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Tabnuya 4 — 3HaueHus yaenbHON NOBEPXHOCTHON SHEPrMM ANs pasnuy-
HOTO BMA BaKyyMHbIX MOKPbITUA PedpaKTOpHbIX MeTan-
NOB, CHOPMMPOBAHHBIX HA MOANOXKKAX PasnnyHbIX BUAOB
cranen

Tun noanoXKu

NapameTpbl

ZrCN (cranb 08kn)
yeHue 60 MUHYT B XMIKOM a3oTe)

3| a5| ZrCN (cranb 08kn, obpaboTtaHHaB Te-
3| 3| ZrCN (cTanb 08kn, obpaboTaHHa B Te-
S| 8| ueHue 1440 MUHYT B X1AKOM a30Te)

Yron cmMauvBaHus Ba3enuHoBbIM Macrnom, rpag| 19° ,00 ,
Yron cmMauvuBaHust BOLOW, rpag 5% ,00 |70,
Pabota aareaun BasenuHoBoro macna, MIx 58,37 | 58,53 | 58,69
Pabota aareauun Boabl, MOx 109,02 105,74 96,57
ﬂVICI'IGpCVIOHHbJM KOMMOHEHT 1369 | 1047 | 3.97
NOBEPXHOCTHON 3Hepruu, MIbx/m?

MonsipHbIA KONII'IOHeHT 101,08| 90,63 |65,04
NOBEPXHOCTHON 3Hepruu, MIbk/m?

INoBepxHOCTHas 3Heprst, MIx/cm? 114,77{101,10{69,01

Tabnuya 5 — 3HaueHus MUKPOTBEPAOCTH MOKPbITUIA kapOOHUTPUAA LUp-
KOHWSI, CHOPMMPOBAHHBIX Ha AKTMBMPOBAHHBIX CTamNbHbIX
cybctpatax cranu 08kn, NOABEPrHYTHIX BO3AENCTBUIO
KpWOreHHbIX TEMMEPATYP

Bug WcxopHbin | Beioepkka cybcTpata | Beigepxka cybetparta
obpaboTku |maTtepuan |B TeueHne 60 MMHYT | B TeyeHme 24 yacos
+ZrCN B Xuokom a3ote+ZrCN | B xuokom asote+ZrCN
H, Ma 12,1 14,4 16,8
Tabnuua 6
Bun VcxomHbit | Boigepxkka Bbigepxka
0bpabotku matepuan |cybetparta cybcTpata
+ZrCN B TeyeHne 60 MuHYT |B TeueHure 24 Yacos
B XKIOKOM B KIOKOM
asote+ZrCN asote+ZrCN
M, koathuumeHT | 0,58 0,5 0,45
TPEHMs
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technologies in the formation of vacuum coatings

Physicomechanical characteristics, specific surface energy of vacuum coatings formed on steels of 1008, HSS type subjected to processing at cry-
ogenic temperatures are studied. The structural transformations occurring in vacuum coatings formed on steel substrates with subsequent processing at
low temperatures were studied. A change in the tribotechnical characteristics of zirconium carbonitride coatings formed on steel substrates subjected to

processing in a cryogenic liquid is shown.
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NOHHOE ASOTVPOBAHVE NMOBEPXHOCTU OTBEPCTMI7I B J/IMHHOMEPHbIX
N3OENVNAX U3 CTAJIEU

BeepeHune. Ctanu nocne a3oTvpoBaHWs MOBEPXHOCTM XapaKTepu-
3Y10TCS NOBbILUEHHBIMW M3HOCO- 1 KOPPO3MOHHON CTOMKOCTBIO, YCTarnocT-
HbIMK1 XapakTepucTukamu. MpesoTepalLaeTcs XonoaHas ceapka cTane,
0COBEHHO B y3nax, NOABEPKEHHbIX TPEHWIO B 3aLUMTHOIA aTMocdepe [1,
2]. NonHoe asotupoanue (MA) siensietcs Haubonee TEXHOMOMMYHBIM
NpOLIECCOM XUMUKO-TepMUdeckoit obpaboTku. [Ins npotekaHns npowecca
VA mexgy aHogom (kopnycom Kamepbl MMM 3alUMTHBIMKM 3KpaHamm) u
peTansamy, pa3MelyeHHbIMM Ha KaTode, MOAAEPXKMBAETCS aHOMarnbHbIN
Tnelowmin pa3psag. Pabounmu rasamm B 06opygoBaHWM Mpow3BOACTBA
OTW HAH Benapycy sBnsiioTcs a3oT 1 aproH (M3 6annoHos) v Boipaba-
TbIBAEMbIA 3MeKTponn3epom Bogopod. WA nossonseT n3basutbes OT
TaK1X HeAOCTAaTKOB ra3oBOro a30TUpOBaHWS, kak Bonbluast ANUTeNnbHOCTL
W TPYBOEMKOCTb MpoLiecca, NOBbILLEHHAS XPYMKOCTb Crosi, HeAocTaTou-

Hasl KOHTaKTHasl BbIHOCTIMBOCTb YMPOYHEHHOTO MaTepuana, HecTabunb-
HOCTb NOMyYaEMbIX PE3yrbTaToB.

Hapsiiy ¢ 3KOMOrMYHOCTbI0 1 9KOHOMUYHOCTBIO Mpouecca, VA no-
3BOMSIET NONyyaTh AUPY3NOHHbIE CIOU 33[aHHOTO COCTaBA U CTPYKTY-
Pbl, Kak C HUTPUAHOW 30HOW Ha MOBEPXHOCTH, Tak 1 Ge3 Hee. B nepsom
cryyae 0becrneymnBaloTCs BbICOKME KOPPO3MOHHAs CTOMKOCTb M Npupaba-
ThIBAEMOCTb TPYLUMXCSI MOBEPXHOCTEN (Ons AeTaneid, paboTarowmx Ha
W3HOC), BO BTOPOM — COMPOTUBIIEHWE 3HAKOMEPEMEHHBIM Harpyskam B
YCIIOBMSIX W3HALLMBAHWSI MPU BbICOKUX [ABMEHMSIX (ONS PEXYLIEro U
LUITAMMOBOTO MHCTPYMEHTA).

