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The increase in loading ability and life expectancy of gears is a problem which decision considerably is
defined now by the questions linked not only with requirements to use new techniques and materials and
to raise their efficiency, but also with a load on environment. In a paper possibilities of application of
thin firm coverages in the gears working in interaction with organic lubricants are considered. The paper
basically is directed on possibility to use a coverage of the materials approaching for manufacture of
tooth gears, and for discussion of scratch-tests results of slicks, plotted on the selected materials 12061,
14220, 15340 and 19091.

BBenenne. [ToBbilieHHEe HATPY30YHOW CIIOCOOHOCTH M CPOKa CIykObI 3yOua-
TBIX TIepeaay sBJsieTcs NpoOJIeMOii, pellieHne KOTOPOi B HACTOsIIEe BpeMsl B 3Ha-
YUTEIFHON Mepe ONpEAeIAIOT BONPOCHI, CBSI3aHHbBIE C TPEOOBAHUSMHI HCIIOJIB30Ba-
HUSI HOBBIX TEXHOJIOTHH M MaTepHajoB, MOBBIIICHHS TPOU3BOAUTEIHLHOCTH OJJTHOTO
KIWJIOTPaMMa M Harpy3KO# Ha OKPY)KaIOIIyo CPemy. DTO OCOOEHHO KacaeTcsl pelle-
HUS IPOOJIEMBbI TIOBBIIICHHUS KOHTAKTHOW HAarpy304HOW CIIOCOOHOCTH W YJTy4IICHHS
TPHOOJIOTHMYECKUX XapaKTEPHUCTHK 3yOUaThIX mIepenad (TpeHHe, H3HOC M cMa3ka),
NpUYEM TaKXKe PacCMaTpUBAETCS BIMSHHE WX PadOTHI HA OKPY)KAIOIIYIO CPEemdy.
OpmanM u3 3G (GEKTUBHBIX CIIOCOOOB PEHICHUS 3TUX MPoOIeM OKa3bIBaeTCA IpHUMe-
HEHUE TOHKHX TOKDPBHITHIl Ha ITIOBEPXHOCTh CTOPOHBI 3y0a. biaromaps cBoum cBoii-
CTBaM, KaK HallpHMeEp BBICOKAs TBEPAOCTh, OTIINYHOE CIETICHUE, XMMUIECKast yc-
TOWYHBOCTb U T.II., 3TU TOKPBITHS, Ha3bIBAEMbIE TAK)KE TOHKUE IUIEHKH, MOT'YT 3Ha-
YUTEJIFHO TIOBBICUTH IPOU3BOJUTEIBHOCTE 3y0UaThiX mepenad. [ToKpeITHST MOXKHO
MOATOTOBUTH KaK OJIHOCJIOWHBIE TaK M MHOTOCJIOHHBIE, C OoJlee WIn MeHee YEeTKH-
MH TIPEJETIbHBIMU TIEPEX0AaMHU MEXIY OTACIbHBIMHU CIOSMHU (CIION C TPAJHUEHTOM).
B Hacrosiiiee BpeMsi OHH yKe IIUPOKO NPUMEHSIOTCS B Pa3JIMUHBIX OTPACIAX IPo-
MBIIIJIEHHOCTH, H, CIEJOBATEIbHO, 3TO JIHIIb BONPOC BPEMEHH, KOTJa OHH HAWIYT
NPUMEHEHHE U B 3y0UaThIX neperaydax.

IIpemmaraemast ctathst siBisiercst yactbio mpoekta VEGA 1/0189/09 m VEGA
1/0277/12, koTopble HalpaBJIeHb! Ha M3y4YEHHE BIMSHUS OTIEIbHBIX T€OMETPUUECKUX
U CTPYKTYPHBIX ITapaMETPOB U XaPaKTEPHCTUK MATEPHAIOB 3yOUaThIX mepenad C Iie-
JIBIO JIOCTUYb ONTHMAJIBHBIX IPOYHOCTH M TPUOOJIOTNYECKHX XapakTeprcTuk. Cocras-
HOM 4acThIO PEIIeHHS SABISIETCS aHAIN3 BO3MOXKHOCTH HCIIOJIb30BaHMS TOHKHX IJIEHOK
(mokpeITHIT) B 3yOUaThIX Nepejayax, CMa3bIBaeMbIX OPraHMYECKOH CMasKoii, M Ha oc-
HOBAaHWH MPHOOPETEHHBIX PE3YJIbTATOB BBIOPATh TAKWE THIIBI IOKPBITHS U MaTepHana
3y04aToro KoJjeca, MOCPEACTBOM KOTOPHIX MOYKHO OyZeT JOCTHYb MOBBIIICHUS KOH-
TAKTHOTO CONPOTHBIICHUS U YITyqIIEHHS TPHOOJIOTHIECKUX XapaKTEPUCTUK 3yOUuaThIX
niepenay, paboTaoMX BO B3aNMOJCHCTBIN C OPraHMIECKON CMa3Koii.

