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MOBBINEHUE W3HOCOCTOMKOCTHU PE3bBOHAPE3HOI'O HHCTPYMEHTA
HA OCHOBE BbBIBOPA OIITUMAJIBHOI'O TBEP1OI'O AHTU®PUKIIMOHHOI'O
HHOKPbITUA

HccnenoBanbl (PU3MKO-MEXaHUYECKUE U TPUOOJIOTHMYECKHE CBOMCTBA H3HOCOCTOMKHX
AHTU()PUKIIMOHHBIX TOKPBHITHI MPUMEHUTEIBHO K YIIPOYHEHUIO PE3bOOHAPE3HOTr0 MHCTPYMEHTA.
Paccmotpenst nznococroiikue mokpbitust Ti-Al-N u Cr-Mo-N, ocaxxaembie B BakyyMe ¢ TIOMOIIIBIO
9JIEKTPOAYTOBOTO MCTOYHMKA IUIa3Mbl M CEMapaluy IUJIA3MEHHOTO IOTOKa, W MHOTOCIOWHOE
HaHomokpeitue Si-O-C-N, HaHOCHMOE METOI0M OeCKaMEepHOr0 XHMHYECKOTO OCAXKICHUS IPU
aTMOC(EPHOM JaBJICHUU C IPUMEHEHUEM JIETYUHX KHUJIKAX dJIEMEHTOOPTaHMYECKUX COCTUHEHHUHA U
ra3oBbIX Cpe€Jl C OJJHOBPEMEHHOW aKTHBAlMEW MOBEPXHOCTH 3JEKTPOAYTOBOM ILIa3MOM (Iporiecc
(GbuHUIIHOTO I1a3MeHHOro ympouHeHnwus). [IpuBegeHbl METOMUKH HCCIEAOBAHUN, UCHBITAHUN U
BbIOOpA ONTUMATILHOTO MOKPBITHUS, & TAKXKE PE3YJIbTaThl MPOMBIIIICHHOTO BHEAPEHUS TEXHOJIOTUI
(OMHHUIITHOTO TUIA3MEHHOTO YIPOYHEHUS Pe3b00OHAPE3HOTO HHCTPYMEHTA.
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INCREASE OF WEAR RESISTANCE OF THE THREAD-CUTTING TOOL ON THE
BASIS OF A CHOICE OF AN OPTIMUM FIRM ANTIFRICTIONAL COVERING

Physical and mechanical characteristics of abrasion resistant anti-friction coating as applied
to thread-cutting tools hardening are examined. Abrasion resistant coatings Ti-Al-N and Cr-Mo-N,
vacuum-deposited with help of arc plasma source and plasma flow separation, and multi-walled
nanocoating Si-O-C-N, laid off through beadless immersion plating under atmospheric pressure
with the use of volatile liquid organ elemental compounds and gaseous atmosphere with

simultaneous surface activation by electric arc plasma (process of finishing plasma hardening) are



studied. Research, testing, certification techniques and methods of optimum coating choice are
given, as well as the results of industrial introduction of finishing plasma hardening of thread-
cutting tools.

Key words: modification, finish plasma strengthening, wear-resistant nanocoating,

nanoindentation, tribological tests.

Llenv nocmasnennoii 3adauu. AKTYaqbHOCTh M HaydHass 3HAYUMOCTh MCCIIEIOBAHUM
3aKJIIOYAIOTCA B peajn3alliid CHCTEMHOrO IOJAXOJ1a, SIBJISIIOIIEroCsS METOJI0JOTHYECKONH OCHOBOM
paboThl, K U3yUEHUIO MpolieccoB GOpMUPOBaHUS (PU3UKO-MEXAaHHUUECKUX CBOIMCTB MOBEPXHOCTHOTO
CJIOSl C TBEPABIMH aHTH(PPUKIHMOHHBIMH TOKPBITUSIMUA U BBHIOOPY ONTHUMAIILHOTO YIPOUYHSIONIETO
MOKPBITHS 10 ITapaMeTpaM HaHOWHJICHTUPOBAHUS.

Ilymu pewenus nocmasenennot yeau. OmnpeneneHue TpeOOBAaHUN K TMOKPBITHSIM TS
pe3b0oHape3Horo uHCTpyMmeHTa. MccienoBanue (U3HKO-MEXaHHMUYECKUX U TPUOOIOTHYECKUX
CBOMCTB COBPEMEHHBIX TBEP/IBIX aHTU(PHUKIIMOHHBIX MOKPHITUNA. BEIOOP U peanu3amus TeXHOJIOTHN
HAHECEHUSI TPUOOJOTUYECKUX TOKPHITUN I pe3bOOHAPE3HOI0 WHCTPYMEHTA, OCHOBAHHBIC Ha
00ecrevYeHny TOCTaTOUHBIX aIT€3MOHHBIX XapaKTEPUCTHK C OCHOBHBIM MaTepUaioM U MOBBIIICHUN
aHTU(PUKIIMOHHBIX CBOMCTB MPHU ONTUMAIBHBIX (PU3UKO-MEXaHUYECKUX CBOMCTBAX, OMPEACIIeMbIX
HAaHOWHACHTUPOBaHHEM. [IpOMBINUICHHBIE  HMCHOBITAHHS  ONTUMAJIBHOTO  TPUOOJIOTHUECKOTO
MTOKPBITHS.

OngHuM U3 NPUOPUTETHBIX HANpaBICHUN PA3BUTHUS HAYKH M TEXHHUKHU SIBIIIETCA CO3/1aHHE
HOBBIX MaTEpHAJIOB, B YACTHOCTH C MHOI'OKOMIIOHEHTHBIMM M HAaHOKOMIIO3UTHBIMU TOKPBITUSMH.
YHUKaTBHOCTH JTAHHBIX TTOKPBITUMA 3aKIIF0UAETCs B BEICOKOW 00BEMHOM J10J1e TpaHuI] pasnena ¢a3 u
WX TPOYHOCTHU, OTCYTCTBHHM JIUCIOKAIMA BHYTPH KPHUCTALIUTOB, BO3MOXHOCTH W3MEHEHUS
COOTHOIIIEHUSI OOBEMHBIX JONIeH KpHCTaNIndecKo u amop¢Hoil (a3, B3auMHON pacTBOPUMOCTH
METAJUIMYECKMX M HEMETANINYECKHX KOMIIOHEHTOB [l]. DTm cBoiicTBa NO3BOJISIOT MOJIy4YaTh
MOKPBITHS C YIYYIICHHBIMA (DU3UKO-MEXaHUYECKUMU CBOMCTBAMH, TAKUMHU KaK BHICOKHE 3HAUCHUS
TBEPAOCTH, YIIPYTrOro BOCCTAHOBJICHUS, IPOYHOCTH, KapO- U KOPPO3UOHHOM cTOMKOCTH. [Tpn 3TOM
B TIOCTIE/IHEE JACCATUIICTHE YIENSeTCs MOBBIIIEHHOC BHHMaHUE K TPUOOJIOTHYECKHM CBOHCTBaM
TaKUX TOKPBITUH. B CBSI3M ¢ STUM pa3BUBAeTCs 1€J0€ HAaydyHOE HAampaBlIeHHE — TPHUOOIOTHUS
MOKPBITHI [2, 3], CHOCOOCTBYIOIIEE IMONTYYCHHIO HOBBIX 3HAHWH, CBSI3aHHBIX C ITOBBIIICHUEM
JIOJITOBEYHOCTH U HAJIEKHOCTH Y3JIOB TPCHHS MAIINH, MEXaHU3MOB U MHCTPYMEHTA.