Wmetowmecs npobnembl a3oTupoBaHUs. MOBEPXHOCTHOE YNpOy-
HEHWe OTBEPCTUI U YITyBreHuil B [eTansx SBNAETCS AOCTATOYHO CIOX-
HOW 3ajayeil NpakTU4Yeck s BCEX METOLOB UHXEHEPUN MOBEPXHOCTH,

Mo6onb Uzops JleoHudosuy, 0. m. H., oyeHm, Hay. omdena 3eKMPOHHO-TyYe8bIX MEXHOMOUL U (hU3UKU NnnasMbl GUILUKO-MEXHUYECKO20 UH-

cmumyma HAH Benapycu; e-mail : pobol@phti.by.
benapycs, 220141, e. Murck, yn. Akademuka Kynpesuya, 10/2.

MalnHocTpoeHue

25




BecTHVK BpecTcKoro rocygapCcTBEHHOr0 TeXHMYecKoro yHmsepcnTeTa. Ned. 2019

50

0

150

il

ot

228

218

Ceuenue 1 Ceuerne 2

CedeHne 3 CeueHne 4

2500

Nej Ne3’

g0

6)
PucyHok 1 - Ockusbl 0bpasua 13 ctanu 38X2MHOA (a) 1 aBe coeanHeHHble TpyDbl C pa3meLLieHHbIMM B HUX 0bpa3suamm u3 ctanm 40X (6)

B TOM YMCMie C WCMOMb30BAHNEM MOTOKOB 3HEPTUM 3NEKTPOHOB, VOHOB,
nnasmbl, 1a3epHoro n3nydyenus. Mpobrema 3akni4aeTcs B CAOXHOCTU
OpraH13aLym NPOHMKHOBEHWS! TakuX MOTOKOB Ha «3aTEHEHHbIE» y4acTKu
n3genus. [lenatoTcs NONbITKM peLunTb 3aaady NOBEPXHOCTHOO YNpOYHe-
HMS co3paHueM MarnorabapuTHbIX MCTOYHMKOB (MOHHbIX, 3MEKTPOHHO-
Ny4eBbIX, MarHETPOHHbIX) NM6O MCMOMb30BAHMEM OMTUYECKMX M 3reK-
TPOMArHUTHbIX CUCTEM OTKIOHEHWS! MOTOKOB (DOTOHOB MMM YacTuL C
pa3MeLLeHneM WX BHYTPWU OTBEPCTWIA. JTU MpUEMbl UMEKT pearbHblii
CMbICT MpX JOCTATOMHO BOMbLLMX MO NMHENHBIM pa3Mepam yriybneHusx
W OTBEPCTUSX B u3pennsx. HeBoamoxHocTb oBpabaTbiBaTb OTBEpCTUS
HeDonbLLOro AnameTpa B geTansx Obin [0 HEAaBHEro BPEMEHU Hepe-
LUeHHON NpobriemMoN M TEXHOMOMW a30TMPOBaHMS.

ABTOpbI [3] NPMMeHsNKW ra3oBoe a30THpoBaHye ans 0bpaboTku nosepx-
HOCTW OTBEPCTWIA ArameTpoM 5,56 Mm B getamm w3 ctanu 38HMJ (aHanor
crann 30X2MHOA). Wcnonb3oBanock HeCcKOMbko BapuaHToB MpoLecca, B
oboux npumensincs ammuak NHs. Mo nyuiiemy BapuaHTy ra3oBOro a3oTmpo-
BaHWS Ha MOBEPXHOCTM OTBEPCTI (DOPMMPOBAIICS YNPOUHEHHbIN CTION Y-
BuHoi 250 MKM ¢ MakcumarnibHon MukpoTeepaocTsio HV 1120, npu atom 06-
pa3oBbIBANCA T. H. «6enbiii crony (e-hasa, Croi HUTPUOHBIX COEAMHEHMIA
TOMNWWHON 12-17 MKM), KOTOpbIA 0BNAnAeT MOBbILIEHHOA KOPPO3WOHHOM
CTOMKOCTbHO, HO SIBMISIETCS O4EHb XPYMKUM.