Marepuasiibl 1 MeTobl. B Hacrosiiiee BpeMsi TOHKHE CJIOHM JIOBOJBHO YacTo
MPUMCHSIOTCS B MAITMHOCTPOCHUH U 3JICKTPOTeXHUKE. HO MCIONB3yeMbIe TOKPBITHS
OOBIYHO HENB3S MPUMEHATH B 3y0UaThIX Iepeaavax n3-3a 0COOCHHOCTENM X IKCILTya-
Tanuu (BBICOKAsI OKPY)KHAsE CKOPOCTh, BBICOKOE KOHTAKTHOE JIABJICHUC M HATPSHKCHUC
CIIBHTa, BHICOKAsI TEMIIEPATypa B KOHTAKTE 3yObeB, BRICOKHE y/ICbHbIC CKOJILKECHHS Ha
TOJIOBKE U HOXKKE 3y0a, UCTIONH30BAaHUEC OPTAHMYCCKUX CMa30YHBIX MAaTEPHAIIOB U JIp.).

U3 5TOT0 BBITEKAET, YTO IKCILTYaTAI[HOHHBIE XapaKTEPUCTUKH MOTYT CYIIECT-
BEHHO TOBJIMATH Ha BBIOOP KOHKPETHOT'O TOKPBITHS, CIEAYST PacCMaTPUBATh UX
OTJIMYHYIO aJIre3UI0 Ha MaTepHa, KOTOPbIN MPUTOIHbII U TPOU3BOJICTBA 3y0Ua-
TBIX KOJIEC, & TaK)KE€ TEXHOJOTHIO OCAXKICHUS ITHX IOKPHITHIA. B cucremy 3y0-
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IUIEHKa-OpraHN4YecKasi CMa3Ka CYIIEeCTBEHHO BXOAMT U BUJ MCHOJIb3yeMOH mepea-
. OpraHudecKkre cMa3Ki TPeOYIOT B CBSI3M CO CBOMMH CBOHCTBaMHU (HH3Kas TEM-
neparypHasi CTaOMJIBHOCTh CMa3bIBaIOIIMX CBOMCTB, HHM3Kas BS3KOCTh) MEHBILIMX
KOHTaKTHBIX JTABJICHUH W TeMIepaTyphl, a TakKe HeOOJBIINX yAEIbHBIX CKOJbKe-
HUI npu pabore 3yO4arhix nepenad. B MHcTuryTe TpaHCHIOPTHON TEXHUKH U MH-
KCHEPHOTO MPOCKTUPOBAHMS B PAMKaX TPAHTOBOTO MPOEKTA MBI HAYYHO U3Yy4aeM H
paccMaTtpuBaeM MIpUMEHEHNE
C TOHKHX HMOKPBITHH B Iepenadax,
: paboTaronx BO B3aUMOJEHCT-
BAH C OpPTaHWYECKHM CMa304-
HBIM MaTepuanoM. 13 pesynbra-
TOB pEIICHHS BHITEKAeT, YTO B
BBIMMYKJIO-BOTHYTBIX ~ 3yOUYaTBIX
mepefadax II0 CPAaBHEGHUIO C
9BOJIbBEHTHBIMHU KOHTAKTHBIC
JTABJICHUS 3HAYNTEIHHO MEHBIIE,
a TakKe HeOoJbLINe YJeTbHbIC
ckonbxkeHns. Kpatko mpuBenem
OCHOBHYIO  DPa3HHIy  MeEXIy
SBONBBEHTHBIM W  BBITYKJIO-
BOTHYTBIM 3al[CIUICHHEM.

