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BJIMSITHUE HOHHO-IIJIASMEHHBIX MOKPBLITUI
HA NBHOCOCTOUKOCTD JIE3BUHM 1IPU PESAHUU JIPEBECHUHbI
HA ®PE3EPHO-BPYCYIOLIINX CTAHKAX

[oxperTnss Mo—N U Ha OCHOBE S-COCTaBIIAIONICH OBLIM COPMHUPOBAHBI METOIOM KOH/ICHCAIIUH C
HMOHHON OOMOApIMPOBKOI MOBEPXHOCTH MHCTPYMEHTA. DIIEMEHTHBIH U (a3oBbIil cOCTaB MOKPBITHH U
WHCTPYMEHTa, MIOBEPXHOCTHAsI MOP(OJIOTHSI PEXKYILEro HHCTPYMEHTa M3Y4aluCh C TIOMOILBIO PEHTIe-
HOCIIEKTPAIBHOTO MUKPOAHAIN3a, PEHTTEHOCTPYKTYPHOTO aHAlIU3a U PacTPOBOU 3IEKTPOHHOM MHKPO-
ckornuu. J{ByXie3BHiHbIE pe3nbl ¢ HOKPHITHIME Mo—N U Ha OCHOBE S-cocTaBistionel npu gpesepona-
HUH JAPEBECUHBI HA (Ppe3epHO-OPYyCYIONINX CTAHKAX MOKA3aIN POCT M3HOCOCTOWKOCTH B 4 1 5 pa3 coot-
BETCTBEHHO B CPABHEHMH C HETIOKPHITBEIM MHCTpyMeHTOM. Habmogaercst pa3snuyHbIi MEXaHN3M U3HOCA
IIOKPBITUH U Pe3LOB. Y CTAaHOBJIEH XMMUYECKHUH TUII U3HOCA PE3LIOB C IIOKPBITUSMHU.

The Mo—N and S-based coatings were formed by the method of condensation from a plasma phase
in a vacuum with ion bombardment of surfaces tools. The element and phase composition coatings and
tools, the surface morphology of cutting tools were studied by X-ray microanalysis, X-ray diffraction
and transmission electron microscopy. The steel double-blade cutters with Mo—N S-based coatings for
milling special woods on the chipper-canters showed growth of wear resistance 4 and 5 times, respon-
sibility, in comparison with non-coating tools. It is obtained a different mechanism of wear coatings

and cutting inserts. There is abrasive chemical type of wear on coating tools.

Beenenne. Pezanue npeBecuHbl U JPEBECHBIX
MaTepUaIoB MIMPOKO NPUMEHSETCS Ha MPAKTHKE
JnepeBooOpadaThIBAIOIIMX TPOU3BOACTB. s mo-
JYy4YEHHUsI TOTOBOM NPOAYKLUMH C MaKCHMaJIbHBIM
9KOHOMHYECKHM 3((eKToM B HacTosiiee BpeMms
SIBJISIETCSI HEJOCTATOYHBIM TOJIbKO HaXO0XKJICHUE
ONTHUMAIIBHBIX PEKUMOB PE3aHUs, pacyeT paIuo-
HaJbHOW KOHCTPYKIIMM M TEOMETPHUHU JepeBOpe-
JKyIIIero MHCTpyMeHTa. Mexanndeckast 00padoTka
JIPEBECHBIX MAaTEPHAJIOB TPAJAUIUOHHBIMA HHCT-
pPYMEHTaMH, W3TOTOBJICHHBIMH W3 HWHCTPYMEH-
TaJbHBIX CTajell, IKOHOMHUYECKH HE OIpaBaaHa
M3-32 HHU3KOH CTOWKOCTH TaKOro WHCTPYMEHTA.
Haubonee coBpeMeHHBIMH HalpaBJICHUSMH B 00-
JACTH COBEPIIEHCTBOBAaHHUS JiepeBooOpadaThiBa-
IOIIET0 MHCTPYMEHTA SIBJISIOTCS HCIOJH30BaHUE
B KauecTBE pE3IOB CBEPXTBEPIBIX MAaTEpPHAIIOB,
CHHTETUYECKHX ajMa30B, Pa3IMYHBIX CHOCO00B
MOAM(UKAIINA TTOBEPXHOCTH pe3roB [1]. Omaum
n3 Hambosee 3PPEKTUBHBIX CIIOCOOOB MOIU(pUKA-
MU TIOBEPXHOCTH CTAbHBIX M TBEPIOCIIABHBIX
PEXYIIUX DJIEMEHTOB JEPEBOPEKYIINX HWHCTPY-
MEHTOB SIBJIIETCS METOJI KOH/ICHCAITMH BEIIeCTBa
W3 TUTa3MEHHOH (pa3pl B BakyyMmMe ¢ MOHHOW OOM-
6apauposkoii moepxHoctu (KWbB) [2], mo3Bo-
JISTIOTIEH PeTyMpOBaTh CHEIUPUKY HU3HOCA U CY-
IIECTBEHHO yBEJIIMYUBATh pecypc pabOThI pE3IOB.