B pabore [4] yTBepKaanoch, YTo MOHHOE a30TUPOBaHWE He obecneun-
BaeT MOBEPXHOCTHOE YNPOYHEHWE MaTepuana B OTBEPCTUAX M3-3a BO3HUKHO-
BeHWs addexTa nonoro katoga. OgHako B [5, 6] npuBedeHs! pesynbTathl
a30TMPOBaHMS C MOMbIM KaTOZOM MOBEPXHOCTW JeTanei HebonbLUoro pas-
Mepa 13 HepxaBetoLLien CTani MapTeHeuTHoro kacca AlSI 420, B pesynbTa-
Te KOTOPOW MOMyYeH NOBEPXHOCTHBIA IOV TOMLLMHON 20 MKM C MUKPOTBEp-
pocTbto cranm 6onee HV 1000. Mocne Takoi xe 0BpaboTki NnacTuH 13 He-
pkaetowmx ctanen AISI 304 u AISI 316 croit TonwwHon 80 MKM UMen Ha
noBepxHocTH MukpoTBepaocTb 6onee HV 1400 [7]. B paboTe [8] BbInomHe b
ucecnegosaqust VA no BapuaHTy nororo katoga obpasuos u3 cranen AlSI
304 v AISI 316 gnuHoii ot 5,5 MM 80 55,5 MM C HapyXHbIM ANaMeTPOM OT
0,88 Mm 8o 21,5 MM W, COOTBETCTBEHHO, BHYTpeHHUM — 0T 0,58 1o 16,0 Mm.
Cwmecb asota 1 Bogopoda npomyckarnack yepe3 obpabatbiBaeMble OTBEP-
cva. Wccrienosaus ¢ NOMOLLBI0 30HAa JleHrmiopa npouecca B LnvHapy-
uyeckom obpasLie gnuHoi 120 MM nokasanu, YTo pacnpeseneHine NNoTHOCTH
WOHOB BAOMb OCK TPyDb! HeopHOPOaHOe W Ha ArvHe 100 MM B pasHbiX To4-
kax MnoTHOCTb MOHOB OTnM4aeTcs 6ornee yem Ha nopsgok. [Npu asoTuposa-
HUM BHYTPeHHelh noBepxHocTW Tpybbl 13 crann AlSI 316 anuHoi 160 MM
MMKPOTBEPLAOCTb MaTepuarna NoBEPXHOCTHOO Crios M3MeHsNach B Npedenax
HV 5001250, npu 3ToM CO CTOPOHbI Nofa4y CMecy ra3os B TpyOy oHa uMena
MUHAMarbHOE 3HaueHue, MOBbILLasCh K Bbixody. Mpy a3oTMpOBaHUN MHU-
conna gna npotamveaqus ity u3 AlS| 316 ¢ anameTpom oteepctus 1,08 Mm
W OrvHoN 25 MM MakcumManbHasi MukpoTBepaocTs Matepuana HY 820 Bbina
BOCTUTHyTa BOMM3W Kpast M3OEenis, a Ha PaccTosHUM 2 MM OT 3TOr0 yJacTka
cHwkanack fo HV 380. Mpy 3ToM TONLWMHA YNPOYHEHHOTO Cros COCTaBUna
125 MKM. YuuTbiBas, YTO MUKPOTBEPOOCTL WUCXOOHOW CTam 3HauMTenbHO
Hiwke (HV 200), pesynbTaTbl MIOHHOTO a30TMPOBaHWS B PEXMME MOMOFO Karo-
Aa MOXHO CYMTaTb JOCTATOHHO XOPOLLMMM.
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B [9] BbIMONHeHo ynpouHeHue Hebomblumx 00pa3uoB W3 cTamm
38XMIOA Ha akcnepuMeHTanbHON ycTaHoBke WA B pexume nonoro ka-
TOAa, 4NS CO34aHNs KOTOPOrO Ha PaccTOsiHMM 3-5 MM OT MOBEPXHOCTH
06pas3sLoB pacnonarani TEXHONOMYECKUA SKpaH-CeTKy. 3T, N0 MHEHMO
aBTOPOB, NOBbLILLAET CTENeHb MOHW3aLMK paboyero rasa, rpagueHT KoH-
LieHTpaLmMK HaCbILLAIOLLETo 3MeMeHTa Ha NOBEPXHOCTU obpasLia, MHTeH-
cucpmuympyet npouecc WA. WonHoe asoTupoBaHue obecneumno TBep-
pocTtb noeepxHocTu HV 987, WA ¢ acpcpektom nonoro katoaa - HV 978 ¢
Bonee rnybokum ynpoyHeHHsIM crioem (8o 200-250 Mkm).

BapuaHT WA ¢ acbchekTom nomoro katoga npuemrieM Ans YnpouHeHus
HebonbLLUMX Mo pasmepam u3genuit. OnHako OH HEMpUrogeH Anst 0bpaboTku
BOCTAaToOMHO rabapuTHbIX eTanel C KpUBOMMHENHOM MOBEPXHOCTbIO, MO-
CKOMbKY CroXHO OBecneunTb SKBUOMCTAHTHOE B3aWUMHOE PacrioNoXeHne
katoda-u3nenus 1 aHoda 1 paBHOMEPHBIN HArPEB YNPOYHAEMON SeTanw.

AsTopb! [10] npoBoAunM MOHHOE a30TupoBaHWe 0Bpa3LoB M3 cTanu
32CrMoV12-10 ¢ guametpom oTeepcTiid 6 1 8 Mm 1 gnnHoir 500 mm. B
obpasLe ¢ AnameTpoM OTBEPCTMS 6 MM BO3eicTBMe NNa3mMbl ¢ hopMu-
pOBaHWEM B CTanu ynpoYHsIoLMX (a3 pacrpocTpaHsanoch Ha paccTos-
Hu 138 Mm oT Topua obpasua, B obpasue gvameTpom 8 MM — Ha
234 mm. B noBepxHocTHOM crioe obpasiia ¢ 0TBEpCTMEM 6 MM JOCTUIHY-
Ta TONWWHA a3oTupoBaHHoro cros 120 mMkM ¢ mMukpoTeepgocTbio HY
1100, B obpasue ¢ otBepcTMeM 6 MM rnybuHa crosi cocTasuna 100 Mkm.
[MoBepXHOCTHOE YNPOYHEHME MO BCEW ANKHE OTBEPCTUS HE JOCTUTHYTO.

Llenb paboTbl — uccriegoBaHue MeToga MOHHOTO a3oTUPOBaHMS Mo-
BEPXHOCTW OTBEPCTUI B ANMHHOMEPHBIX M3JENWAX M3 CTanel ¢ AoCTH-
XEHMeM Crosi paBHOMepHON riy6uHbl U TBEPAOCTV MaTepuana no Beew
ANVHE 0TBEPCTHS.

Matepuanbl, ob6opynoBaHue u metoabl. O6pasubl u3 cTanein
38XMIOA 1 40X BO Bpemst SKCMEPUMEHTOB MO MOHHOMY a30TUPOBAHMIO
pa3mMeLLanich B BEpTUKaNbHOM MOMOXeH. Mcnonb3oBaHa nonas 3aro-
ToBKa M3 cTanu 38XMKOA anuHoit 450 MM 1 CKBO3HLIM OTBEPCTMEM [Oua-
meTpom 18 mm (pucyHok 1 a). WcxopHas TepmoobpaboTka 3aroToBku —
3akanka ot 940 °C, oxnaxgeHve B Macre, otnyck npu 640 °C. Pacnpe-
AerneHne MUKPOTBEPAOCTM MO TOMLMHE BbIPe3aHHbIX 13 3TOI 3aroTOBKM
06pa3LioB (BbINOMHANOCH C OXNaXAeHEM BOAOM) U3y4anoch B YeTbIpex
ceverusix. CeyeHre 1 Haxoamnoch B HUDKHE YacTu 3aroTOBKW, a ceve-
HWe 4 — B BepXHel YacTu.

