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1. Tepmuusbl, onpeaereHust

KOppOBHH — paspyleHue METAJIJIOB U CIINIABOB B PE3YNBTATE XUMHUYECKOI'0, JJICKTPOXHMH YECKOI'0 U
(PU3UKO-XUMHUYECKOTO BO3JICHCTBHS ¢ OKPYKAKOILEH Cpeoi.

[InTTHHrOBAs KOPPO3Hs — JIOKAJIbHAS KOPPO3Us IIPOMCXOIAIIAs HA OTACIBHBIX YYaCTKaX ITOBEPXHO-
CTH.

Dpo3ust — pazpylIeHHe BEPXHUX CIIOEB MaTepuaa.

DPO3HOHHASL CTOHKOCTh — CTOHKOCTh MATEPHAJIOB K 3PO3HOHHOMY pa3pyIICHHIO

AJre3usi — cUEIIEHHE [TOBEPXHOCTEN pasHOPOIHBIX MATEPHATIOB.

TBepaocTh — ClI0COOHOCTH COMPOTHBIIATLCS! BHEAPEHHIO B IOBEPXHOCTE D0JIee TBEPIOro TEA.
MHUKpPOTBEPIOCTL —TBEPAOCTH OTJACHBHLIX ()a3 ¥ CTPYKTYPHBIX COCTABJISIONHX.

HanoTBepAoCTE —~TBEP/IOCTL B HAHO JHAala30He.

Jedopmarist — u3MeHeHus pa3mMepoB, (Gopmbl 1 0ObeMa B pe3yNibTaTe BO3ACHCTBHSA BHEIIHHUX CHIL
Yupyras nedopmarnus — aedopmanus ucyesaroimas mocsie npeKpaeHust BO3CHCTBHS BHEIHUX CHIL
3alUTHBIE IIOKPBITHS — MOKPBITH 3alHINAIOIHE MaTepHallbl OT BHEIIHUX BO3/IeHCTRHI.
["azo0abpa3uBHBIN H3HOC — U3HOC BBI3BAHHBIM YacTUIaMy adpa3uBa NPUHECEHHBIMU MOTOKAMH 'a30B.

2. BBegenue

I"azonunamuueckas ycroiuuocts u KIIJ[ xkommpeccopa COBpeMEHHBIX H IEPCIEKTHBHBIX
aBHALMOHHBIX Ta30TypOuHHbIX Asurareneil (I'TJ]) m nazemubx rasorypOunnbix ycranosok (I'TVY)
HAMPSIMYIO CBSI3aHBI C BBICOKOH TIEOMETPHYCCKOH TOYHOCTLIO M KAYeCTBOM IMOBEPXHOCTH 3D-
npo()UIMPOBAHHBIX JIONMATOK KOMIIPECCOpa, HM3rOTAaBIMBAEMBIX M3 KOPPO3MOHHOCTOMKHUX CTallei,
JKApPOITPOYHLIX THTAHOBLIX CINIABOB U HUKEJIEBBIX CYIIEPCIIIIABOB,

B niporecce skenyaranum JIONaTku KOMIIpeccopa 1moiBepraioTess HHTEHCHBHOMY aOpazuBHOMY
BO3/ICHCTBHIO OT COJIEPKALMXCS B BO3/LYIIIHOM ITOTOKE YaCTHI] IECKa, 30JIbI ¥ TBUTH. CIeICTBUEM 3TOT0O
SBJISIIOTCSl DPO3Us (M3HOC) M MUTTHHIOBAs KOPPO3Hs MOBEPXHOCTH JIONATKHU, MPUBOJISIIHE, B CBOIO
ouepe/ib, K CHIDKEHHIO €€ adpOJMHAMMYECKUX U YCTAIOCTHBIX XapaKTePUCTHK.

B nacrosmee Bpems npobiema HaJIS)KHOCTH U pecypca KoMIipeccopHbix jonatok I'T u I'TY
periaeTcs 3a CYET MCIOJIb30BaHMs CIEHAIbHBIX KOPPO3MOHHO- M 3PO3HOHHOCTOWKHX MMOKPBITHH,
obecreynBarOIIMX HEOOXOJMMBIH KOMILIEKC PabOUYMX XapaKTePUCTHK CHCTEMBI MaTephall JIONaTKH—
MOKPBITHE M €ro COXpaHEHUE B Ipolecce dKciuryaTanuu. CouyeTaHUe psiia YHHKAIBHBIX CBOMCTB
YOPOYHSIIOIIUX ~ HAHOCTPYKTYPHBIX ~ HOKPBITHH  (BBICOKAs  MHKPOTBEPJIOCTh,  ILIACTHYHOCTE,
TemIiepaTypHasi CTOHKOCTDL) MMO3BOJIICT HAJEATLCS HA YCIEUIHOCTH MX HMCIOJIB30BAHUS sl 3alUThl
OTBETCTBEHHBIX JleTasiel koMiipeccopa [T/l ot nbuieBoit 9po3un, KOPpO3UKU U OKMCIICHHS.