B MupoBoii mpakTHKe BBICOKOE NPU3HAHUE JUIS
croco0oB mepepaboTKu OpeBeH muaMeTpoM 8—24 cMm
MOJTyYMIJIO WCIIOJB30BAaHUE PA3ITUYHBIX KOHCTPYK-
i QpesepHo-NIIBHBIX U (Hpe3epHO-OpyCyIOMnX
JUHHUH, UMEIOIIMX IMpeuMyIlecTBa B 0oJjiee BBICO-
KOHM MPON3BOAUTEIHHOCTH U MPENEIbHO YIPOIIEH-
HOU TEXHOJIOTHH Iepel] YHUBEPCATBHBIM 000pyI0-
BanueM [3]. @pesepro-Opycyromme ctanku (ObC)

MpeACTaBIsAIOT co0OW arperaThl C CHCTEMOMU
LIMUHJIEICH A yCTaHOBKM Ha HUX MHCTPYMEH-
ToB. g obecnieueHus Mojgayu M Oa3upoOBaHUS
OpeBEH OTHOCHUTENIBHO (pe3 CTAHKH MMEIOT KOH-
BeliepHble moparomue mMexaHusMmbl. ObC orau-
YarTcs APYr OT Apyra THHamu (pe3epHOro MH-
CTPYMEHTA, KOHBEHEPHBIX MOJAIOLINX YCTPONUCTB,
KOHCTPYKTHBHBIM pELICHHEM Oa3upyIOIuX YyCT-
POICTB, KOMIIOHOBKOH y3JI0B B MPOCTpaHCTBE. Tex-
HU4ecKash GyHKIMS Qpe3 MM HOXKEBBIX BaJOB, yC-
TaHABJIMBAEMBbIX Ha (hpe3epHO-OpyCyIOLINX CTAaHKAX,
COCTOUT B TIOJTy4eHHH U3 OpeBHa Opyca myTeM ¢pe-
3epoBaHUsl OOKOBBIX MOBEPXHOCTEH OpeBHa M Ipe-
BpalleHUH 00beMa IPEBECHHBI B TEXHOJIOTHUYECKYIO
meny. YcraHaBnuBas (pe3epHo-Opycyromue cTaH-
KA IOCJIEAOBATENbHO, MOKHO IiepepadaThiBaTh
OpeBHO BHaualle B JABYXKaHTHBIM, a 3aT€M B YETbI-
PEXKaHTHBIA Opyc.

OnuH 13 BUJOB KOHCTpYKIMH pe3noB PBC —
NBYXJIC3BUHHBIC, W TPOIECC 00pabOTKH JIpeBECH-
HBI B 9TOM CJIydae MIPOMCXOIUT IBYMs PEXYIIUMH
KpOMKaMM: JUIMHHOM u KopoTkol. KopoTkas u
JUIMHHAs PEXyILIHe KPOMKM padOTalOT B pas3iny-
HBIX yCIOBHSIX pe3aHus. JmmHHAS pexyrias KpoM-
Ka — B YCIIOBHSIX MOTIEPEYHOTO PE3aHMsI, U U3HOC ee
MEHBIIE B OTINYHE OT KOPOTKOH PEKyIIeH KPOMKH,
YYacTBYIOIIEH B IMPOJIOTEHO-TOPIIOBOM BHJIE pe3a-
Hus. [loaTomMy ynpoyHeHne pexylux KpOMOK HH-
CTPYMEHTA SIBJIIETCSI BECbMA aKTYyaJbHOM 3aaauei.