OpHrM #3 HampaBleHUH WMCIOIb30BaHUS TPHUOOIOTUYECKUX (aHTU(QPHUKIIMOHHBIX U
M3HOCOCTOMKHUX) MOKPBITUH SBISETCS MOBBIIIEHNE JOITOBEYHOCTH PE3bOOHAPE3HOTO HHCTPYMEHTA,

KOTOPBI  IIUPOKO TPHUMEHSIETCS B  MAIIMHOCTPOHUTEIBHOM  IPOU3BOACTBE. Ilockombky



pe3pOoHape3aHne SBISIETCS] OJHOM M3 MOCIEIHUX OIepanuid mpu obpaboTke aeraneid (0COOEHHO
KOPITYCHBIX), HaJIS)KHOCTh M pecypc paboThl pe3b00HAPE3HOTO MHCTPYMEHTA HANPSIMYIO CBS3aHBI C
HYKOHOMHUYECKUMH TMOKA3aTeIsIMH MPEINpPUATHS B IEJIOM, TaK KaK II0JIOMKA, 3aKJIMHHBAaHUE,
CXBaThIBAHWE HWHCTPYMEHTA IPHUBOAMUT K IOSBJIECHUIO IPAKTUYECKM HEUCIIPaBUMOro Opaka, a
nedeKTsl pe3bObl (3aaupbl, OOJIBIIAs IIEPOXOBATOCTh, BBIKPAIIMBAHHUE, 3ayCEHIIBI) BEIYT K
YBEIUYEHUIO CEOECTOMMOCTH U3JICIINH.

PbiHOK MMIOPTHOrO pe3p0OHape3Horo MHCTpyMmeHTa npumepHo Ha 70 — 80% cocTout u3
UHCTPYMEHTA CO CIeHATbHBIMHA TOHKOIUICHOYHBIMH ((1...3) MKM) H3HOCOCTOMKHMMHE MOKPHITUSMH,
KOTOPbIE HAHOCATCA HA 3aKIIOYUTENIBHOW CTaAMM €ro WM3rotoBieHus. Ilpu 3ToM H3BECTHO, 4YTO
pe3bOOHape3HOW WHCTPYMEHT C MOKPBITHEM SBISIETCS MaKCUMalbHO 3((deKTuBHBIM U Oosee
JIOJTOBEYHBIM.

B Hacrosmiee BpeMs Ui yIpOUHEHHs pe3b00OHAPE3HOI0 MHCTPYMEHTA, U3rOTaBIMBAEMOI0 B
OOJNBIIMHCTBE CIy4aeB U3 OBICTPOPEXYIIUX CTajei, HCIONb3YIOTCS (U3MUECKHE METOMIbI
OCXJICHUS TOKPHITHA HAa OCHOBE TYrOIUIABKUX COEAMHEHUH W3 HHUTPHIOB, KapOWIOB,
KapOOHUTPHUIIOB THTaHA, XpOMa, LUPKOHUS, OKcuaa amomuHusA. Kaxmas 3apyOexHas dupma,
M3rOTaBJIMBaIOLIAsl pe3b00OHAPE3HON HHCTPYMEHT, HAHOCUT MHAMBUyalbHOE MOKPBITHE (I10]] CBOEH
TOPIrOBOW MapKoi), KOTOPOE MOKET UMETh pa3Hblii COCTaB, KOJIMYECTBO U TOJILUHY CIIOEB.

OCHOBHBIMH TPEeOOBAaHUSIMH K TIOKPBITHIO, HAaHOCHMOMY Ha pabo4me IOBEPXHOCTH
pe3b00Hape3HOro MHCTPYMEHTA, SIBJISIFOTCS:

- MOBBIIIEHHAs: ~ TBEPJAOCTh,  IpEBBIIAIONIAs  TBEPAOCTh  MHCTPYMEHTAJIBHOTO U
o0OpabaTbIBaeMOro Marepuaa;

- HU3KUHN K03 PULMEHT TpeHus ¢ 00pabdaTbIBa€MbIM MaTEPHAIIOM;

- BBICOKAs! aJIre3usi K HHCTPYMEHTAIbHOMY MaTepuay;

- XUMUYECKass UHEPTHOCTh MPH B3aUMOAECHCTBUM ¢ 00pabdaThIBa€MbIM MaTEpUAIIOM;

- MOBBIIIEHHAs]  KapOCTOMKOCTh  (YCTOMYMBOCTH K  OKHCIEHHUIO TPH  IOBBIIIEHHBIX
TEMIEpATypax pe3aHus);

- BBICOKAasl CONPOTHBIISIEMOCTh YCTAJOCTHOMY pPAa3pyIICHHIO B YCIOBHSX ITHKINYECKHX
Harpy3oxk;

- 3alUTa OT BOJJOPOJTHOTO N3HAIIMBAHMS,

- HU3Kas TEIUIONPOBOAHOCTh JUISI YMEHBIICHHS BIUSHHUS TEMIIEpaTyp pe3aHusi Ha
WHCTPYMEHTAJBLHBIN MaTepral U OTBOJI TEIIa B CTPYKKY;

- BBICOKO€ YJIEIbHOE 3JIEKTPUUECKOE COMPOTHBIICHHUE JJIS1 YMEHBIICHHUS 3JEKTPOIPO3UOHHOTO

HN3HalIMBAHUS IPU TPCHUU U PC3aHUU MCTAJLIA.



Jnst 5pdekTHBHOTO yMPOYHEHUS PE3bOOHAPE3HOT0 HMHCTPYMEHTAa B MEXIYHApOIHOU
IIPAKTUKE HCIIOJIb3YIOTCA CIEAYIOIME BHJbI HOKPBITHI, OTHOCAIIMECS K HAHONOKPBITHSAM: C
MHOT0()a3HOM CTPYKTYpPOH Pa3IU4YHOTO THIIA; C TIEPEMEHHBIM I10 TOJIIMHE COCTAaBOM; CO CIOMCTOM
CTPYKTYpOil; ¢ IPUMEHEHHEM TBEPI0-PAaCTBOPHOIO YINPOYHEHHUS; C aMOP(HO-KPUCTATUINYECKUM
WA aMOP(HBIM CTPOCHHUEM.