VY Bemyxio-sorayroro (K-

i K) zanemnenns (pucyHok 1) B ot-

Pucynok 1 — Cummerpuunoe K-K 3anemnenue JIAYME€ OT DSBOJIBBEHTHOI'O 3alel-

JICHUS JINHUS 3aleTUICHUS] COCTOUT

U3 JIByX CHMMETPUYHBIX WJIM ACHMMETPHYHBIX KPHBBIX C TOYKOM meperuda C, meHTp

pamryca KpUBH3HBI BEpXHEH .S, M HIKHEH JIMHUH Sp JIMHAH 3alleIUICHAs He JISKHUT Ha
MEXKIEHTPOBO JINHUU Nepeaadn.

OCHOBHBIMH TE€OMETPHUYECKIMH IapaMeTpamu, KoTopbele ompenensior K-K
3aneruieHue, sisistores [11]:

- HOPMaJIbHBIN MoAynb: M,

- 9ucII0 3y0O0B IMIECTEPHU M KOJIeca: z, 2y,

- pannyc KpUBH3HBI BEpXHEN M HWKHEH YaCTH JIMHUM 3aLEIUICHUs: Ry 4,

- YTOJI IMHUHM 3aueruieHus B Touke C: a,

- MEXIIEHTPOBOE PACCTOSHHE: d,

- Koo unmeHT BBICOTHI 3y0a: x,*=1,

- K09 punmeHT BBICOTHI 3aKpyTieHus: ¢,*=0,25,

- K03 (PUUMEHT CKPYTJIEHHs HCXOIHOTO KOHTYypa: 0*=0,38.

Kak u3BecTHO, BelMYMHA COCTaBIAIONIEH OKPYXHOM CKOpPOCTH B TaHIEHIIU-
aNbHOM HAlpaBJICHUM BIMSAET HA pa3Mep CKONbXEHHA B 3auerieHud. C moMoIbo
MIPaBUIBHOTO BEIOOpa TEOMETPHUHN 3yObEB MOYKHO TOBJIHSTH HA 3TY COCTaBIAIONIYIO
U TaKUM CIIOCOOOM CHU3UTH BEJIMYMHY YPE3MEPHOTO IPOCKANIB3BIBAHHS M OJHO-
BPEMEHHO YMEHBIIUTH pa3Mep M3HOoca. PacueT BENMMYMHBI TAHTCHIUAIEHOW CKOPO-
ctu K-K nepemaun sBnsiercs 6onee cnoxHBIM [7] (M3MEHEHHE TOJIO0XKCHUS U OpH-
€HTAaIlNN KOMIIOHEHTOB OKPY>KHOW CKOPOCTH), YUUTHIBAsI H30THYTYIO (hOpMy JIHUA

(WA
G
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Pucynok 2 — Pacnpenenenue okpyKHOH Pucynok 3 — Pacnipenenenue okpyXxHOU
CKOPOCTH 3BOJIbBEHTHOTO 3aLleTIeHus [7] ckopoctu B K-K 3anennennn [7]

3aLETICHUs] TI0 CPABHEHHIO C 9BOJIBBEHTHBIM. COCTaBIIAIOMINE HOPMAIBHBIX U TaH-
TeHLIMAIBHBIX KOMIIOHEHTOB OKPYKHOM CKOPOCTH B 3BOJILBEHTHOH Iiepeade MoKa-
3aH Ha pucyHke 2, B K-K 3anermrennn coctapisiomue oOKpy>KHOH CKOPOCTH (pHCY-
HOK 3) He MOTYT OBITh YETKO OINpPE/EIICHBI B CBS3U C M30THYTOHM JIMHUEU 3aleruie-
Hus. OnpeneneHne pazMepa TaHTeHIMAIbHbBIX cocTaBisaommx K-K nepenaqun mon-
po6HO onmcaHo B [7], TIe TEOPETHYECKH PACCUUTAHBI BEJIMYNHBI CKOJIbXKEHHS B K-
K 3amemennn. CpaBHEHHE C 3BOJBBEHTHBIM 3allCINICHHEM MOKA3aHO HA PHUCYHKE
4. C TO4KH 3peHHs pa3Mepa KOHTaKTHOTO JABIEHUS UTPAET BAXKHYIO POJIb pa3Mep
panrycoB KpUBH3HBI poduiel 3y00B, B 3BOJIBEHTHOM 3aIETIICHHH 3TO KacaeTCst
JIByX BBIIYKJIBIX NOBEpXHOCTEH, HO B ciyuae K-K 3aienneHus KOHTakT MPOUCXO-
JUT MEXAY BBIMYKIBIM M BOTHYTHIM IpoduneM. KoHKpeTHOe 3HaueHHEe KOHTAKT-
HOT'O JIaBJICHUS! OOBIYHO BBIPAXKAETCSl CIIEAYIONMM COOTHOIICHHEM:

anXEkx . 1 (l)

rre Xk, eCTh CyMMa KPHBU3H IPUKACAIOIIIXCS KPUBBIX CTOPOH 3yOOB B paccMaTpHBac-

MOH TOYKE:
1 1
Dhe=—t—. ()
pxl pr

B cnyqae K-K 3arerienus Benudauna p , OTPHIIATENbHAsA, YTO HPOTIOPLHOHATEHO
X.

BJIMSICT Ha pa3Mep KOHTAKTHBIX TABICHUHN B 3y0UaToM 3alleruicHHH. PUCYHOK 4 Tak-
e MoKa3bIBaeT, uTo B ciydae K-K nepenad, ocobeHHO B Havale U B KOHIIE 3alleTiie-
HUSl, IOJY4YEeHbl MEHBILIUE 3HAYECHHUSI CKOJIbKEHHI, YeM B CITydae BOJIbBEHTHOTO 3a-
neruieHns. 13 mpuBeIeHHOTo SICHO, YTO ¢ TOYKH 3PEHUS KOHTAKTHBIX JIABJICHUN H
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2,0000 - OTHOCHUTEIBHBIX  CKOJBXECHUMN
K-K 3anennienue mo cpaBHe-

10000

. o HHUIO C DBOJBBEHTHBIM Ooiee
e e
it : _.;—::""'-':f . | TOJXOJMT JUIS  MPUMEHEHHs
§ e F*—4 ., 11 TOHKHMX TBEp/bIX OKPHITHIL.

-1,0000 =
Bo3mo:kHOCTH NMpuMeEHe-

. HHMSl NOKPBITHI B 3y04aThbIX
) nepegadax. OOmmM Heymocrat-
koM PVD mnoxpsITHil sABIIsSI€TCS
UX aJre3us Ha OCHOBHOM MaTe-

-2.0000

-1.0000

4000 -

- puane. OCHOBHas TpPHYMHA B

<5,0000 - TOM, YTO 3TH IOKPBITHA 3HAYU-
[ P P e iamhem | TEIBLHO OTJIMYAIOTCS OT CTalld
Pucynok 4 — Bemmunna ckonsxeHus B K-K v sBoibBeHTHOM 11O ($U3NKO-MEXaHUIECKUM

saterienyn [2, 4] (m=4mm, z=16, =24, ry=r;~8mm, a¢=20°)  cBoiicTBaM. B ciyuae npume-

HeHus npouecca PVD B cBs3u
C HU3KOW aNIUTUKAI[MOHHON TEMIIEpaTypol MPaKTHUCCKU JIMKBHIUpoBaHa auddy-
37 JIEMEHTOB 3aMEIIEHHs, W M03TOMY HET JOCTaTOYHOW auddy3um Mexmay Imo-
KPBITUEM W OCHOBHBIM MaTepHuajioM u3 ctaiu. [1o 3Toil mpuyuHe, OOJIBIIMHCTBO
9KCIEPUMEHTAIBHBIX pabOT 10 MPUMEHEHHUIO TOHKHUX MMOKPBITHHA COCPEOTOYCHO Ha
JIByX OCHOBHBIX HampaBjieHHsX. [lepBoe 3akirodaercs B CO3IaHUU MOKPBITHH, y
KOTOPBIX TaKHe CBOWCTBA, KaK TBEPJOCTh, MOIYJIb YIPYTOCTH U T.H. ObUIHM OBI Ha-
CKOJIbKO BO3MOXKHO MMOXO0’KH Ha MaTepuajl TOHKUX clioeB. Bo BTopoM cityuae riaB-
HOM TEHJEHIMEW SBIISETCS HCCIEAOBAaHME BO3MOXKHOCTH HACTPOMKH CBOMCTB
CTaJIbHOU TMOJUIOKKH (TBEPJOCTh, CTOMKOCTh K IJIACTUYECKOH nedhopMaliy) TaKHM
croco0oM, 4ToOBI TIPU HArpy3Ke HE MPOU3OIIIO HAPYIICHWE XPYHIKOTO TOKPBITHS,
HMEIOILETO OIPAaHHYCHHYIO CIIOCOOHOCTh K IuacTuyeckor aedopmarmn. [losTomy
MTOSIBIJINCH TOIIBITKY, HATIPABJICHHBIE HA WHTETPAIUIO MPEHMYIIECTBA TOBBIIICHI
TBEPIOCTU CTANBHBIX CYOCTPaTOB IUIA3MEHHOW HHUTpHUIAIMEH C TOCICTYIOUICH
PVD nienko#, KOTOpble OCYIIECTBIISAIOTCS B OTHOM YCTPOUCTBE.