Lenpro manHON pabOTHI OBUIO M3y4YeHHE M3HO-
COCTOMKOCTH M XapaKTepa U3HOCA JIBYXJIE3BUHHBIX
HOXeH (ppe3 ¢ HAMBUICHHBIME HOHHO-TUIA3MEHHBIMHU
TIOKPBITUSIMU M OTIpeZieNIeHHE pecypca paboTsl MO-
JTU(QHUIMPOBAHHOTO WHCTPYMEHTa MpU Tpoleccax
pe3aHus XBOMHBIX MTOPOJI APEBECHHBI.
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IKcnepuMeHTAJIbHAsT 4acTh. Mo—N MOKpHI-
THAS OCAXJAJINCh HAa TOBEPXHOCTH PE3IOB METO-
nom KUb na ycranoBke BY-2MBC B aBa srtama.
[IpoBogmmace mpenBapuTenbHas 0OpaboTKa HO-
HaMu  MonubGpeHa B Bakyyme 10° [la mpu
OTpULIATEILHOM TIOTEHIIMaJe NoaJIoXKku 1 kB.
3aTeM MOKPBITHS HAHOCWINCH IIPU TOKE TOPEHHS
nyru karoga 180 A u omoproM HampspkeHUU U,
= 120 B B armocdepe asora npu pasiaeHun 10
ITa. Temmneparypa mnpH  OCaXAECHUU  CO-
OTBETCTBOBAJA 400-450°C. Tonmunaa
MIOJIyYeHHBIX MOKPBITHI HE MpeBhIIaia 3 MKM.

@Da30BbIil COCTaB MOJIy4eHHbIX MO-N NOKpHI-
TUI MCCIeI0BalIcs METOJIOM PEHTI€HOCTPYKTYPHO-
ro aHaJm3a rnpu nomoriu audpaxromerpa JJPOH-4.0
B Cu-K, m3nyuenun. /{1 BBISICHCHHUS] MEXaHU3MOB
M3HOCA TOKPBITHMH W OIpeNeleHnss HU3HOCOCTOM-
KOCTHU JBYXJIE3BHUMHBIX HOXKEH IPU MEXaHUYECKOU
00paboTKe ApeBecHHBl OBUIM MPOBEACHBI (HPAKTO-
rpauyeckue McciieioBaHus MOPQOJIOTHU U diie-
MEHTHOTO COCTaBa PeXyIleHd KPOMKH MHCTPYMEHTA
ocjIe POU3BOACTBEHHBIX MCIBITAHUN C IOMOIIBIO
METOJIOB PEHTI€HOCIEKTPAIbHOIO MHKpOAHAIN3a
(PCMA) 1 pacTpoBOii 371€KTPOHHON MHKPOCKOIIHH
(POM) Ha ckaHMpYIOIIEM 3JIEKTPOHHOM MHKPO-
ckonie LEO-1455VP.

B kauecTBe pexyIiero MHCTPYMEHTA HCIIOJIb-
30Basiach (pe3a, COCTOAIIAs W3 JBYXJIE3BHHHBIX
CTalbHBIX HOXKEH. M3HOCOCTOMKOCTH pexyIEero
MHCTPYMEHTa HCClIeAoBajack Ha (pe3epHO-Opy-
cytomeit muanu Gupmel SAB (I'epmanus) npu 00-
paboTke OpeBeH M3 COCHBI U €M Ha JiepeBooOpada-
teiBatorieM komouHate OAQO «bopucosckuii JJOK»
r. bopucoBa. Cpemauii nuamerp oOpadaThIBa@MbIX
OpeBeH cocHbI U enu coctaBwi 20,4 cM, TIpu TOI-
LIMHE WEeNbl 5 MM U JUIMHE ekl 25 MM. Y101 cpe-
3a TOpIIa MIEeMbl coCTaBsT 45°.