Ha ocHoBaHMM aHanmu3a CBOMCTB pa3iIMYHbBIX TPUOOJIOIMYECKHUX MOKPBITUN U 3apyOe’KHBIX
JAHHBIX I10 HUX IMPAKTUYECKOMY MPUMEHEHMIO [UIsl YIIPOUHEHUS pe3bOOHApe3HOro0 MHCTPYMEHTA
ObUIM BBIOpaHBl TPU BUAA NOKPBHITUH IS TAJIbHEHIINX UCCIIe0BAaHUM:

- IOKPBITHE C TBEPJIO-PACTBOPHBIM YIPOYHEHUEM M3 COEIMHEHMH C pa3HbIM THIIOM
MEKaTOMHBIX cBsizel cucteMsl Ti-Al-N TonmuHoit 3 MKM, IBET MOKPBITHS — (PUOJICTOBBI;

- MOKphITHE ¢ MHOTodasHoH cTpykTypor cuctembl MO-Cr-N rtommmuoit 3 MKM, 1BeT
HOKPBITUS — CEPEOPHUCTBIIA;

- HaHOKOMIIO3UTHOE MHOT'OCJIOWHOE MOKPBITHE C aMOP(PHO-KPUCTAINYECKON IeTeporeHHON
ctpykrypoit cuctemsbl Si-O-C-N TonmumHol 1 MKM, IIBET MOKPBITUS — PaTy>KHBIH.

[lepBbie 1Ba MOKPBHITHS HAHOCWINCH B BaKyyM€ C IOMOUIbIO 3JEKTPOAYIOBOIO MUCTOYHHKA
IUIa3Mbl M Cenapalnuy IJa3MEHHOTO MOToKa [4], TpeTbe MOKPHITHE — METOJIOM OecKaMepHOIo
XMMHUYECKOTO OCaXJEHUS HpU aTMOC(HEpPHOM JaBJICHUU C HIPUMEHEHHMEM JIETyYUX JKUAKHX
AJIIEMEHTOOPTAaHUYECKUX COCAUHEHNUN U Ta30BBIX CPEJ C OJTHOBPEMEHHOM aKTUBALMEN TIOBEPXHOCTH
AJIEKTPOJIYTOBOM IIa3MOM (Tporiecc (PUHUIITHOTO TIa3MEHHOTO0 yIipouHeHus ) [5]. Beibop pexxumon
OCaXJIeHUs TOKPBITUI 0azupoBayics Ha MOJTYYEHUH MX ONTUMAJbHBIX aJr€3HMOHHBIX CBOMICTB Ha
Marepualie oCHOBBI (cTamu P18).

OneHka HM3HOCOCTOMKOCTH TOBEPXHOCTEM MPAaKTUYECKH CBOAMUTCA K PAacCMOTPEHUIO
CJIIO)KHOTO  B3aUMOOTHOLIEHHUS JBYX HPOTHBOPEYMBBIX CBOWCTB MaTepHalloB, a MMEHHO,
IUIACTUYHOCTH W TNPOYHOCTH. B wuaeane [uid  M3HAIIMBaeMbIX JeTajlell  HeoOXOAMMO
npeaycMaTpuBaTh HaHECEHHE Ha MX pabouyre MOBEPXHOCTU MOKPBITHH, KOTOpBIE JOJIKHBI UMETh
ONTUMU3UPOBAHHBIE XAPAaKTEPUCTHUKU IMPOYHOCTHBIX U IJIACTHUECKHUX CBOMCTB, MAaKCHUMAaJIbHYIO
aAre3ur0 K OCHOBE, M HE coJepXaThb Je(eKTOB, MNPUBOAIIIMX K OBICTPON Jerpajganuu
MEXaHUYECKUX U (YHKIMOHAJIBHBIX XapaKTEPUCTHUK.

ITo MexxTyHapOAHBIM CTaHAApTaM (PU3NKO-MEXAaHUYECKHE CBOWCTBA MOBEPXHOCTHOT'O CIIOS €
MeTAIITMYECKUMHU u HeMeTaJUTNYEeCKUMHU HOKPBITUSIMU oTpeeNsoTCs METOJIOM
HaHouHaAeHTHpoBaHUs 110 1SO 14577-4:2007. JIns MOBBIMIEHHS CTOMKOCTH K YIIPYrol neopManuu
paspyleHust 1 YMEHbIIEHHUS TUIACTUYECKON JeopMalluu MaTeprall MOBEPXHOCTHOTO CIIOS TOJIKEH
o01agaTh BBHICOKOH TBEPAOCTHIO NMPH HU3KOM MOJYJe YNpPYrocTu. Bricokas TBeplOCTh MaTepuala

TapaHTHPYET YCTOMYMBOCTH K IapanmuHaM ¥ aOpa3uBHOMY HW3HAIIMBAHUIO, a HU3KUWA MOIYIh



yIPYrocTH 00ECHEeUnBAET BBICOKYK YCTOMYMBOCTh K IUIACTHYECKOM AedopManuu M MO3BOJISET
3aIaHHOM HArpy3Ke paclpenensThCs B mpeaenax Oonee mupokod obmactu [1]. s
KOJINYECTBEHHON OIIEHKHM CTOMKOCTH MarepHaja MOKPBITHS K YIpyrou nedopManuu pa3zpymieHus
HCTIONB3YETCs BEMYNHA OTHOLICHAS HAHOTBEPIOCTH K S(heKTHBHOMY Moaymo yrnpyroctn H/E,
Ha3blBaeMasi TaKXKE€ MHHIEKCOM IUIACTUYHOCTH NOKPBITUSA. ODQQPEKTUBHBIA MOAYIb YHOPYTOCTH
E*=E/(1 - v2), rae E — moayns FOnra, v — koaddunuent [lyaccona [l ONCHKH CONMPOTHUBICHUS
IUTACTHYECKOH  jneopmammy  npumensiercss mapamerp HYJE'2. B kadecTBe mapamerpa,
XapaKTepU3YIOILEro MPOYHOCTh IMOBEPXHOCTHOI'O CJIOS, CBA3aHHOIO C YIPYTMM BOCCTAHOBJICHHEM
CBOWCTB IIpM HAHOMHJIEHTHPOBAHMHU, HCIOJIb3YeTCSd IapaMeTp YIPYroro BOCCTAHOBIICHHUS
We. = (Nmax — hr)/Nmax, Tt Npax — HanOoMbIIas TTyOMHA BHEAPECHUS WHICHTOPA MPU M3MEPEHHUU
HAHOTBEPIOCTH, Ny — rIIyOrHA BHEPEHHS MHICHTOPA MIOCIIE CHATHSI HArPy3KHU.

