0pabOTKH:
OYMCTKA M AaKTHBAIMS TOBEPXHOCTH JAeTajnei
METO0/IOM MOHHON OGoMOapIupoBKU Ti" B uuku-
yeckoM pexxume — 5 ¢ (06paboTka) +5 ¢ (maysa)
U T.JA. 0 TIOJIHOTO OKOHYAaHMS Tpoliecca; HaHe-
cenue noncuos a-Ti — 10 MuH, Ha”HeceHHe I10-
kpbitus TIN — 50 muH.

Mukpoctpykrypy nokpeitist TIN uccie-
JIOBAJIM METOJaMHU ONTHYECKOU MeTaiiorpaduu
(mukpockon «Heodor 32») u 3JIeKTPOHHOI
MUKPOCKOTIHH (pacTpoBbrit MUKPOCKOTI
VEGA//TESKAN).

MHUKpPOTBEPIOCTh W3MEPSUIM HA MHUKPO-
tBepaomMepe [IMT-3 npu Harpyske 50r.  HUc-
IBITAHUS M3HOCOCTOMKOCTH M KO3 UIIMCHTA
TPEHUS BBITIOJIHSIIN Ha JIA0OPATOPHBIX YCTAHOB-
kax. [lpm wcciaemoBanuu  QPUKIIMOHHBIX
CBOWCTB Marepuajga HCIOJb30BaIM Ccdepuue-
CKuil uHAEHTOp U3 candupa. Benmnunny nznoca
OTIPENICIISITA TIPU CYXOM IOIEPEYHOM KOHTAKTE
BPAIAIOIIETOCs CTAIBHOTO CTEP)KHS —TUaMET-
pom ~8 MM ¢ Harpy3koit N=3 H B Teuenue pas-
JIMYHOTO BPEMECHHU.

MeroioM  3JEKTPOHHOW  MHKPOCKOIIUU
YCTAHOBJICHO, YTO TPHU BCEX PEXHMax HarlblIe-
HUS ToTydeHo mokpbitie TIN co cTosabuaToi
MUKPOCTPYKTYpO# 3EpeH. YCTaHOBJIGHA TEH-
JeHnus (OpMUPOBAHHS HAHOCTPYKTYPUPOBaH-
HbIX 3épeH TIN ¢ yMeHbIIEHHEM JaBICHUS pe-
AKIIMOHHOTO Tra3a U TOKa JyTH.

[Tonmy4yeHHBIC 3aBUCHUMOCTH HM3MCHCHUS
MHUKpPOTBEPIOCTH TOKPbITUHs TIN OT ToKa Ayru
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IpU Pa3HBIX MAPIHUATBHBIX AABICHHUIX a30Ta B
KaMepe MoKa3ayd, YTO MaKCUMaIbHOE 3HAUYCHHUE
H50H MOKPBITUS TIOJTy4eHo mpu Toke ayru 1,=120
A u cocraBiser ~1820 krc/mMm?. C yBenHUeHH-
emM Toka ayru a0 160 A Habmromaercs CHEDKe-
HUE MUKPOTBEPIOCTU MOKPBITHSL.

Hanecenue HUTPHIHOTO MOKPBITHS CIIO-
COOCTBYET MOHIKEHUIO KOdPPHUIIMEHTa TPEHUS
(puc. 1). Hanbutenne nokpeitust TIN, mo  pe-
xumy U,=140 B, Pnp=0,04 TIa, 1, =120 A
IPUBOANUT K YMEHBIICHHUIO KO3 (UIEeHTa Tpe-
HUs paboyeil moBepxHOoCTH mosyocu B ~1,4
pasa.

A T, 10

m ¢
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Puc. 1. H3menenue xosppuyuenma mperus

Ha puc. 2 npuBeieHbl 3aBUCUMOCTH OTHO-
CUTEJIBHOTO M3MEHEHUs BEJIMYMHBI M3HOCA OT
TOKa JYT'M TPU Pa3HbIX MaplHUaTbHBIX J1aBICHU-
SX a30Ta B Kamepe (A7 BpEMEHU BO3ACHCTBHUS
Ha MMOJyoch B TedeHue 5 muHyT). HanbGosnbiei
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M3HOCOCTONKOCThIO (B ~4 pa3a) o0iamaroT To-
KPBITUSI HUTPHUJIA THUTAHA, MMOJy4YCHHBIE TIPU TO-
ke ayru 120 A.
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Puc.2. 3asucumocmu 0mHOCUMENTbHO20 UIMEHEHUS.
BeNIUYUHRBL USHOCA Om moKa dyzu
npu pasHvlx napyuaibHvblx 0asleHusx a3zoma 6 Kamepe

BriBoabI

Ha ocHOBaHuu pe3ynbTaToB NPOBEICH-
HBIX UCCIIEIOBAaHUN pa3pabOTaH ONMTHMAJIbHBIN
pexxuM HambUIeHUs OKpbITHS TIN — Pyz =0,04
ITa, 11=120 A, Ucm=140 B, npu koTopom mpo-
UCXOAUT (HOPMHUPOBAHUE HAHOCTPYKTYPHUPO-
BaHHOTO croJjiouaToro mnokpeitus TIN, o6ia-
JAIONIETO ONTHUMAIbHBIM COUYETAHHEM MHKPO-
TBEpAOCTH, KOd(PUIMEHTa TPEeHUS U H3HOCO-
CTOHKOCTH.

Pa3paboTanHass TEXHOJOTUS BHEIpEHA
JUTsL TIOBBILICHUSI pecypca Mapbl TPEHUsS «Ball-
MOANIMITHUK» B MAaIIMHOCTPOUTEIHHON OTpac-
JIH.

MOJINPUILINPOBAHUE NOBEPXHOCTH CKOJIB)KEHUS
NETAJIM BBICOKOCKOPOCTHOM IAPHI TPEHUSI
TI'A30BOHM HEHTPU®YI'H K4110
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MODIFYING THE SLIDING SURFACE OF THE DETAIL FROM THE HIGH-SPEED FRICTION COUPLE
IN THE GAS CENTRIFUGE K4110

Krivina L.A., Tsareva I.N., Tarasenko Y.P. (Institute of problems of mechanical engineering of the Russian Academy
of Sciences - branch of Federal public budgetary scientific institution "Federal Research Center Institute of Applied
Physics of the Russian Academy of Sciences", Nizhny Novgorod, Russian Federation)

Has been investigated the structure, physicomechanical and tribological properties of a surface of sliding of the
needle which is a responsible detail of high-speed couple of friction of the gas K4001 centrifuge after ion-beam pro-
cessing. lonic implantation of C+ leads to modification of material at the expense of what microhardness increases and
the coefficient of friction of working part of a detail decreases.
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