Pe3yabTathl U ux o0cy:kaeHue. YCTaHOBIIE-
HO, uTo Tipu KWb ocaxkmennn monnbaeHa B cpee
azoTa Ha peser; oOpasyercs OByX(a3zHoe TOKPHI-
THe, cocTosee u3 (pa3 HATpHUIa MOJTUOICHA U Me-
tamta (6-Mo,N u a-Mo) ¢ Tekctypoit (200), dop-
MHUPOBAHUE KOTOPOH OOYCIIOBJIEHO POCTOM 3€pEH

B HAIPAaBJIEHUM IUIA3MEHHOIO IIOTOKAa, YTO COOT-
BETCTBYET JIaHHBIM [4].

CyMMapHOe KOJMYECTBO IITYK 00pabOTaHHBIX
OpeBeH N ¢pe3aMu ¢ ABYXJIC3BUHHBIMUA HOMXKaAMHU
PacCUYHTHIBATIOCH IO (hopMyTIe

N =40/nD’Lg,, (1)

riae O — o0beM nepepadoTaHHOTo Matepuana; D —
auamerp OpeBHa; Lg, — JUIMHA OpeBHA.

B pesynbrare cymmapHoe KoiauuecTBo obOpa-
OOTaHHBIX OpPEeBEH COCHBI M €M COCTaBHIO N =
= 9497 mr.

CymmapHblii TyTh pe3anus pesia L 0e3 mo-
KPBITHUS B IPEBECUHE BBIUUCIISUICS 110 hopmyJie [S]:

L
L=N._%«
S

z

,» (2

0, 2
xj (@+R-sin6) +(R-cose)2d9
b 21

rae S_—mnojada Ha pesell, MM; 6, — yron Bxozia Hoxa
B JIpEBECUHY, I'pajl; 0, — yroa BbIXO/a HOXKa U3 Jpe-
BECHHBI, TPaj; kK — YNCIIO0 HOXKEBBIX CHMpAIeH, IIT.;
[ — nnmHa seMenTa menbl, MM; 0 — yroa KoHTakTa
HOXa, I'paJ; R — pagnyc pe3aHus HOXkKa, MM.

CyMMapHBbIii MyTh pe3aHusl ABYXJIE3BHIHOTO
HOXa 0€3 TIOKPBITHA B JPEBECHHE BBIYMCIISJICS B
MaTteMmaTryeckoM makere MathCAD.

IlomyueHHble pe3yapTaThl CyMMapHOIO 3Haue-
HUSl TYTH pe3aHus pe3na 0e3 MOKPBITHS B JpeBe-
CHHE COCHBI U €JI1 TI0 JHSAM HEJENH MpeACcTaBICHbI
B TaOnue.

IIpoBeneHHbIN NpeABApUTENIbHBIN pAacUeT H3-
HOCOCTOMKOCTH PEXYILEro HHCTPYMEHTa Ha OCHO-
Be JaHHBIX POM (puc. 1) mokaspIBaeT yBeJn4eHHE
M3HOCOCTOMKOCTH Pe3L0B C MOKpHITHAMH Mo—-N
B 4 M C TIOKPBITUSAMHU HAa OCHOBE S-COCTaBJIAIONIECH
B 5 pa3 M0 CPaBHEHUIO C pe3laMu 0e3 MOKPBITHS.

Panee ycranoBneHo, uto paboyasi OBEpXHOCTh
TBEPAOCIUIABHBIX HOXKEH 0€3 MOKPBITHS MOJBEpIKe-
Ha XPYNKOMY pa3pyLIEHHIO B BHJE CKaJbIBAaHUS
Y BBIKpAIIMBaHUs B IPOLECCE dKCIUTyaTauuu [6].