Takum o00Opa3oMm, BBIOOP ONTUMAIBHOIO YIPOYHSIOLIETO MOKPBITUA IO Mapamerpam
HAaHOMHJIGHTUPOBAHUS MOXET ObITh NPOU3BEJIEH Ha OCHOBAHUU OIPEJEJICHUS BBIIEHA3BAHHBIX
KPUTEPHEB M MX CpaBHEHUH. [Ipu 3TOM O0jiee M3HOCOCTOWKUM SIBIISICTCS TOKPHITHE C OOJBIINMHU
3HAYCHUSAMU KPUTEPUEB HIE", HYE? u napamerpa W, Kpome 3toro, ains MUHMMM3ALUN YOPYTUX
HalNpsDKEHWH Ha TIpaHMLle pas3fena «IOKPbITHE — MOJUIOKKa» W BHYTPEHHHX OCTaTOYHBIX
HalpsDKeHUH B cucTeMe HEeOOXOAMMO CTPEMHUTHCS K MOJIYYEHHUIO OMU3KUX 3HAUYCHHH MOIyJel
YIIPYrOCTH OCHOBBI M TOKPBITHS. ODTH NPUHIUIBI MOTYT OBITh TaK)Xe HCIIOJIB30BaHBl M TpPU
ONTUMM3AIMHU TEXHOJOTMYECKOro TMpollecca U BBIOOpE PEKUMOB HAHECEHHUS YIPOUHSIOMIUX
MTOKPBITHH.

JInsi HaHOWHIECHTUPOBAHUS B HCCIICJOBAHUAX HCIOJB30BajlCs HaHoTBepaomep T1750Ubi
(Hysitron, CLIA).

[Ipy wu3MepeHMH  HAHOTBEPAOCTH  YYHMTHIBAJIOCh, UYTO MaKCHUMallbHas  IIyOMHa
UH/IEHTUPOBAHUS HE JOJDKHA mpeBblmaTh 10% OT TOJMIIMHBI HCCIEAYEMOrO MOKPHITUSA (A7
UCKJTIOUEHUS BIMSHUSA MOJUIOKKH), a UHICHTUPOBAHHE NPU MaAJION TIyOMHE MOXKET MPUBOAMTH K
MOBBIIIEHHONW MOTpeIHOCTU. s uccaeayeMbpIX TOHKOIJIEHOYHBIX MOKPBITUN (MHOTOCIOWHBIX U
CJIO)KHOT'O CTPOEHHSI), U3MEPEHUs] OCYLIECTBIISUIUCH IMPH Pa3HBIX HArpy3kax [Uisl ONpeaeseHUs
Oosiee OOBEKTUBHBIX MapaMeTpoB H3MepeHusi. CKOpPOCTh MPUIIOKEHUS HArpy3Kd MOCTOSHHAs —
100 mxH/cex. Tun nHaHomHaeHTopa —uHAeHTOp bepkoBuua. MutepBanm Harpy3ok ot 100 no
1000 mxH. Ilepen HauanoMm cepuM MCHBITAHUN MPOBOAMIIACH KaTHMOpPOBKa MprUOOpa Ha STATOHHBIX
oOpa3lax ¢ U3BECTHBIMH MOJYJIEM YIPYTOCTH U TBEPIOCThbIO. B KauecTBe 3TajOHHBIX 00pa3LoB
ucnonp3oBau MoHokpuctaut Si (100) u candup. [{nsa kaxmoro oOpasiia BBITOIHSIINA UCTIHITAHHE
TBEPJOCTH B 5 pa3HbIX MeCTax MOBEPXHOCTU oOpasla (paccTosHue MexXAy HUMHU Obuto 100 MKM).

*
Taxkum oOpazom, 3Hauenus H u £ kaxaoro oOpasiia MpeiCcTaBiIsIOT COO0OM cpeaHue 3HAYCHHS,



MOJIy4YEHHBIE OT MATU OTHedaTkoB. OOpaboTka pe3yabTaTOB U3MEPEHHH MPOBOIMIACH IO METOAY
Onusepa u dapa.

PesynbraTthl u3MepeHust (PU3MKO-MEXaHUYECKUX CBOMCTB pacCMaTpUBAEMbIX MaTEpUAIOB
MOKPBITHII M pacdeTHble 3HadeHusi kpurepueB H/E, HE™? mms pasHbiX ycmimii Harpysku
npuBeneHsl B Tabn. 1, rae H, ['Tla — nanorBepnocts; E, I'Tla — mpuBeaeHHbII MOIYNIb YIPYTOCTH;
H/E* — cToWKOCTh TOKPBITHS K YIPYroil aedopManuu paspyuieHus (MHACKC IUIACTUYHOCTH);
H%E™? — conpornBinenne mmactuueckoii medopmarmm; We, % — goms paGoTH  yIpyroit
nedhopmaruu (ynpyroe BoccranoBienue); HV — tepaocts nmo Bukkepcey; F, MH — usmepurenpHas

Harpyska, hmax, MKM — MaKCUMAJIbHOC BHCAPCHUEC NHACHTOpPA.

Tao0muma 1

Du3nKo-MexXaHNYEeCKHE CBOMCTBA TpI/I60J'IOFI/I‘IeCKI/IX HOKpBITI/Iﬁ

Moxpwiue | H,I'la | E*, I'la | H/E* H3YE™ | W,, % | HV F, MH | hpnax, HM

19 127 0,14 | 0,41 89 1767 0,5 36

22 140 0,15 | 0,57 87 2103 | 0,8 45

Si-O-C-N 19 128 0,15 | 0,44 93 18221 1,0 55
20 123 0,16 | 0,54 82 1900 1,5 71

17 112 0,15 | 0,41 76 1634 2,0 88

25 293 0,09 | 0,19 99 2406 | 0,5 23

Ti-Al-N 37 383 0,10 | 0,36 85 3538 | 1,0 31
38 336 0,11 | 0,50 77 3625 | 2,0 51

32 403 0,08 | 0,20 97 3037 | 0,5 17

Mo-Cr-N 46 409 0,11 | 0,58 91 4350 1,0 28
45 393 0,11 | 0,57 90 [4206| 2,0 46

B cooTBeTcTBHMM ¢ TOJXYYEHHBIMH 3HAUYEHUSMH CBOWCTBA HCCIEIYEMBIX MOKDPBITUH I10
paccMaTpuBaeMbIM KPUTEPHSIM MpakTHUecku paBHO3HAa4YHbI. [lokpeitie cuctembl Si-O-C-N umeer
npuMepHO Ha 25% OoJiee BBICOKYIO CTOMKOCTh K YHpyroi aedopmanuu paspyiieHus (KpuTepuil
H/E*) n Gonee OaM3KMiA MOAYNb YOPYTOCTH K MOAYIIO YIPYTOCTH MaTepHaia IOAI0XKKH — CTallH
P18 — (200...220) I'Tla. Ha ocHOBaHWM TOJYYEHHBIX (PU3NKO-MEXaHHMUYECKUX CBOWCTB CHENATh
OJIHO3HAYHBIN BBIOOp HambOosee 3(G(HEKTUBHOrO MOKPBHITHS Ui YIPOYHEHHUS U SKCIUIyaTallud B
YCIIOBHSX TPEHHS W M3HAITUBAHHS PE3bOOHAPE3HOT0 HHCTPYMEHTA 3aTPYIHUTEIHHO.

B cBs3u ¢ oTUM ObUIM TNPOBEACHBI TPHOOJOTHMUECKHE HWCHBITAaHHUSA, JUISI KOTOPBIX
ucnonb3oBaiuck Tpudomerp Tribometer (CSM, Illeeiinapus) (puc. 1, a)) U MOJACPHU3UPOBAHHAS

mamuna Tperuss MU-1M (puc. 1, 6)).