ITox TepMUHOM THOKPBITHE WM CIOH MOXKHO MPEICTaBHUTH JIO00E BEIIECTBO,
KOTOpOE BO3HHKAeT HAHECCHHWEM CJIOCB Ha ITOBEPXHOCTH OCHOBHOTO MaTepuana
(momnoxku). OCHOBHOW MaTepHal 3HAYUTEIHHO ONPENCisieT KOHCUHBbIC CBOMCTBa
JIaHHOW CHCTEMBI, CBOMCTBA KOTOPOH (IIPOYHOCTH, JKECTKOCTh, TEOMETPHSI) OTpa-
JKAIOTCSI HAa HAarpy3Ke, M TOJBKO B CIy4ae 3yO4aThiX 3alleTUICHHA OCHOBHOI Mate-
pHal TOKe CTAHOBUTCS OJHUM M3 MapaMETPOB, OIPAaHIMYUBAIOMINX HCIIOIB30BAaHIE
MOKPHITHH. M3BECTHBI MHOTHE METOJBI U TEXHHUKH OCAXKICHHUS TOHKHX TBEPIBIX
MTOKPBITHH, HO M3-3a 00JIee HU3KOTO TETUIOBOTO BIMSHUS MaTepHajia 3y0uaToro Ko-
nieca Hanbosee BEITOMHBIM siBisieTcss PVD meton (pusmyueckoe ocaxaeHue mapos),
rjae Temneparypa ocaxaeaus 10 S00°C.

Kpann [4], xoTopslif, kak u apyrue aBTopsl [1-3, 5, 6, 8], paccmarpuBaeT Bo-
IIPOCHI MCIIOJIB30BAHUA HOKpBITI/Iﬁ B n€p€aavdax, MpUBOJIUT, YTO IMOKPBITUA HAKOT
BO3MOXHOCTh HOJTOTOBUTH MOBEPXHOCTH C MOBBILIEHHBIM CPOKOM YCTaJlOCTU Me-
XaHWMYECKHX dacTeil. McmplTaHus Ha ycTanocTh, BbIosHeHHBIE B NASA Glenn
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Research Center, noka3aiiu, 4To JI0JrOBEYHOCTb 3yOUaThIX KOJIEC C TIOKPHITUEM B 5
pa3 OoJrbIIIe IO CPaBHEHHIO C TiepenadaMu 0e3 TOKPHITHSI.

[oBbIlIeHNEe CTOHKOCTH K aOpa3sMBHOMY HM3HOCY W IMTTHHTY OIMCBIBAET U
MuxamdeBcku [6], KOTOPBIH Takke 3aHUMAeTCsl 3aMEHOH IMIMPOKO HCIIONB3YEMBIX
MaceJ ¢ NpUcaJKaMy OpraHHYeCKHMMH MacjiaMd U HCCIIEIOBAHUEM MX B3anMOJEH-
CTBHS C NOBEPXHOCTBIO MOKPBITHSA, HAHECEHHOTO Ha 3yObsi Kosieca. [lomydeHHbIe
PpE3yJIbTaThl YKa3bIBalOT, CPEAN MPOUYECTO, YTO B YCJIOBUAX OYCHL BBICOKOI'O HaAIps-
xkeranss DLC mokpseiTie MoxeT B3sATh Ha ce0s poas AW n EP mpucagku. Taxmm
CHOCOOOM MOYKHO CBECTH K MHHUMYMY ITPHUMEHEHHE TOKCHYHBIX J00aBOK K CMa3Ke
W IOCTHYb T.H. "dncTyio cMasky". Ilpu sTom xoneca ¢ amoppusiM C:H:W mokpsI-
THEM, CMa3bIBacMbIe JKOJIOTMYECKUM MaciioM, nokaseiBanu Ha 20°C MeHbLIyIO
TEMIIepaTypy Macia B IIPOLECcCe 3KCIUTyaTanuy, a Takke Ha 20% MeHbIMi Ko3(-
(unKeHT TPEeHHUs TI0 CPAaBHEHHIO CO 3y04YaThIMU KojlecaMu 0e3 MOKPBITHSI, KOTOPbIE
CMa3bIBAIIMCH BHICOKOIIPOU3BOANTEIBHBIM TPAHCMHUCCHOHHBIM MacioM GL-5.