Pe3yJ’l]>TaTI>I IIYTH pe3aHus IP€BECUHBI PE3LIOM 0e3 MOKPLITUA

Jenp Henenu 06pe?6((3)1;:?14HHx Cpenmit flmenza HyTS}I;Z;\:l?{I;;LgIoma

OpeBeH, M° AMAMETP, CM | GpeBeH, M 6e3 TTOKpBITHS, L, MM
ITonenenbHUK 160 4,933 - 10°
BropHux 152 4,686 - 10°
Cpena 204 40 6,289 - 10°
Yernepr 230 ’ 7,091 - 10°
[IsrraAna 162 4,994 - 10°
Cy660Ta 333 1,027 - 107
Bcezo 1241 3,826 - 107
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Puc. 1. POM u3obpaxxeHue MOBEPXHOCTH TOPIIA
PeXKyIIeH KPOMKH pe3lia C pacueToM JHaMeTpa
3aKpyIJICHUs] N3HONICHHOM YacTH KPOMKH pe3la
6e3 nokpeIThs (a), ¢ Mo—N nokpsiTHEM (0),
C TIOKPBITHEM Ha S-0CHOBE (8) TIOCIIe 1epeBO0OPadOTKH

OcakieHre TOKPBITHSI HAa TIOBEPXHOCTh pe3la
M3MEHsIET XapakTep U3HOCa PEXyIIel KPOMKH MHCT-
pyMeHTa: HaOIOIaeTCsl CrilaXKnBaHUEe 00pasyFrOITIX-
csl B IIPOLIECCE M3HOCA TPEIIUH MOBEPXHOCTU Ma-
tepuana (puc. 2, 3).

[IpucyrcTBre 3HauUMTENBHON nomMM (asbl Me-
Tanmdeckoro MonubOaeHa B Mo—N MOKpBITHSIX,
BEPOSITHO, BBI3BIBACT CHIDKEHUE KOI(PPHUIKEHTa
TPEHUs 3a cUeT HaJMIaHWs Ha pe3el] MeTajuinye-
CKMX 4YacTHL 0-MO MOKpBITUSI MPH U3HOCE U TIO-

CIICYIONEero MX e(OopMalOHHOTO BTHPAHHS B
WHCTPYMEHT B 00JIaCTh KOHTaKkTa ¢ oOpadaThIBa-
€MBIM MaTepuaioM. B pesyibraTe NPOUCXOIUT
YMCHBIICHUE HICPOXOBATOCTH IMOBEPXHOCTU TPEKaA
n3Hoca. O0 3TOM CBHIETENHCTBYIOT 3ariIa)KEHHBIN
BUJ TPCKOB M3HOCA I 3TUX THUIIOB HOKpLITI/Iﬁ Ha
POM ¢ororpadusx pexyuied KpOMKH HWHCTPY-
MeHTa (puc. 2, a).
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o

Puc. 2. POM u3o0paxeHre OBEpXHOCTH (a)
U paclpesielieHle XapaKTepHCTHUECKOTO
peHTreHoBcKoro u3nydenus Mo, Fe u Cr

B0 JIuHUU AB (6) Mo—N nokpsiTHs
M3HOIICHHOH pexyIleil KpOMKH pe3na

Habmronerre TpermyH 1 CKOJI0B Ha TIOBEPXHOCTH
PEeXyILIEH KPOMKH CTaJIbHBIX PE3LIOB C IMOKPHITUIMU
Kak Mo—N, Tak M Ha OCHOBE S-COCTaBJISIOLICH
(puc. 2, a, 3, a) pacmApsieT BEIBOI O XPYIIKOM pa3-
pyuicHuU B BHUAC CKAJIbIBaAHHA W BBIKpAIIHMBAHUSA
B MpOLECCe DKCIUTyaTalid MOAU(GHUIIMPOBAHHOIO
HWHCTPYMEHTA, U3TOTOBJICHHOT'O HE TOJIbKO M3 TBEP-
JBIX CIIJIaBOB, HO Y U3 CTAJIbHBIX OCHOB.

3HAUUTETHPHOE YBEIWYCHUE H3HOCOCTOMKOCTH
pe3loB C TOKPHITUSMH HAa OCHOBE S-COCTaBIIS-
IOIIEH, TTO-BUANMOMY, CBA3aHO C OOpa3oBaHUEM B
Mpoliecce pe3aHusi B 30HE KOHTAKTa pe3ell — Jepe-
BO CJIOSI-CMa3KH, COCTOSIIETO U3 CEPbl U METAJLIH-
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YECKUX BKJIIOUEHUI Marepuajia mHcTpymeHTta. Ha-
JIUYHE CIIOS-CMa3KH CYIIECTBEHHO YMEHBIAET KO-
s punment TpeHus 3a cueT mpeodIamaHus B CIOE

qacTul] CEPbl, UMCIOINX HU3KYHO MHUKPOTBEPAOCTD.