Puc. 1. O6muii B yCTaHOBOK JJISI TPUOOJIOTUUECKHUX HUCIIBITAHUH.

a) tpudbometp Tribometer (CSM, IlIBeiinapus), 6) MoaepHH3MpPOBaHHAs MallkHa TpeHuss MU-1M

HcnplTanus TpU  WCIOJIB30BAaHMM  TPUOOMETpa  OCHOBBIBAJIHCH HA  HM3MEPEHUU
TEH30JJaTYMKOM CHUJIbI TPEHHsI, BOSHUKAIOLIEH IPU CKOJIBKEHUHU MTPUXKATOTO C 33/1aHHBIM YCHUIIMEM K
o0pa3iy chepuyeckoro HermoABUKHOro kontprena. I[Ipu 3Tom ko3 puuueHT TpeHus onpenemnsics
KaK OTHOIICHHE M3MEPEHHON CHIIBI TPEHUS K YCHIIMIO HarpykeHus. B mpouecce TpuboucnbiTaHuii
CTPOMJINCH KPUBBIC N3MEHEHHS KO PHUIMEHTA TPEHUS U COMMKEHHS HHACHTOPA C TOBEPXHOCTHBIM
CJIOEM HCHBITBIBAEMOI0 00pa3iia, KOPPEIUPYIOLIEro ¢ H3HOCOM MOKPBITHS U MHJIEHTOPA.

Tpubonoruyeckue U3MEpeHust MPOBOAMINCE MO cxeme «Pin-on-disk» («mapuk — AUCK») B
COOTBETCTBUHU ¢ MexayHapoaHbiMu crangapram ASTM G99-959, DIN50324 u ISO 20808 ¢
UCIIOJIb30BAHUEM KOHTpTeNa (IIapuKa @ 3 MM), U3TOTOBJICHHOTO M3 HUTpuAa KpeMHus SizNa. Ipu
KaX/IOM HCHBITAHUM HCIOJb30BAJCS HOBBIM IIApHK, a €ro H3HOC IpU OIEHKe JauameTpa
obpasyromieiics ayHku He mpesbiman (0,1...0,2) mxm. Harpyska Ha KOHTpTeno coctasisuia 5 H.
Jlunetinas ckopocts — 0,1 m/c. [TyTs Tpenus — 80 M. Ilpy UCTIBITAHUSX UCIIOIB30BAICS CMa309HBIH
marepuan SAESWA40. Illupuna crnega wW3HOca TOCHEe TPHOOWCIBITAHWHA —ONpEAENsiach C
UCIIOJIb30BaHHEM HHBEPTUPOBAHHOTO MeTauTyprudeckoro Mukpockona Olympus GX 51.

Pe3ynbTarhl MCHBITAHUI MOKPHITHI W OCHOBHOTO Marepuana Ha TpuOomerpe Tribometer
(CSM, IlIBeiiniapust) mpeacTaBieHsl B Ta0I. 2.

Tabnuna 2

PesynbraThl TpHOOTEXHIMYECKHUX UCTIBITaHUI Ha Tpubomerpe Tribometer (CSM, IIseitnapus)

Cpeanuii N3Hoc, MkM
IHokpsiTHE OcHoBa K03 PpuuuenT Mo rayoune ITo mupune
TPeHHUs caena
— Crans P18 (030) 0,210 6,7 617
Si-O-C-N Cranb P18 (030) 0,038 2,0 99,8
Ti-Al-N Cranb P18 (030) 0,249 5,0 75,3
Mo-Cr-N Cranp P18(030) 0,205 1,6 151,9




Ha puc. 2 npuBenen npotokos ucnbitanuii mokpeiTus Si-O-C-N ¢ rpadukamMu u3MeHEHUS
BO BpeMeHH Kod(duumeHTa TpeHus U riIyOMHBl BHEIPEHUS WHACHTOpA B MaTepHall MOKPBITHSA, a

TaKXXC BH/J ITIOJIOCHI U3HOCA Ha 06pa3ue C ITOKPLITUEM C 3aMCpaMU €€ HIUPHUHBI.
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Ew—- 6) Magnification: 10 x

Puc. 2. IIporoko:n ucnsitanuii mokpeitus Si-O-C-N.
a) rpaduku KodPduUIeHTa TPeHUs U TITyOUHBI BHEAPEHUS HHICHTOPA,
0) BUJ MOJIOCHI U3HOCA TTOKPBITHS

CpaBHUTCIBHBIN  aHATW3  WCHBITAHUH  TOKPBITHA  TMOKa3aJ, YTO MHHUMAIbHBIM
ko3 dunrenToM TpeHus obanaaer nokpeitue cucremsl Si-O-C-N, u oH Gojiee yeM B 5 pa3 MeHbIIE
3HaueHHH Kod(duumenToB Tpenus mokpbituii Ti-Al-N, Mo-Cr-N u martepuana ocHoBsl. Hanmnume
PE3KUX aMIUIMTYJAHBIX HM3MEHEHUH TIyOMHBI H3HOCA MOXKET OIPEACTsAThCS 00pa3yrIUMUCS
NPOAYKTAMH W3HOCA, BIMSIONMMHA HETOCPEACTBEHHO Ha Tmpouecc TpeHus. JlerampHoe
MOJITBEPKJICHUE ITOTO TPEOYeT NOMOTHUTENBHBIX CTATUCTUYECKUX UCCIIeIOBAHU.

OtcyrcTBHE TpUOOJIOTHYECKOTO TIMOKPBITHS Ha Marepuaie oOcHOBbI (ctamu  P18)
KapAMHAILHO U3MEHSIET XapaKTePUCTHKH MTapaMeTPOB TPCHHS M M3HAIMMUBaHUS. KpuBasi n3MeHEHHS

KO3 uIMeHTa TPEHHsI CO BpEMEHEM HMEET BO3PACTAIOLINI XapaKTep, MAKCUMAJIbHYIO TI1yOuHY U

IIUPUHY MOJIOCKI H3HOCA (puc. 3).

Puc. 3. [IpoToko: ucnsiTanuii MaTepraia ocHOBBI (ctaiu P18) 0e3 mokphIThs



CpaBHUTENIbHbIE UCHBITAHUS U3HOCOCTOMKOCTH OOpa3lOB C HUCCIENYEeMbIMU IMOKPBITUSIMU
MPOBOAMIIMCEH HA aBTOMATH3UPOBAHHOW YCTAaHOBKE, CO3/IaHHOW HA 0aze MamuHbl TpeHuss MU-1M u
NpeIHa3HAYCHHOM 7151 TPOBEACHHS TPUOOTEXHUYECKUX UCTIBITAHUN HMIMHAPUIECKUX 00pa3oB U3
METAIMYECKUX MAaTepUalioB M CIUIABOB, TIO3BOJISIOIIUX OMNPEAENATh TpUOOTEXHUUECKHE
MOKa3aTelu [MOBEPXHOCTEH B YCIOBUSAX TPEHHS] CKOJBXKEHHUS TpU TPAaHUYHOM cMaske
HOpPMaJIU30BaHHBIM MeTOI0M B coorBeTcTBUU ¢ [[OCT 30480-97 [6].