[ns obpabotkn 0bpasuos u3 ctanu 40X ucnonb3oBaHs! ABe TPYObI
W3 YrnepoamcToil HenmervpoBaHHOM CcTanu 0ObI4HOTO KayecTBa C
BHyTPeHHUM gnameTtpoM 120 n 140 MM W TOMLLMHON CTEHOK 15 MM (pu-
cyHok 1 6), coeawHeHHble Tak, yTOo WX OOWas AnWHa cocTaBuna
2500 mMm. B cKkBo3Hble OTBEPCTUS, BBLIMOMHEHHbIE B paguansbHoOM
HanpaBneHuu no Bceil AnvHe Tpy6, BCTaBneHbl obpasupbl 3 ctanm 40X
B6M13n 060MX TOPLOB M B LiEHTpanbHbIX YacTsx Tpyb, kak noka3aHo Ha
pucyHke 1 6. WcxopHas Tepmoobpabotka 0bpasuos 13 cranm 40X — 3a-
kanka ot 860 °C, oxnaxaeHue B Macne, otnyck npu 500 °C.
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VoHHoe asoTupoBaHue 3arotoBkv M3 cramm 38XMIOA u gByx
coeAuHeHHbIX Tpy® MpoBogunu B ycTaHoBke npoussoactea ®TU HAH
Benapycu, Ha KOTOpPO MOXET BbIMOMHATLCA YNpouHstowasn obpaboTka
n3genuin gnvHon Ao 3 200 Mm (pucyHok 2) [11]. [ns npoeaeHus npoLiecca
a30T1pOBaHKs 3aroToBkm 13 cTanu 38XMHOA 6bina u3roToBneHa ocHacTka,
MO3BOMAIOLLIAN Pa3MeLLaTb aHOA BHYTPU OTBEPCTUS (PUCYHOK 3).

MwukpoptopomeTpuieckue 1 metannorpaduyeckue MccnefoBaHms
BbIMNOMHANM Ha MUKPOLLNMEaX Kax@oro 13 YeTbipex ceveHuil obpasua u3
cranu 38X2MIOA u wecTn — u3 ctanm 40X. MpobonogroTosky 06pasLios
ANs uccnefoBaHui npoBoauni Ha obopygosaHun oupmbl METCON.
AHarnu3 MUKpOCTPYKTYP BbIMOMHANM Ha Mukpockone MW-1, koHTpomb
MMKPOTBEPAOCTM — Ha 0BopynoBaHuM tvpmbl AFFRI.

PucyHok 2 - I'IpOMblumeHHoe obopyaosanue ans MA B <DTI/I HAH
Benapycu

PucyHok 3 - MNMpouecc obpaboTkn obpasua 13 ctanu 38X2MHOA ¢ ocHa-
CTKOM

[ns nocTpoeHns npoduns MUKPOTBEpLOCTH Mo riybuHe obpasua
M3MEPEHNS BLINOMHANN YeTbipe pasa Ha Kaxaom Mukpolunude. Mo yc-
PefHEeHHbIM [aHHbIM CTPOUMUCL rpathvkn pacnpeneneHns MUKpoTeep-
[0cTu no rnybuHe cnost Anst kaxaoro ceveHus obpasua. 3a rmybuHy yn-
POYHEHHOTO CNOSi NPUHUMANOCh PACcCTOSHUE OT MOBEPXHOCTK A0 Cos €
MUKpoTBEpAOCTLI0, Ha HVS0 npesbiluatoLLei TBepAOCTb OCHOBBI.

MUKpOPEHTreHOCNEKTPanbHbIA U 3HEProAUCTIEPCUOHHBIA  aHanm3
MPOBOAMNCA Ha CKaHWpYlOLeM arnekTpoHHoM Mukpockone HITACHI
S-4800 ¢ npucraskoit anst EDX aHanu3a XFlash Detector 5030 Bruker.

PacnpegeneHune anemeHToB OT NOBEPXHOCTH B rMybb 06pa3LoB uccne-
[0Banu C MOMOLLbIO aTOMHO-3MUCCHOHHOTO CrMEKTPOMETPA TIEHLEro
paspsga GD Profiler2 (Horiba Jobin-Yvon).

Pesynbtatbl. PaHee B ®TW HAH benapycu BbinomnHeH GombLuoi
obbem uccregoBaHui No oTpaboTke ONTMManbHbIX pexumoB VA pas-
NUYHBIX MHCTPYMEHTAIbHbIX, HEPXaBEIOLLWX, KOHCTPYKLIMOHHBIX CTane,
B Tom uncrie 38X2MIOA u 40X. MNMokasaHa BO3MOXHOCTb yMpaBrieHWs
CBOWCTBAMM YNPOYHEHHOTO €O HA CTansaX W 3KCnyaTauMoHHbIMK Xa-
paKTepUcTUKaMu U3AENniA NyTem BapbpOBaHUA NapameTpamm npolecca
asotupoBaHus [11-13]. Tak, B 3aBucumocT oT pexuma WA cranm
38X2MIOA moxeT BbiTb MOMyyYeH LUIMPOKWIA [ManasoH CBOWCTB YNpoud-
HEHHOro Crosi — TBepAOCTH Matepuana Ha noeepxHocT HV650-1050,
rmy6uHbl 0,3-0,8 MM (pucyHok 4). 3To xe oTHocuTes v k ctanm 40X (c
fonee HU3KMM Jnanas3oHoM 3Ha4eHuin TBEpLOCTH).

/oHHoe a3oTupoBaHue obpasua u3 ctanu 38X2MKOA nposoaumnv
npu Temnepatype 535 °C B TeyeHme 13 u, obpasLios 3 ctanm 40X — npu
Temnepartype 515 °C B TeueHue 14 u. Pexumbl a30TMpOBaHUS BbIOpaHbI,
“cxoas 13 onbiTa 06paboTki ykasaHHbIX cTanei.