3. Hean paGoTsl

Hacrosimast paGora nocssiilieHa HCCIEJOBAHUIO CBOHCTB HAHOCTPYKTYPHBIX YIPOUYHSAIOIIMX
NOKPBITHH, ITPEJHA3HAYEHHBIX JIUIS 3aIUTHI JIOATOK U JAPYTUX AeTaneid kommpeccopa ['T/1.

PaGora jiomaTok Kommpeccopa MPOMUCXOJUT B YCIOBHSX BLICOKHX LEHTPOOEKHBIX HArpy30K
(bonee 10000 o06/MuH), BBIHYKOCHHBIX KoneOaHWH B pe3ylibTaTe HEPEryJsIPHOCTH IOTOKA,
camoBO30YKAeHUsT BeieacTBue QuiaTrepa, pe3oHaHca, Bbicokoil (350-600°C) rtemmeparTypsl s
CTyIIEHEH CpEeIHEro W BBLICOKOIO JIABJICHMS, TPEHHUS MMy CBOOOJHBIM TOPIIOM JIONATOK MU
HaJ[POTOPHBIM YIUIOTHUTEIBHBIM MATEPHAJIOM, BO3/IEHCTBHSA MOCTOPOHHHX MPEAMETOB (B TOM YHCIE
necka, rpaBus, ITHIL U T. J1.), @ TAKXKE KOPPO3UOHHOH CpeJibl.

M3noc noBepxHOCTH ra30adpa3uBHBIM IOTOKOM 3aBUCHT KaK OT (PUIUKO-MEXaHHYECKNUX CBOMCTB
Marepuana IOUIOKKHM MIM KOMIO3MLIMH  CIUIAB/TIOKPBITHE, TEMIIEPATyphl IOBEPXHOCTH, €€
HaNpsHKEeHHO-1e()OPMHPOBAHHOIO COCTOSHHSA, TaK M OT YCJIOBHIl B3aMMOJEHCTBHSI C JIBYX(azHbim
MIOTOKOM, COJICPIKAIIMM SPOJIUPYIONIHH MaTepHal.

["azoabpa3uBHBII H3HOC BIMSIET HA XapakTepucTuk kommnpeccopa I'T/l. Baxkno ormeruts, uro
H3HOC 3aBHCHUT OT uuciaa nukiaoB padbotel I'TJ[ w B wrTore mpusomut K yeenuueHuro Ha ~10%
adPOJMHAMHYECKHX ITOTEPh M MHOTOKPATHOMY YXYAIICHHIO Y (D(PeKTHBHOCTH paboThl KOMITpeccopa 3a
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CUCT YBEJIMYEHHs PAJHAILHOIO 3a30pa W HW3MCHEHHS TIEOMETPHH NpoQHiIs W IEPOXOBATOCTH
[OBEPXHOCTH Iepa Jonarok kKommpeccopa. Haubosee octpoit  mpobiiemoii, cBasanHoOl ¢
FEI3OEI6pEBHBI-Ib[M H3HAITHBAHWUEM, HapsaJly CO CHHIKCHHEM MCXaHHYCCKHX XapakTCpUCTHK JIOIMaTOK
KOMIIpECCOpa SIBJISIETCSE CHHIKEHHME 3aaca ra3olMHaMUYecKoi ycToiunBoctn komipeccopa. [Tosromy
Oonbloe 3HAYEHHE UMEET pa3paboTKa HOPM Ha JIONYCTUMBIH M3HOC, YTO BaXKHO, KAK JUIS OLIEHKH
pecypca, Tak # Juist 000CHOBaHUsI TPeOOBAHUH K 3alIIUTHBIM IIOKPBITHIM, YCTPOICTBAM OYMCTKH ITOTOKA
U CpeJiCTBaM JHAI'HOCTHKH HM3HOCA.

4. AKTYaJIbHOCTH padOThI

OO0bexkToM  paspalOTKM M HCCIEJOBaHMSI  SIBIBIIOTCS  3AIMTHBIC HM3HOCOCTOWKHE U
KOPPO3HOHHOCTOHKHE  HAHOCTPYKTYPHPOBAHHBIE IOKPLITHS, HWCHOJIB3YEMbIe JUIsl  TTOBBLIIICHUS
9KCIUTyaTallMOHHBIX XapaKTePHCTUK nepa jonaTtok komimpeccopa ['T/1.