[Ipy wuCHBITAHUAX C YCTAHOBJICHHBIMH HArpy3KOM U CKOPOCTBIO CKOJBKEHHS K
Bpalllaloleics MUINHIPUYECKON MOBEPXHOCTU 00pas3la, YaCTUYHO MOTPYKEHHOTO B CMa30YHBIN
MaTepuai, MPUKUMAIICS HEMOABIKHBIN MUIMHAPUYECKUil uHAeHTop. g ycTaHOBKH 00pasloB U
MH/ICHTOPA UCIOJIh30BAJIACh CXEMa CO CMEHHBIMH JIepKATEISIMUA, 00ECTIEYMBAIOIIAs CAMOYCTAaHOBKY
WH/ICHTOPA OTHOCHTEIBHO HCIIBITHIBAEMOW IMOBEPXHOCTH oOOpa3ma Ha MPOMEXKYTOUYHOM
ceprueckoil onope A peaau3aluy JMHEWHHOTO KOHTAKTA.

B mpouecce ucnpiTaHUi C TMOMOIIBIO CHUCTEMBI JAaTUYUKOB HEMPEPHIBHO U CHUHXPOHHO
PETUCTPUPOBAINCH BPEMS HCIIBITaHUS, Harpyska, KoddduuueHT TpeHus u JIuHeHHBIH u3HOC. WX
YHCJICHHbIC 3HAYCHUS BBIBOAMJIMCH HAa MOHHTOp IEPCOHAIBLHOTO KOMIbloTepa. s m3mepeHwus
MOMEHTa TPEHHS U Harpy3Kd HCIIOJIb30BAUCh TEH30JaTYMKU. JlJii HENmpephbIBHOTO H3MEPEHUs
W3HOCAa B IIpollecce TMPOBEACHMSI HUCIBITAaHUNA ObUla pa3paboTaHa cCHelUallbHAasg CXeMa C
NpUMEHEHHEM WHAYKTHBHOTO JaT4YHMKa, ITO3BOJSIONIAs HWCKIIOYUTH BIHMSHHE HA DPE3YJIbTaThl
U3MEPEHUH paJInaibHOTO OMEHHS U TEIUIOBBIX J1e(hopMannii UCTIHITHIBAEMOTO 00pasIa.

Ilo pesynbraTaM aHanM3a pPETUCTPUPYEMBIX MApaMETPOB OIPEICNISINCh CIEeIYIOIUe
noka3areian TPUOOTEXHUYECKHUX CBOMCTB:

- Bpemst IpupaboTKu 1l , 4, ompeaensieMoe Kak BpeMsi OT Hadaia UCIBITAHUS IO MOMEHTa
BpPEMEHU BBIXO/a KPUBOW M3HAIIMBAHKS HA Y9aCTOK HOPMAJIBHOTO W3HAIIIMBAHUS;

- mpupabOTOUHbIH U3HOC N , MKM, KaKk BeJIMYHMHA CONIVKCHUS, OmpenesieMas B MOMEHT
BPEMEHH OKOHYaHUS MpUpadboTku 1o;

- 3HaYeHHEe K03 uitneHTa TpeHus B KOHIIE UCIbITaHui T;

- fo/f — oTHoOmIeHHME MaKCHMMaIbHOTO 3HAYEHHUS KOd(PQHUIMEHTAa TPEHUS B IEPHOJ
npupaboTku fy K ero 3HaYeHWIO B KOHIIE UCTIBITAaHUH f;

- cpeJHee 3HaYeHNe MHTEHCUBHOCTH M3HAIIMBAHUS B MIEPHOJ] HOPMAJIbHOTO W3HAIIIMBAHUS
I, = h—h, ’

L-L,
rae h, MkM, — cymMmmapHasi BeTMurMHa H3HOCA 00pasiia 3a BpeMsl UCIIBITaHui; L, MKM, — IyTh TPEHHUSI,
NpOIIeHHBIN MMOBEPXHOCThIO 0Opa3ia 3a Bpems ucnblTanuid; Lo = 3,6 - 10° - ty - v, MKM, — yTh

TpeHMUs], IPONUICHHBIN TOBEPXHOCTHIO 00pa3iia 3a BpeMsl IpUpadoTKu;



- 3HAYCHHME HHTCHCUBHOCTH M3HAIIIMBAHMS 3a o0mIee Bpems ucnbitannii |, - =h/L.

Bri6op onTUManbHOrO YHPOYHSIOWIETO MOKPBITUSA IO MapamMeTrpaM TPUOOTEXHUYECKUX
UCIBITAHUN MOKET ObITh MPOM3BEJCH HA OCHOBAHUM ONPEEIICHUS BbIIICHA3BaHHBIX KPUTEPUEB U
ux cpaBHeHHs. lIpu 3TOM OoJiee M3HOCOCTOMKUM SIBISICTCS MOKPBHITHE C MEHBIIMMHU 3HAYCHHUSIMU
MHTCHCUBHOCTH M3HAIIUBAHUA, JUIMTEILHOCTH MPUPAOOTKH, KOIPPHUIMEHTa TPEHHUS, a TaKKe NpU
najarollel XxapakTepucTUKe KpUBOM U3MEHEHUs! KO3 PUIIMEHTa TPEHUS BO BPEMEHHU.

Oco0oe 3HaueHwe 3a pyOekKOM yaenserca TPUOOIOTHUYECKUM TMOKPBITUSIM, KOTOpBIE
00pa3yloT MpPOAYKTbl M3HOCA, CHWXKAIOIIME TPEHME U H3HOC B IApe KOHTAKTUPYIOIIUX
MOBEPXHOCTEH M IPEIOTBPALLAIOLINE HEIOCPEICTBEHHBI IIEPEHOC MaTepuasa IOKpBITHS Ha
KOHTpTeNo. [Ipu 3TOM MPOAYKTHI M3HOCA MOTYT 3aMOJHSATH MUKPOBHAAUWHBI M 3aKpPEIUISATHCS Ha
MUKPOBBICTYIIaX MIEPOXOBATOCTH KOHTAKTUPYIOLIUX MOBEPXHOCTEH, YTO 00ECIeYBACT CHIKEHUE
YAEIbHBIX JaBJIECHUH U MOBBILIEHUE HN3HOCOCTOWKOCTU map TpeHus. lIpoTuBoM3HOCHBIE WU
AaHTH()PUKIIMOHHBIE JAEUCTBUS MPOIYKTOB M3HOCA TAKUX TOKPBHITHH COXPAHSAIOTCS JIUTENHHO Ha
BECh NIEpUO pabOThI Maphl TPEHUS U HE CBSI3BIBAIOTCS TOJIBKO C MPOLECCOM MPUpadOoTKH [2].