/3 rpadmkoB Ha pucyHke 5 BMAHO, YTO rMybuHa a30TMPOBaHHOIO
Crost BO BCEX YEeTbIPEX MCCMemoBaHWsAX CeyveHusix obpasua u3 ctanu
38X2MIOA ¢ BHyTpeHHelt cTopoHbl cocTasnseT 290-330 mkm, anddy-
3VOHHbBI CMOA  pacnpedenuncs paBHOMEpPHO No obpasuy AnWHOM
450 mm. MakcumanbHas MUKPOTBEPAOCTb CTanu B NMPUNOBEPXHOCTHOM
cnoe coctasnset HV 750-800.
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PucyHok 4 - PacnpegeneHue MAKpOTBEpLOCTY NO rnybuHe
a30TWpoBaHHOro cros B cTanu 38X2MHOA B 3aBMCHMOCTY OT PEXMMOB
0bpabotku
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PucyHok 5 - [podmnu MUKpOTBEPAOCTH NO My6MHE B CeYeHUsIX
obpasua 13 ctann 38X2MHIOA, nokasaHHbIX Ha pucyHke 1 a

IMpn VA Ha nosepxHocTu ctanm 38X2MIOA dhopmupyeTcs a3oTmpo-
BaHHbII CrOW, COCTOSLLMIA U3 MOBEPXHOCTHOM 30HBI HUTPUAOB (€-Chasbl,
y'-thasbl) 1 anddy3MoHHOrO NOLCNON U3 a30TMCTOrO TBEPAOrO pacTBopa
HUTpUaa xenesa (y'-chasa) (pucyHok 6 a). [QuddysnoHHbIn nogcnoi no
CPaBHEHMIO C HUTPUOHON 30HOM CUMbHEE NOAAAETCS TPABMNEHWIO U Bbl-
FMSAUT TEMHbIM. 3TO CBA3AHO C BblOeNeHNeM HUTPUOOB Xenesa Kak no
rpaHnLiam 3epeH, Tak 1 B LIeHTPpe 3epHa.
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B noBepxHocTHOM cnoe €-(hasa U y'-hasa popMuUpytoTCs nocneno-
BaTenbHo, y'-(hasa COOTBETCTBYET TBEPAOMY pacTBopy Ha Base HUTpuaa
FesN. 310 coeamHeHne xapakTepusyeTcsi oBnacTblo FOMOreHHOCTH B
WHTepBane cogepxaHns 5,7-6,1 mac. % asota. e-(hasa sBnAeTCs TBEP-
AbIM pacTBopoM Ha base HuTpupa FezsN u cyliectByeT B uHTepBane
KoHLeHTpauui 7,7-11,1 % asoTa.

[Mpn a3oTUpoBaHWUM CNNaBoB Xenesa B Y' 1 e-ha3ax 4acTb aToOMOB
Xenesa 3amelLaeTcs nervpyrowmumm anementamn. B y'-chase B BonbLumx
KONM4YeCTBaX pacTBOPAETCS antoMUHUA U KpeMHUiA. flernpoBaHue e-hasbl
NOBbILIAET ee TBEpAOCTb 1 COMPOTUBNEHWE U3HOCY. Takne nervpyroLwmx
anemeHTbl, kak Cr, Mo n Mn, pacTBopsisick B e-(hase, yMeHbLUAIOT B Helt
COZIEPXKaHWe a3oTa U ee TOMLLMHY.

MUKpOPEHTreHOCNEKTPaNbHbLIM, 3HEProAUCNEPCUOHHBIM U aTOMHO-
3MUCCUOHHBIM aHamnM3oM pacnpefeneHnst XUMUYECKUX 3IIEMEHTOB Mo
rnybuHe a30TMPOBAHHOMO CrOs MOKa3aHo, YTo Mo Mepe YAaneHus ot no-
BEPXHOCTW obpas3Lia CoAepkaHne a3oTa B CTany yMeHbLUAeTCs, a XuMu-
YeCKUi cocTaB NpubKaeTCs K XMMUYECKOMY COCTaBY MCXOGHOW CTamnu.
CopnepxaHue antoMuHMs Npy NpoaBukeHun B rybb obpasua Takke no-
HWXaeTcs, YTo MoxXeT ObiTb CBA3AHO C Auddyaven aniomMuHua B no-
BEPXHOCTHbIE Crou cTanu B npotecce UA.

'nybuHa a30TMPOBaHHOO CMos Ha BCex LecTu obpasuax 13 ctanu
40X, pacrnonoXeHHbIX N0 AnuHe Tpybbl anuHoi 2 500 MM, JOCTaTOYHO
6nnska u coctasnset 230-270 mkM. MakcumanbHOe 3HayeHue MUKpo-
tBepgocTh cranm 40X (HV500-590) B6mm3n noBepxHOCTW 1 XapakTep
M3MeHeHNst MUKpPOTBEPZOCTH Mo riy6uHe Ha Beex WwecTn obpasyax npak-
TUYECKM MOEHTUYHBI (PUCYHOK 7).
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PucyHok 7 - Mpoduni MUKpOTBEPLOCTH NO MybuHe B 06pasLiax 13 cTanm
40X, yCTaHOBMEHHBIX Ha y4acTkax TpyObl, NOKa3aHHbIX Ha prcyHke 16

MukpocTpykTypa 06pasLos 13 ctanu 40X nokasaHa Ha pucyHke 6 6.
A30TVPOBaHHbII CION COCTOMT 13 ANddy3MoHHON 30HbI (Bonee TemHas,
YeM OCHOBHOM MeTann), npeacTasrsiowleil coboil TBepabll pacTeop
asoTa B O-Kenese C AWUCNEPCHLIMU BKITIOYEHWUSMI HUTPUOOB Xenesa u
xpoma. CnroLUHOM HUTPUGHBIV CIOM Ha MOBEPXHOCTH He 0BpasyeTcs.