[To HameMy MHEHHWIO, CTPYKTypa IOKpPBITHS Ha
OCHOBE S-COCTaBIIAIOIICH COMCPIKUT IOJABIIS-
IOIIYIO JIOJIF0 MEJKOANCIIEPCHBIX CyO3epeH HeCBs-
3aHHOHM Cepbl, KOTOPBIC JIETKO BBIICISIOTCS Ha T10-
BEPXHOCTb JAHHOTO TIOKPBITHS, 00pa3ysi OCHOBY
CIOSI-CMa3Kl M, B HTOTe, SIBISSICH TMPHYMHOM
YMEHBIICHUS] KOd(QQHIUEHTa TPEHUS MEXIYy MO-
BEPXHOCTSIMU pe3lia U IepeBa.

100

W HTEHCUBHOCTD, IIPEL. €11

1 16 31 46 61 76 91 106 121136 151 166 181 196
Paccrosane, MM

o

Puc. 3. POM uzo0paxxcHre OBEpXHOCTH (a)
U pacupeesicHIe XapaKTePHUCTHIECKOTO
peHTreHoBckoro u3nydeHus Mo, Fe u Cr

BIIOJIb THHUKA AB (6) TIOKpPBITHSI Ha S-OCHOBE

M3HOUICHHOH PeXyIIEel KPOMKH pe3La

Ha ocHOBe BBIIIEH3IOKEHHOTO MOYKHO 3aKIIIO-
YUTb, YTO NPU PE3AHUU XBOMHBIX MIOPOJ IEPEBA ABYX-
JIE3BUHHBIMUA HOKaMH HaOmonaeTcsi abpa3uBHO-

XUMHYCCKHM BUJ U3HOCA NOBEPXHOCTHU MHCTPYMCHTA.

3akaouenne. TakuMm 00pa3oMm, OCaKIEHHbBIE
MerojoM KWUbB mokpbiTHsS Ha cTalbHbIE JIBYXJIE3-
BHUHHBIE HOKM COOpHBIX (hpe3 oOecreunBaroT Mpu
00paboTKe MaTepHaIOB U3 XBOWHBIX MOPOJ Jepe-
Ba CYIIIECTBEHHOE IOBBIIIEHNE U3HOCOCTONKOCTH
pexymero uHcTpymenrta. llpu sTom HamGoiee

3¢ (eKTUBHBIM SBISETCS MOKPHITHE HA OCHOBE S-
COCTaBJISIOIICH.

ONBITHO-TIPOMBINIIICHHBIE HCTIBITAHUS B yCIJIO-
Busx npousBoactBa OAO «bopucosckuit JJTOK»
r. boprcoBa moaTBepKIal0T aKTyalbHOCTH MPOBE-
JICHHBIX HCCIICJIOBAHMI, a TakKe HE0OXOIUMOCTh
MOBBIIICHNSI U3HOCOCTOWKOCTH M, TEM CaMbIM, pe-
cypca paOoThI JepeBOPEXKYIIEro CTaIbHOTO MHCT-
pyMeHTa.

IIpoBeneHHbIe TIPOM3BOICTBEHHBIE HMCIIBITAHUS
MOKa3aJIi yBeIMYEHNE U3HOCOCTOMKOCTH PE3IOB C
MOKPBITUSIMA Mo—N ¥ Ha OCHOBE S-cOCTaBis-
foneil B 4 u B 5 pa3 COOTBETCTBEHHO IO CpaBHe-
HUIO C pe3liaMu 0e3 MOKPBITHSL.

CdhopmupoBaHHBIE TOKPBITHS H3MEHSIOT Xa-
pakTep M3HOCa pEeXyIlell KPOMKH HHCTPYyMEHTA.
ITpu pesannu XBOMHBIX IOPOA AEpPEBA BYXJIE3BUN-
HBIMH HOXXaMH HaOJroaercst abpa3uBHO-XUMHUYE-
CKUH BHJ U3HOCA TIOBEPXHOCTH HHCTPYMEHTA.
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