B HHcTHTYyTE TPaHCIIOPTHOH TEXHUKH Y MHXKEHEPHOTO TPOESKTUPOBAHKS MBI TOXKE
ClIeTIay SKCIIepIMEHTHI [2] Ha n3MeHeHHOM HcnbitatensHoM cteHae FZG ¢ TiN u MoS2
MOKPBITUEM BBIITYKJIO-BOTHYTOM IEpeady, CMa3bIBAEMON SKOJIOrMYECKON cMa3Koil. Pe-
3yJBTaThl MOKA3aIM YBEINYECHHE TTOBEPXHOCTHOTO COMPOTHBIIECHHUS KOJIEC C TBEPABIM
nokpeitieM TiN. B ciygae msrkoro mokpeiTuss MoS2 yBenmdeHHe IepenaBaeMoi
MOIITHOCTH HE MPOM30ILI0. DTH Pe3yibTaThl MPOJAEMOHCTPHUPOBAIN BO3MOXHOCTH
MPUMEHEHNSI MHOTOCIIONHBIX MOKPBITHH, KOTOPbIE AI0T BO3MOXKHOCTb IOJTy4UTh Tpe-
OyeMyo TBEpIIOCTh TIOBEPXHOCTH KOJIECa, ¥ TAK)KE XOPOLINE CMa3bIBaIOIINE CBOMCTBA.

Mao [5] B cBoelf Hay9YHO-HCCIENOBATENBCKON paboTe yaenseT BHUMaHHE
CPaBHEHHIO M3HOCA 3BOJILBEHTHBIX Tepeay 0e3 MOKPHITHS 3yObeB ¢ 3yObsIMHU C I10-
KpbITHEM. Tarke Heabi0 ero paboThl ABISETCS M3Y4EHHE MOTCHIMAIbHBIX BO3-
MOXXHOCTEH TOKPBITHSI C OYEHb BBICOKOW TBEPJOCTHIO M XOPOIIUMH TPHOOJIOTHYE-
CKUMH cBoHcTBamMH. OOIIee CHIDKCHNE U3HOCA KOJIEC C TIOKPBITHEM IYTIIEKC OBLIO
NpuOIM3UTENHHO B 55 pas siydiie, ueM y HeoOpaboraHHOro Kosieca. HecMotpst Ha
TO, YTO BBICOKOIIPOU3BOAMNTEIbHBIC MaTepUalbl KOJIEC M CHENHaIbHBIE MOKPBITHS,
NPUMEHEHHBIE B OKCIIEPHMEHTE, B HACTOSIIIEE BPEMsSI OTHOCUTENIBEHO JJOPOTHE, yKa-
3BIBAETCSA, YTO CPOK CIYKOBI 3y0UaTHIX Iepenad, paboTaoMUX B Cpee KOHEUHOTO
Y CMEIIAaHHOTO TPEHUSI MOXKET OBbITh 3HAYUTEIHHO OOJIBIINM.

JKCHepuMeHT. DKCIICPUMEHTHI ¢ TIOKPBITHEM 3YObEB Tepeiad 0 CHX Iop B
Mupe OBITH CHETaHbl U3 MaTepPHajiOB, KOTOPHIE OYCHb MaJI0 HCIIONB3YIOTCS B TIPO-
M3BOJICTBE 3yOuaThIX KoJiec. TakuM 00pa3oM, B paMKax PEICHHs TPAHTOBBIX MPO-
€KTOB, MBI 00OpaTWIN Halle BHAMAaHHE HA OTICIBHBIC MAaTEpHaibl, KOTOPBIE YacTo
MPUMEHSIOTCS JIUIs IPOM3BOJICTBA TIEpeiad — CM. TaOJHILYy, B KOTOPOU MPeICTaBIIe-
HBI IPUKJIaTHBIE TTOKPBITH.