Kak BuaHO 13 xapakTepa pacnpefeneHus MUKpoTBEpPAOCTW Mo ry-

a
PucyHok 6 - MvkpocTpykTypa cTanei 38X2MIOA (a,x 100) n 40X (6), nogseprHyTbix MA

6uHe ons obenx uccnenoBaHHbIX cTanen, 6narogaps 6onblon rnybuHe

CNosi C BbICOKOW TBEPAOCTHIO, M3AenUs nocre WOHHOTO a3oTMpOBaHWs

MOTYT XapaKTepu3oBaThCs BLICOKUM PECYPCOM Ha W3HalLmBaHue. Tak,

pecypcHble ucnbiTaHus Ha OAO «M3L» n OAO «benkapa» B 2019 T.

LUTaMnoBOMN ocHacTku 13 ctanen 4XSMOC n 5XHM, nogeepraemoit npu

JKCnMnyaTaumn LMKIMYECKOMY HarpeBy C OXMaxdeHueM, rokasanu no-

BbILLIEHME CTOKOCTW MHCTpyMeHTa B 2,1-3,8 pasa.

ObnacTM npuMeHeHMsi NMONY4eHHbIX pe3ynbTaToB. 10 MMeto-
wumes nybnukaumam u cobCTBeHHOMY OMbITy COTPyAHMYeCTBa ¢ Gonee
yem 130 npegnpustuamu Benapycw, Poccun n MonaoBbl, MOHHOMY a30-
TMPOBAHMIO MOTYT NOABEPraThCs AeTanu U MHCTPYMEHTbI C rabapuTHbIMM
pa3mepamm OT HECKOMbKNX MUMIIMMETPOB [0 U3Lenuit AnnHoRA [0 14 M n
Maccomn 40 26 T BO MHOTWX OTPacnsX NPOMBILLIEHHOCTI, B TOM YuCE:

e LMNIWHEPbI, NAYHXEPbl, Banbl, OCY, NPELM3VNOHHbIE BUHTBI, LUNMHAE-
NK, MMHOMW U HanpaBnSoLLME B CTAHKOCTPOEHUM U HE(TEXUMUYE-
CKOM MALLMHOCTPOEHNM;

®  3KCTPY3MOHHbIE LUHEKM, LIMMMHAPBI, MaTpuLbl, NPecc-opMbl 1 apy-
re geTany MalvH ans nepepaboTkv nnactMace v nomyyeHns anio-
MMHWEBOTO NPOcUNS;

e pasnuyHble BUAbl 3ybuaTbix Komec obLiero MalMHOCTPOEHUS 1 aB-
TOMOBMIBHOM MHAYCTPUM;

e KOBOYHblE LUTaMMbl 1 MPecc-hopMbl ANs NIUTbS CnaBoB 1 0bpaboT-
K1 MeTannos nof AaBneHuem;
pexXyLLme MHCTPYMEHTbI: dpesbl, 4on6sku, cBepna . n,;
YNMOTHUTENbHbIE KOMbL@ M3 CTanel W BbICOKOMPOYHbIX YYryHOB,
Mnb3bl unuHgpos OBC;

e OTBETCTBEHHbIE NMPELM3NOHHbIE AETanu aBuagsurateneil U3 TUTaHo-
BbIX CMNaBOB;

e MpYXMHbI KNanaHHble 1 Tapensyatble ¥ MHOTe Apyrue.

YnomMuHaHus B nuTepaType O NOBEPXHOCTHOM YNPOYHEHWM feTanen
C oTBepcTUAMU HemHorouucrneHHsl. B ®TU HAH Benapycu nmeetcs
OMbIT MOHHOTO a30TUPOBAHUS BHYTPEHHEN YacTW CTamnbHbIX MMb3 Li-
nuugpos OBC (pucyHok 8), Ha YYHIM «TexHomuT» nocTaBneHa npo-
MbILLIEHHAs YCTaHOBKa NS BbINOMHEHWUS 3TOM onepaLuu.

) PucyHok 8 - CtanbHble rnb3bl uunuHgpos [BC nocne U
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a
PucyHok 9 - lonyasTomatnyeckas BuHtoska POF RENEGADE PLUS 556NATO 16.5 30RD (a) u nuctonet-nynemet AK-V (6)

B [9] Ha ocHoBe uccnedoBaHuil Ha KCMEepUMEHTarbHON YCTaHOBKE
obpasLoB Hebonblumx rabaputos 13 cranun 38XMIOA caoenaHo npegnorno-
XEHWe O BO3MOXHOCTW BbINOMHEHWs VIA B pexume Monoro katoga BHYT-
PEHHel NOBEPXHOCTY LIMAMHEPA CKBAMHHBIX LUTAHIOBbIX HACOCOB, OAHAKO
coobLLeHns 0 peanuaalmy B MPOMbILLNEHHbIX MacluTabax aToro npegmno-
NOXEHWs! aBTOPOB OTCYTCTBYIOT. BHYTPEHHWI AuameTp LMnvHOpa B pas-
HbIX MOZENsX HacocoB — 26,99-95,25 mm, paboumit xog nnykxepa B Lyu-
nunape coctaenset 1 200-4 000 mm [14]. MpencTaBnaeTcs, YTo Npu Takux
pa3mepax Ans co3faHns addekta nomnoro katoga v obecneyeHmns paHo-
MEpHOro HarpeBa W a3oTMpOBaHWUA W3OeNns JOCTAaToMHO CriokHO obecne-
UMTb SKBMOWCTAHTHOE Pa3MeLLiEHNe TEXHOMOrMYECKOr0 3KpaHa-CeTkM Ha
paccTosHM 3-5 MM OT MOBEPXHOCTW M3HYTPU U3henus npu cobnioeHnmn
ykasaHHbIx B [9] pexumoB: Harpese Ao Temnepatyp 550 °C B TeueHue 8 u.

VimetoTcs oTAenbHble MyBnmMkauum kacaTenbHo NpPUMEHEHUs a30Tu-
POBaHWS ANs YNPOYHEHWs! M3nenui 0BOPOHHON TeMaTuKu, B TOM Yncre
CTBOII0B CTPENKOBOTO OPYXMUS.