HcnpiTanus oOpa3ioB MPOBOJWINCH MPU CIEAYIOIIMX YCIOBUAX: CKOPOCTb CKOJBKEHUS
v = 1 m/c; nopmanpHoe ycunue HarpyxkeHus N = 100 = 0,5 %, H (cooTBeTCTBYeT aaBJICHUSM,
paccuntanubiM 10 ['epity, nopsnka 150 Mlla); Bua nepBoHauaaIbHOTO KOHTAKTA — IJIACTUYECKUN
HACBIIICHHBINA; BHUJA CMa3Kd — TpaHUYHAs; BHJ CMa3blBaHUS — OKYHAHUEM; BEIYIIUH BHI
W3HAIIMBAHUS — YCTAJIOCTHOE; CMa304HbIM MaTepuan — macio nHaycrpuansHoe M — 20A I'OCT
20799 — 88; marepuan mHIEHTOpa — TBepabld ciiaB BKSE; oOmiee BpeMs HCHBITAaHHA KaXKIOTO
obpasma — 8 u.

Pe3ynpTaThl MCHBITAaHUM HCCIIEAyEeMBbIX MOKPBITHH M Marepuana ocHOBBI (ctanu P18) 6e3
HOKPBITUSL HA MOJIEPHU3UPOBaHHOHN ycTaHoBKe MU -1M mpencrasiens! B Ta0. 3.

Tabnuna 3

Pe3ynbrarel TpUOOTEXHUYECKUX UCTIBITAHUNA Ha MOJIEPHU3UPOBAaHHOM yctaHoBke MU-1M

TpuGorexunueckoe - 3HaueHHe MOKAa3aTe/d AJd o0pa3na
CBOMCTEO oRaATEIE | Ti AN | Mo-Cr-N | Si-O-C-N | Crans P18

to, 9 0,58 0,75 0,33 5,33

[TpupabaTeiBaeMOCTh ho , MKM 1,3 15 0,9 7,0
folf 1,42 1,46 475 1,36
AHTUDPHUKITUOHHOCTH f 0,323 0,246 0,04 0,279
h, MM 9,7 9,6 6,9 10,1

U3HOCOCTOMKOCTD I,-10 1° 3,12 3,09 2,16 3,17
lhy-10 7 3,35 3,32 2,38 3,49




Ha puc. 4 npuBenen npotokon ucnsitanuii mokpeiTHst Si-O-C-N ¢ rpadukamMu u3MEHEHUs

u3HOCa ¥ KO3 (UIMEHTA TPEHUS BO BPEMEHH.

TpMBOTEeXHNYECK1e MCMLITAHKMA LMNMHAPHUYSCKKX NOBEPXHOCTEN TPeHWA
‘ Bpema McnbITaHHH, © CKopocT cK, mfc BreHue obpasua,Mkm
131.08.2011 11:39; 128843 11,005 11,77
R—— Cozaate otugt ¥V MMyTe TPEHNA, M Aasnerue, MMa Harpysa, H
131.08.2011 19:40: 128995,74 161,38 4103,3
3P
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0,0~
0,24 o3 dhbiumMEnT TpernA
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11:40:00,588 13:00:00,000 14:00:00,000 15:00:00,000 16:00:00,000 17:00:00,000 18:00:00,000 19:40:30,
31.08.2011 31.08,2011 31.08,2011 31.08,2011 31.08,2011 31.08,2011 31.08,2011 31.08.20
Tirme

Puc. 4. Ilporokoun ucnbeitanuii mokpeitus Si-O-C-N npu yeunuu Harpysxenus 100 H

CpaBHeHHE pe3ylnbTaTOB TPUOOTEXHUUECKUX MCIIBITAHUN TpexX MOKPBITHH M Marepuaia
OCHOBBI HOPMAJIM30BaHHBIM METOJIOM TOKAa3aJjl0, YTO MUHUMAJIBHBIMU 3HaUeHUSMH K03 duiimenra
TpEHHsI, BpeMeHH NMpHUpaboTKu U u3HOoca obiamaer nmokpbiTHe Si-O-C-N. Koadduiment tpenus
nokpbiTus Si-O-C-N Gosiee yem B 6 pa3 MeHbIe 3HAUCHHN KOI(PQPHUIMEHTOB TPEHHUS TOKPHITHI
Ti-Al-N, Mo-Cr-N u wmarepuana ocHoBbl. KpuBbie m3noca mnst nokpbeituii Mo-Cr-N u Ti-Al-N
XapaKTepU3yIOTCS YCKOPEHHBIM POCTOM M3HOCA MOC]IE OKOHYAaHUS MPUPAOOTKU, KpUBask U3HOCA IS
nokpeitust Si-O-C-N Gosee crabuiabHa, U UMEETCS TEHACHIIUS K YMEHBIICHHIO CKOPOCTH POCTa
U3HOCa T1ociie OKOH4YaHus npupadotku. [Ipu onenke kpuBoi u3Hoca mokpeitust Si-O-C-N BugHO,
4TO JUIMTENbHOCTh Ipupabotku cocraiser 0,33 daca, nanmee 1,67 yaca crabuiabHOrO M3HOCa, a
3aTeM IUIaBHBIN (HE cKaukooOpa3HbIil) BBIXOJ Ha M3HOC OCHOBHOTO Marepuaina. Ilpu s3Tom kpuas
U3MEHeHHs Kod(pQUIMeHTa TPEeHUsT BO BPEMEHHM MMEET MaNaloNlyl0 XapakTepucTuky. [lmaBHOe
CHIDKEHHE B TEYCHHWE 3 4YacoB, a 3aTeM HeKoTopas cTaOmiu3anus C HEe3HAYUTEIbHBIM
YMEHBIIEHUEM, YTO CBHUJETEILCTBYET O BO3MOXXHOM «3QJICUMBAHUN» JIOPOKKH  TPEHHSA
MHUKPOCKOIMYECKHUMHU MPOJAYKTaMH U3HOCA.

JlocTarouHo HU3KHE 3HAYeHUS KOd(PQUIMEHTa TPEHHsS W M3HOCAa OCHOBHOTO MaTepHhalia

(ctamu P18) cBsi3aHbl ¢ HAIMYMEM OKCHUIHOW TUICHKH HA TIOBEPXHOCTH CTAJM, MMEIOIICH TOJIIUHY



(100...200) um, HanoTBepAOCTh KoTOpOi coctaBisier 20 I'Tla, a moayns ympyroctu — 250 I'Tla.
[Tocie w3HOCA OKCHIHOW TUIGHKM WHTEHCHUBHOCTh W3HAIIMBAHUS OCHOBHOTO MarepHalia
3HAYUTEIHHO BO3PACTALT.

Ha puc. 4 Bugno, uro B mpenpenax ToumuHbl MOKpbITHS Si-O-C-N (1 MKM) mpu ycuiuu
Harpyxenuss 100 H kpuBas u3HOCa NMPaKTHYECKH MOCTOSHHA. DTa TEHACHIIMS OCOOCHHO 3aMeTHa
IPU TMPOBEJACHUN COKPAIEHHBIX UCHBITAHUHN (5 9acoB) C yMEHBIICHHBIM YCHIIMEM HArpy>KCHUS,

pasubiM 30 H (puc. 5).