Ta6J’II/IIIa — SKCHepI/IMeHTaIIbHLIe CTaJIi U BUbl HAHCCCHHBIX HOKpI)ITI/IIjI

Cramu HOKPBITHS
C60E (12061) |TiCN CrN DLCII (Muoro- |HdymiexcHas 00-
16MnCr5 (14 220) cinoiiHas  |paboTka (Tas-
41 CrAIMo7 (15 340) Cr/CrN MEHHBIE a30THPO-
HCM18 (19 091) Banus + CrN)
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OCHOBHO# TeCT Ha BBIOpaHHBIX MaTepHajIax MOKPHITUS OCYLIECTBIISUICS C MO-
MOIIBIO IapanuHHOTO yriyomenus Ha scratch Tecrepe CSEM REVETEST. Pexu-
MOM HU3MepeHus Oblla IepeMeHHas HOpMajbHas CHJIA, HapacTalolas ¢ HOCTOSH-
HOW CKOPOCTBIO MO TIOCTOSIHHON CKOPOCTBIO MHACHTOpa oOpasma. CTaHZapTHEIHA
Rockwell anmazublii nanenTop 6bul 3akpyriieH Ha 0,2MMm. Benuunna HOpManibHO#M
cmel 001 OT 1 1o 100H. Bo Bpems m3MepeHunit OblIa 3aperucTpUpOBaHa 3aBHUCH-
MOCTh aKyCTH4ecKoi amuccuu (AD) OoT pa3Mepa NMepeMeHHONH HOPMaJbHON CHIIBI
F, n koopdunrenTa TpeHus. OTH pe3yabTaThl IPEACTABICHEI Ha PUCYHKE 5.
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Pucynok 5 — 3aBHCHMOCTB aKycTHUeCcKOH amuccuu ¢ F), (a) u koaddunnenra Tperus (0)
Ha oOpasuax ¢ nokperreM TiCN cy6erpatos 12061, 14220, 15340 u 19091

Ha pucynke 5 moka3aHo, 9TO HauOOJbIIIEe CONPOTHUBICHNE B YCIOBUSIX aKy-
CTHYECKOTO M3ITyYCHHS MOSBIISIETCS Ha oOpasie cranu 15 340, kak ¢ TOUKH 3peHUS
pa3Mepa aKyCTUYECKOM 3MHUCCUH, TAK U C TOUKU 3PEHUS KPUTUUECKOW HOPMAIIbHOM
cuibl. Mi3mMeHenune koo duimenTa TpeHns: ConocTaBUMO, TOJIBKO Ha 00pasie CTaju
19 091 meHbIIee HapacTaHWE B CBSI3W C MEHBITUM MPOHUKHOBEHHUEM HWHICHTOPA B
riyOuHy n3-3a OoJIbIIEH KECTKOCTBIO caMoro cybcrpara. PucyHok 6 wmmoctpupy-
€T HapymeHne MoBepXHOCTH cyocTparta ¢ CrN MOKpPEITHEM, T/ie KpUTHYecKast HOp-
MaJlbHasl CHJIa JUUI BCEX MCCIIE/IOBAaHHBIX 00pa3loB NPUMEPHO OJMHAKOBAs M SIBJIS-
€TCsl caMO OOJIBIIION JIJISt BCEX UCCIEyeMBIX TIOKPBITHH.

Ha pucynke 7 npusenens! pe3ynbTarsl 3kcnepuMenta ¢ DLC II mokpsituem,
r7ie KpuTHdeckasi HopMaibHas cuiia coctaBisieT okono 15H. Kpussie mis xkoaddu-
LMEeHTa TPEHMs HE3HAYMTEeNbHO BO3pacTaloT y obOpasumoB cramum 12061, 14220
n15340, Ho npu cune 100H mocturator cOamaHCHpOBaHHBIX 3HaUeHWH. [ padudeckoe
IpeJICTaBIeHUE Pe3yJIbTaToB A1t coHIBIYHOTO ci10s Cr/CrN nokazaHo Ha pUCYHKe 8.

W3 pucyHka 8 BBITEKaeT, YTO MPOIECC aKyCTHYECKOH SMUCCHU TOKA3bIBAeT
IJIaJIKue XpyIKHUe paspynieHust Ha oopasnax cramu 14220 u 15340, Haunnas ¢ Ma-
JIBIX HOPMAaJIBHBIX CHJI, YTO, BEPOSITHO, €CTh IMPU3HAKOM BIIUSHHUS OCHOBHOTO MaTe-
puana. C Touku 3peHust koadduimenra TpeHus (pUCyHOK 8,0), JONbIIE BCETO BbI-
JIep>KUBacT NMPOHUKHOBEHUIO B OOJIBIYIO TIIyOUHY MOBEPXHOCTH cTanu 14220.