TpamuLMOHHO Ha BHYTPEHHIOK MOBEPXHOCTb KaHana B CTBOMeE CTper-
KOBOTO OPY)XWSi HAHOCUTCS ranbBaHUYECKM METOAOM CIIOW XpOMa, B KOTO-
pOM Mocrie HeKOTOpOro Yucra BbiCTPEnoB obHapyxuBaloTcs fedekTbl B
BMOE CETKW TPELUVH, paauanbHbIX TPELH, NPOJOKaIoLLMXCs B MaTepuan
OCHOBbI, OTCIIOMBLUMECS OT OCHOBbI (PparMeHThbl Crosi Xpoma 13-3a Hedoc-
TATOMHOM afre3n NokpuITUs K ocHose [3]. Vicxoas u3 cTpemnenus otka-
3aTbC OT 3TOW JKOMOrMYECKN OMacHOM TexHororuw, paspaboTumkamu B
Pa3nnyHbIX CTPaHax Mupa NPOBOASATCA MCCMEnOBaHNS MO 3aMeHe XpoMu-
POBaHWS Ha NPOLLECC a30TMPOBaHIS. [IpyruMm 04eB1aHbIM MPENMYLLECTBOM
0TKa3a OT XPOMMPOBAHWS B MOMb3y a30TUPOBAHMS SBMAETCS OTCYTCTBUE
npobremb! NIOXOM aare3ny NOKPbITUS K OCHOBE (MpW a30T1poBaHm ¢op-
MUpYETCS He MOKPbITHE, @ ANy 3MOHHBIA CON).

B [Monblwe COBMECTHbIMM ycunusIMM Tpex opranu3aumin (Instytut
Mechaniki Precyzyjnej, Wojskowa Akademia Techniczna n Fabryka
broni) npoBeaeHb! nccneoBaHs no BbIOOPY PEXWUMOB ra30BOMO a3oTi-
posaHus cTanu 38HMJ, KoTopyto npeanonaranock UCMonb3oBaTh BMECTO
30HN2MFA, npumeHsieMoil AN M3rOTOBNEHWS CTBOMIOB CTPENKOBOrO
opyxus kanmbpom 5,56 mm [3]. Mocne ynpouHeHUs MO HaumyuLemy pe-
KUMY BbINOMHANKM UcrbiTakus nytem nposefenns 10 000 BbICTpenos u
KOHTPONMPOBan COCTOSHME MaTepuana, NoLBEPKEHHOTO BO3LENCTBUIO
3HaUMTENbHbIX MEXaHNYECKMX, TEMMOBBIX 1 KOPPO3WNOHHBIX BO3AEACTBHIA.
B pesynbTate Takux BO3OeNCTBUIM BONM3N NOBEPXHOCTW MOSIBMSIOTCA U
pacTyT MUKPOTPELLMHbI ABYX TWUMOB - paguarnbHble U OKPYXHble, YTO aB-
TOpbI CBA3bIBAIOT B TOM YMCIE C HAMMYMEM Ha NOBEPXHOCTM BOCTATOYHO
TONCTOrO (A0 17 MKM) XpYynKoro HUTpKaHoro cnosi. OgHako TexHonorus
ra3oBOr0 a30TUPOBaHWS He [AeT BO3MOXHOCTM MoMmyyaTb Auddy3noH-
Hble criov Be3 crosi coegnHeHuin. CriegyeT 0TMEeTUTb, YTO MOHHOE a30Tu-
pOBaHWe CTanu no3BonsieT Nerko uberatb 3ol NPobeMsl.

CoobLaetcs, uto psg npoussoautenent B CLUA ncnonb3yoT B npo-
MblLLMEHHbIX MacluTabax asoTupoBaHue (be3 ykasaHus meToga) CTBOMOB
CTPENKOBOrO OpyXus (pucyHok 9), B ToM uncre mogenei Patriot Ordnance
Factory RENEGADE PLUS 556NATO 16.5 30RD kanubpa 223
Remington/5.56 NATO [15] u nuctoneta-nynemeta Paimetto State Armory
AK-V kanubpa 9x19 MM (co3gaHHbin Ha 6ase MM-19-01 «Butasby) [16].
Creon mogenu AK-V BbinonHeH w3 ctanu AISI/SAE 4150 (aHanom — cTanu
40XPA 1 38XMA), koTopast XOpOLLIO NOABEPraeTCs a30TUPOBAHMIO U LUMPO-
KO MPUMEHSETCA AN M3rOTOBMEHWS Pa3NnyHbIX AeTanei (LecTepeH, Ba-
OB, LWUNMHAEMeN K T. N.) aBUAKOCMUYECKOTO Ha3HaueHWs), B HedhTerasosom,
aBTOMOBMIEHOM, CEMNbCKOX03ANCTBEHHOM NPOMBILLAIEHHOCTY.

B panbHenwnx nccregoBaHusx bonbLUoe BHUMaHWe 6yaeT yaeneHo
ONTUMM3ALNM PEXVUMOB MOHHOTO A30TMPOBAHWSA pasHoObpasHbiX AeTa-

nei, UMEIOLNX TPyAHOLOCTYMHbIE y4acTKM MOBEPXHOCTM, KOTOPble He-
BO3MOXHO MOfBEPraTb NMOBEPXHOCTHOMY YMPOYHEHWIO OPYIMMM CyLLecT-
BYHOLLMMW METOLAMW NHXEHEPUM NOBEPXHOCTH.

3akntoyenue. M3genus, umerowus yrnybnexus u oTBepcTus, SBns-
loTCS TPYAHbIM 0OBEKTOM NS peann3aumy npakTUyeckn BCeX MeTOLoB
MHXeHepn1 NoBEPXHOCTH.