3agayamMu JaHHOH pabOTHI ABISIIHCH

e [Iposeenue HayYHO-UCCIIEN0BATENBCKUX H3BICKAHHIT 10 TIOA00PY SKCIEPUMEHTAIBHBIX
COCTAaBOB 3alllUTHBIX HOKpBITPIl;'I

e Hanecenne BBHIOPaHHBIX DKCIIEPHMEHTANIBHBIX MOKPBITHI Ha CTAHIAPTHBIC OOpa3Ibl,
H3TOTOBJICHHBIE W3 Jkaporpodnoid craym [13X11H2B2M® (DM961) u TuraHoBoro
criasa BTS.

e [IpoBejeHne 3pO3NOHHBIX HCTIBITAHUHN MOJYUYCHHBIX TTOKPBITHI.

DKCIIEpUMEHTANBHBIE TOKPBITHS HAHOCHJIMCH METOJIOM MATHETPOHHOTO OCAMNJIEHHS C
MCIIOJIb30BaHUEM KBAJIPYIIOJIBHOM cHCTeMbI HecOallaHCHPOBaHHBIX MArHETPOHOB.

B mnponecce paborel mpoBoamiaKck jabopaTopHbIe HCCICIOBAHUS (PH3HKO-MEXAHUYECKHUX
XapaKTEePUCTHK ITOKPBITHMN.

4.1. CBOMCTBA NOKPBITHI

4.1.1. CpoiicTBa NOKPHLITHI, onpeeJIA0IIHEe HX H3HOCOCTOHKOCTD

IIposoas cpasnenne >(P(PEKTHBHOCTH HM3HOCOCTOHKMX MOKPBITHH CIEIYEeT paccMaTpuBaTh
KOMIIJIEKC CBOUCTB, T/I€ BaXKHEHIIMMH ABJISI0TCA: HaHoTBepaocTh H, Momyns ynpyroetu E u ynpyroe
BoccTaHoBlieHue (dnacTuyHocTs) nl'T.

OTH  CcBOMCTBA MOTYT OBITh BBIYHCIEHBl H3 KPHBBIX HArpy3KH/pasrpy3ku, H3MEpPEHHbIX
JUHAMHYECKHM TECTEPOM MHUKPOTBEPIOCTH, TakuM Kak, Harnpumep, Fisherscope HM 2000 B
COOTBETCTBHE CO cTaHAapToMm [3].

Jlonroe Bpemst TBEPJIOCTL pacCMaTpUBAIACh KaK [IEPBUYHOE CBOWCTBO MaTEpHAlIa, BIUSIOIEE Ha
€ro U3HOCOCTOHKOCTh. JIHAKO B HACTOSAIIEE BPEMS SIBJISETCS HEOCTIOPUMO JIOKA3aHHbBIM, YTO HAPSILY C
TBEP/IOCTHIO HACTOJILKO € BaKHBIM CBOHCTBOM SIBIISICTCSI BBICOKAS BSI3KOCTS [ 1].

Bs3kocTh sBsieTCSl BajKHBIM MEXaHMYECKMM CBOHCTBOM, OTHOCSINUMCSA K YCTOWYMBOCTH
MaTepUaNioB IPOTHB YAAaPHLIX HATPY30K, M OHO OIHUCLIBAET YCTOHYHBOCTD K 00Pa30BAHHIO TPEIIUH 110
NPUYMHE KOHLEHTPAIMH HArpy30K B 30HE CTPYKTYPHBIX JAedekToB. B sHepreTHueckoM KOHTeKcTe
BSI3KOCTB — 3TO CIOCOOHOCTH Marepualia abcopOHpoOBaTh YSHEPTUIO BO BpeMs Jie(opMaIiy BIJIOTH /10
pazpyuieHust [2].

CrnenoBarenbHO, MOKPBITHS € BLICOKOH BSI3KOCTBIO HMEIOT BBICOKYIO YCTOHYHMBOCTb K
00pa3oBaHUIO TPELIUH IO HANPSIKEHUEM, M, MEXKJY TeM, BbICOKYIO IUIOTHOCTH OSHEPIWH JUls
yAECPKHBAHUSA Pa3BUTHs TPEILIMH, MOCPEJICTBOM Yero IMpeJ0TBPAIlalOTCs CKALIBAHHE, OTCIaHBAHIC
WJTH CHJIBHOE pa3pyllIeHue.