Jlnsa cyOcTpaTa, KOTOpBIi 00pa0boTaH a30TUPOBAHUEM M TTOCHeAoBaTebHO PVD
MmetozoM CrN MOKpBITHSI, pe3yNIbTaThl TOKa3aHbl Ha prcyHKe 9. V3MeHeHune curaana
aKyCTHIECKOH SMHCCHH CHOBA MOKA3hIBACT XPYIKOE paspymieHune cyocrpara 14220 u
15340. M3meHenue koadduimenta TpeHus (pUCyHOK 9,0) MOATBEPKAAET CaMoOe BbI-
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cokoe conpoTtuBiicHue cyoctpara 15 340 cpeau Bcex UCCIEIOBAaHHBIX 00Pa3IIoB.
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PucyHok 6 — 3aBUCMMOCTB aKyCTHYECKOM aMuccuu ¢ F), (a) u ko3 purmeHt tpeHus (0)
B oOpasnax ¢ nmokpeiteM CrN cyberpatoB 1206114220, 15340 u 19091
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Pucynok 7 — 3aBUCHMOCTb aKyCTHYECKO aMuccHH ¢ F, (a) 1 koadduimenta tperus (0)
B oOpasuax ¢ nokpsirreM DLCII cy6erparos 12061, 14220, 15340 u 19091
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PucyHOk 8 — 3aBHCUMOCTB aKyCTHYECKO IMUCCHU C F), (a) u k03 durmeHT TpeHus (0)
1uist 06pasios ¢ mokpeitueM Cr/CrN cydctparoB 12061, 14220, 15340 u 19091

3akiouenue. Mcxoast u3 pucyHkoB 5-9, MOKHO KOHCTaTUPOBATh, UTO € TOU-
KH 3pEHHUST KPUTHIECKOH HOPMAIBHON CHIIBI CaMbIM TIOJXOJSIIAM U3 BCEX NpPHBE-
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PucyHok 9 — 3aBHCHUMOCTB aKyCTHYECKOM amuccuu ¢ F, (a) u ko3ddurmenta Tperus (0)
B cyOcTpaTe, KOTOpBIi 00padoTaH a30THPOBAHUEM H MocienaoBaTenbHo PVD MeTogom
co3nan Ha cyoerpate CrN mokpeitue cyoerparos 12061, 14220, 15340 u 19091

neHHbIX cioeB spiseTcs CrN mokpeiTre Ha cyoctparax 12 061, 15340 u 19091,
TaK KaK CHUTHAJ MX aKyCTHYECKOH SMHCCHM TOKa3blBaeT HAMMEHBIINE TPEIINHBI
CJI0Sl B OCHOBHBIX MaTepHajiaXx. JTO MOXET OBITh CBS3aHO CO CIIOCOOHOCTBIO IIO-
KpBITHS K AedopMaly BMECTe C OCHOBHBIM MarepuaiioM (cyoctpatom). Camblit
HU3KUH K03(UIMEeHT TpeHus: ObUI JOCTUTHYT B cyOcTparax, KOTopble oOpadora-
HBI a30THPOBaHNEM, a 3aTeM PVD MeTonoMm ObLI0 co31aHO MOKPEITHE Ha CyOCcTpaTe
CrN. IIpuBeneHHbIe HayaJIbHBIE SKCIEPUMEHTHI HEOOXOIMMO PACIIMPHUTH HAOIIO-
JICHUSIMU Pa3pyLICHUN NOBEPXHOCTEN M MUKPOCTPYKTYPBI NOKPBITUI CKaHUPYIO-
IIAM BJIEKTPOHHBIM MHMKPOCKOIIOM, HAHOWH/IEHTUPOBAHUEM, U3MEPEHUEM MMKPO-
TBepAocTu u T.1. OnpeneneHne HanOoee MOAXOISMIET0 HOKPBITHS I KOHKPET-
HBIX MCIIBITAHHBIX MaTepUajoB M CMa3Ku HeoO0XoquMo noareepauts FZG Tectom,
WIN ¢ TOYKH 3PEHUSA 3ae/laHNs, I CPOKA CIyKOBbI O€3 MUTTHHTA.
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