[MokasaHa BO3MOXHOCTb MOMyYeHWs AWddY3MOHHOTO Crosi, paBHo-
MepHOro npu anuHe uagenus go 2 500 mm, rmy6uHon 230-270 MKm C
MUKpoTBEpAOCTbi0 Matepuana HV50 550-600 (anst ctanm 40X) n coot-
BeTcTBeHHO 290-330 mkm 1 HV50 750-800 (ans cranm 38X2MIOA) Ha
BHYTPEHHEN MOBEPXHOCTW OTBEPCTWI B AeTansx. Bo3MOXHOCTb Bapbu-
pOBaHWs NapameTpamu Mpouecca a3oTUPOBaHWS LAaeT BO3MOXHOCTb
yNpaBnsATb CBOWCTBAMM YNPOYHEHHOTO MaTepuana v aKcnnyaTauyoHHbI-
MM XapaKTepucTMKaMu W3AEeNuil B LUMPOKWMX Npegdenax, B TOM uucre
BHYTPEHHX NOBEPXHOCTE OTBEPCTUA B A/IMHHOMEPHbIX AeTansx, KoTo-
pble HEBO3MOXHO 06paboTaTh MHbIMM crocobamu.
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POBOL I. L. lon nitriding of workhole surfaces in the long-length steel parts

The problems of surface hardening of workholes and recesses in parts using nitriding method are considered. The results of surface treatment in
long-length products made of 38Kh2MYuA and 40Kh steels up to 2,500 mm long by ion nitriding are presented. It has been shown that nitrided layers
with a thickness of up to 330 um and a microhardness of up to HV 550-600 (for steel 40 Kh) and up to HV 750-800 (for steel 38Kh2MYuA) can be
obtained on the hole surface, which should be accompanied by a significant increase in the wear resistance of hardened products.
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Kuis D. V., Levantsevich M., Lobko D. N.

RESEARCH ON WEAR RESISTANCE AND FRICTION COEFFICIENT OF GAS-THERMAL
COMPOSITE COATINGS WITH THE ADDITION OF NANO CARBON COMPONENTS
WITHOUT LUBRICANTS

The Branch Research Laboratory "Plasma and laser technology" is de-
veloping a technology for introducing Nano carbon components into powder
materials.

At the first stage of research into the coatings (table 1), Nano carbon
was added in the materials (2% of the total volume of powder materials).

Table 1 - Powder materials without Nano carbohydrates.

Name Chemical composition

1 |Mr-CP4 Base: Ni; 13-17%Cr;0,6-1% C; 3-5% Si;
2,5-4%B; 4%Fe

2 |NP-BpOHCP Base: Cu; 8% Sn; 5% Ni; 1%Si; 1%B

3 |NH-HO-42 Base: Ni — Cu; 42,5%Cu; 0,2%C; 0,9%Si;
1%B; no 3%Fe

4 |MP-X4rcpP Base: Fe; 3,8% Cr; 1,2% C; 2,5% Si;
2,2% B; 0,5% Cu

5 |Mr-19M-01 Base: Cu; 4% Fe; 8,5-10,5% Al

6 |MT-IOHX16CP3 |Base: Ni; 0,7% C; 16% Cr; 3,2% Si;
2,6% B; 1,2% Al

Due to the 2% error of the equipment, obtaining clear results of the
influence of Nano carbon was impossible. It was decided to increase the
amount of nanocarbon in 10% of the total volume of powders.

The mixing of Nano carbon components and powder materials was
carried out mechanically. Disks made of steel 45, with a thickness of h = 4
mm and a diameter of d=70 mm with a hole d=30 mm, were used as the
basis for spraying. Coating was performed by flame method and reflow sub
layer. It should be noted that not all materials interacted with nanocarbon.
And coating No. 2 during reflow began to boil and release bubbles, so the
integrity of the coating was broken and this coating was removed in further
studies. After spraying, the samples were ground to a roughness of Ra3,2.

Tests for wear resistance and friction coefficient were carried out as fol-
lows: the sample was degreased and weighed, then fixed in a self-centering
cartridge of the equipment and determined the face runout of the sample
within 3 um. The friction body (indenter) is brought to the sample on a

tripod, which was also weighed in advance. The modes of testing the
coefficient of friction: test time t = 60 min, linear speed of rotation of the
sample v =5m /s. The rotation frequency of the part n = 1837.33 rpm; the
friction path was S = 18000 m; friction force F = 0.206 N, Indenter spherical
with radius R = 1 m. Track diameter d = 30 mm, Specific pressure at the
pointis P_0=7.8 MPa.

A strain gauge sensor was connected to the indenter, which recorded
the friction force. The value of the friction force was fixed continuously in the
form of an oscillogram. The friction coefficient was determined by the ratio
of the friction force to the normal load and was recorded every 5 minutes
(12 times). At the end of the tests, the sample and indenter were degreased
and weighed. The tests were carried out without lubricants.

During the study, the friction coefficient of composition No. 1 in the
coating with the addition of 10% Nano carbon increased to 25 minutes, after
which it began to decline. In a coating without Nano carbon, the friction
coefficient increased to 10 minutes and after 5 minutes began to decrease.
Subsequently, the friction track was analyzed for the samples. Brown
oxides were formed in the sample with the addition of Nano carbon, which
did not appear in the composition without Nano carbon. The track had
scratches and holes. As a result, the friction coefficient of composition No. 1
with the addition of Nano carbon compared with the same composition
without Nano carbon increased by 90%. The effect was negative.

In the study on the friction coefficient of composition No. 3, the fric-
tion coefficient of the coating with the addition of Nano carbon changed in
a sinuous and had the greatest value in time from 35 to 45 minutes. The
friction coefficient of the coating without Nano carbon also changed in a
sinuous shape, but at the 35th minute the coating was run-in. On the
friction track, both the composition with Nano carbon and the composition
without Nano carbon was formed a weak appearance of brown oxides.
The tracks had easy scratches and holes. The result of the research: the
friction coefficient of composition No. 3 with the addition of Nano carbon
increased by 11.6% compared with the same composition without Nano
carbon. The effect was negative.

In the study, the coefficient of friction of the coating with the addition of
Nano carbon of composition No. 4 did not change and had a stable value,
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