TplfIGOTeXHVILIeCKMe WCNBITaHKAa LnrHapiYeCcrx I'IOBep)(HOCTeﬁ TpeHWA
Bpema McnbITaHHA ) C CKOpOCTE CK ) wmfc BMeHﬂe obpazua, MK

P
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9:33:30,557 11:00:00,000 12:00:00,000 13:00:00,000 14:00:00,000 14:50:30,
21,12.2012 21.12.2012 21,12.2012 21.12,2012 21.12.2012 21.12.21
Time

Puc. 5. TIporokoun ucnbitanus mokpbitust Si-O-C-N npu ycunuu Harpyxenus 30 H

Ha ocHOBaHWHM MPOBEICHHBIX TPUOOIOTHYECKUX MCIBITAHHH MOKET OBITH CHIEJIaH BBIBOJ O
TOM, 4TO Oosiee A(PQPEKTUBHBIM IO IMapamMeTpaM TPEHUS W W3HAIIMBAHUS SIBISETCS TMOKPHITHE
cucremsl Si-O-C-N.

B Tabn. 4 npuBemeHbl pe3yNbTaThl  MPOMBINUIEHHBIX  HMCIOBITAHHH  CTOWKOCTH
pe3b00HAPE3HOT0 HWHCTPYMEHTa MMOCie (PMHUIIHOTO ILIa3MEHHOTO YIPOYHEHHS C HaHECEHHEM
nokpeiTusi cucteMbl  Si-O-C-N, mpoBeeHHOr0 B pa3jMuYHBIX OpraHu3anusx. MHOTOKpaTHOE
MOBBIIICHUE CTOMKOCTH Pe3bOOHAPE3HOT0 WHCTPYMEHTA MOATBEPIWIN PE3yJIbTAaThl UCCIICIOBAHUI
(GHU3NKO-MEXaHUYECKUX H TPUOOJOTMYECKHMX CBOMCTB JaHHOTO TMOKPBITHA. Bua mporiecca

(UHHAITHOTO TIa3MEHHOTO YIIPOYHEHHsI TOKa3aH Ha puc. 6.



Tabnumua 4

PeBy.TILTaTLI MIPOMBIINIJICHHOTI'O UCIIBITAHUSA pe3b60Hape3H0r0 HHCTPYMCHTA

Marepunan . . OTtHocurenb-
Tun Croiikocth | CrolikocTh Opranunzanus,
o0padartbI- HoOeE
HHCTPY- . a0 nocJje NPOBOAUBILIAS
BaeMoil NOBbINIEHHE
MEHTAa YIPOYHEHUs | yHPO4HEeHUsl . HCHBITAHUS
3ar0TOBKH CTOMKOCTH
Metuuk BT1-0 5 oTB. 12 OB, 2.4 HIILL «ITO «CTilpT»,
M3 r. 3ape4yHbIi
MeTuuk 40X 2 wac 6 ac 3.0 «Mopckoi 3aBoa»,
M3 r. Kponmrragr
Metuuk 12X18H10T 1 wac 2.25 wac 2,25 «INEKTPOKOMILICKCY,
MI10 r. MuHyCcHHCK
Metuuk «BaroHoCTpOUTENBHBIN
M16 3511 8 ors. 80 ots. 10.0 3aBojy, I'.YcTb-Karas
Merik «Kamyxckuit
40X 80 oTB. 240 oTB. 3,0 TYpOUHHBIN 3aBOJ»,
M24
r. Kamyra

a)

Puc. 6. [Iponecc GUHUITHOTO TUTA3MEHHOTO YITPOYHEHUS pe3b0OHAPE3HOTO HHCTPYMEHTA.

Buwisoowi.

1.

a) MeT4YrKa, 0) TIammKu

Pazpaborana u ampoOupoBaHa METOAMKAa BhIOOpa ONTHUMAIBHOTO HW3HOCOCTOMKOTO

MOKPBITUS 1711 pe3b00OHapEe3HOro MHCTPYMEHTA, OCHOBaHHAs HAa aHAIM3€ (PU3UKO-MEXaHUYECKUX U

TpI/I6OJ'IOFI/I‘-IeCKI/IX CBOMCTB TOBEPXHOCTHOT'O CJIOA 06pa3u013 C ITOKPBITUCM.



2. [To pe3ynpraTaM HaHOWHICHTUPOBAHUS PA3JIUYHBIX TIOKPBHITHI BBISBICHO, YTO
KPUTEPHH U TIapaMETPhl, XapaKTEPHU3YIOIIHE X U3HOCOCTOHKOCTD, OJM3KM MEeXAy co0oit. IMeroTes
HEKOTOpbIe npeumyniecTBa MOKpbITUs Si-O-C-N 1o kputepuio CTONKOCTH K yIpyrou aedopMariu
paspymeHust (MHACKCY Mmiactuunoctd H/E*) m Gnmsoctu Mopynell ympyroctd MOKDPHITHS H
OCHOBHOT'O MaTepHaia.

3. TpuboTeXHUYECKHNE WCIBITAHUS C HCIOJIb30BAHUEM PpA3IMYHBIX METOJIUK (I10
MEXIYHApOJAHBIM CTaHAApTaM M HOPMAaJIM30BAaHHBIM METOJOM) TMOKa3aJd HICHTU(UKAIHIIO
TEHJCHIMA W3MEHEHUs KOX(PQUIMEHTa TpeHUs. MHHUMAIbHBIM KOY()(UIIMECHTOM TpPEHHS U3
UCCIIeIyeMbIX MOKPBITHI 00J1a1aeT MHOTOCIIONHOE HaHOTOKpbITHE crcTeMbl Si-O-C-N, HaHOcHMOe
METO0OM OECKaMEpPHOTO XMMUYECKOTO OCAXACHUS MPH aTMOC(HEpHOM JaBIICHUH C MPUMEHEHHUEM
JETy4uX JKUAKHX DIEMEHTOOPTaHMYECKHMX COCIUHEHWH W Ta30BBIX Cpel C OJHOBPEMEHHOU
aKTUBAIMEC TOBEPXHOCTH DJIEKTPOAYrOBOM IUTa3Moil (mporecc (UHUIIHOTO —IJIa3MEHHOTO
ynpounenus). Koadpduuuent tperus mnokpeitus Si-O-C-N B 5-6 pa3 MeHblie 3HAYCHUI
k03 dunrentoB Tpenus mokpeiTuid Ti-Al-N, Mo-Cr-N u marepuana OCHOBBI.

4. [Tpon3BOICTBEHHBIE UCTIBITAHUS PE3bOOHAPE3HOTO MHCTPYMEHTA Iocie (PUHUIIHOTO

IJIa3MCHHOTI'O YIIPOYHCHUS ITOKA3aJIM MHOT'OKPAaTHOC IMMOBBIICHUEC €TI0 CTOHKOCTH.
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