Cospanue BA3KHMX, YCTOHUMBBIX K Pa3pyIICHHUIO KEPAMHUYECKUX MOKPBLITHH ObLUIO (POKaIBHOM
TOUKOH B MccieoBaHusx TBepAbX PVD mokpeiTuii 3a nmocneHue JecsaTHiaeTHs..

Kak nokaszano B psaze pabot [4-6] BA3KOCTL MOKPHITHS XapakTepusyetcst otHomenuem H/E (H
OTHOCHTCA K TBEpA0CTH, a B npejcrasnser mojtyib FOHra) u sigisiercst Gosee o xoasImum napaMmeTpoM
JUISL IPOTHO3UPOBAHMS H3HOCOCTOMKOCTH IMOKPBITHSI, Y€M TBEPIOCTD.

B noxpeituax, wumeromux Bbicokue 3Hauenus H/E wu  nlT oweprus  jgedopmanmu
IIPEUMY IIECTBEHHO COXPAHSETCSI yIIPYTro U BBIACISIETCS 1IOCIIE CHATHS HArPY3KH, IPUIaBast el BA3KUI 1
ynpyruidi xapakrtep. Kpome Toro, OTHOCHTENBHO HHM3KHH MOJYJb BeleT K PaCIpOCTPaHEHHIO
KOHTAKTHBIX HAMPSHKEHUH Ha O0oibiiemM 00beMe U, COOTBETCTBEHHO, K HU3KHM IPaIHeHTaM HANPSHKEH HsI
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Ha TMOJUI0YKKE/TIOBEPXHOCTH MOKPLITHSL. DTO MPEMATCTBYET pPaCCIauBaHUIO MOJTOKKH/TIOKPBITHS O]
HArpy3KO# M, ClIEJIOBATENLHO, JIONyCcKaeT Dojiee BRICOKHE Harpysku 0e3 paspyiuienust nokporrus. lpu
HTOM HIEPOXOBATOCTH MMOBEPXHOCTH MOKPBITHS JIEPHKATCS YIIPYT0, €3 CKIOHHOCTH K XPYIKOMY H3JIOMY
B TpHOOJIOTHIECKOM KOHTAKTE.

CaepxnilaCTHUHBIC XapaKTEPUCTUKM TMOKPBITUsL (BbIcOkoe 3Havenue nlT) noszgonsior emy
abcopbuposarsk JoKanbHO Oosbimime Jedopmanuu 0e3 MOBPEXJIEHHUH B pesyibTare, HarpuMep,
BIABJIMBAHUS MHUKPOUYACTHUI] (IIPU BBICOKOM YPOBHE 3arpsi3HEHUH B CPEJIe), YHCTO YIIPYTHM CIIOCOOOM.

CBepXTBEp/IOCThL U BBICOKAS BSI3KOCTH MMO3BOJIUT IMOKPBITHIO a/IaliTHPOBATLCS K BMISITHHAM Oe3
pacTpecKuBaHusl, a HU3KHH KOA(D(UIHEHT TPEHHSI YMEHBIIHUT JOKAIBHOE CUCIUICHHE H aJIl€3MBHOE
KacarejbHOe HAPIKEHUE, KOTOPOE ABJIACTCS OAHON U3 OCHOBHBIX PHYUH MHUKPO-TOUEHHO I KOPPO3HH.

BeinienepeynclieHHbIH KOMIUJIEKC CBOHMCTB Ha CErOJHSIIHUN JIeHb O0eCIeurBaSTCsa TOJILKO
HAHOCTPYKTYPHPOBAHBIMHU MOKPBITHSIMH.

4.1.2. MHorocJoiHbIe NOKPBITHSA

MHorocnolHbie TOKpBITHS [34] COCTOAT M3 MHOMKECTBA CJIOEB Pas3IMYHBIX KOMITOHEHTOB,
YJIOKEHHBIX JIPYT Ha JIpyra ¢ YeTKOH rpaHulleil pa3/iesia Mex/1y COCeIHUMH cllosiMu. B npeaenax oaHoro
cJ10st cocTaB 00bI4HO oiHOpoeH. [Ipu HTOM ToNIKMHA CIOCB U3MEHSACTCS OT JACCATKOB HM JIO €J[HHMI]
MKM. Jluzaitn MHOTOCIOHHON CTPYKTYpBI - elle OJIUH Crocod YJIydIlHUTh yJAApHYIO BA3KOCTH TOHKHX
IJICHOK 3a CYET CJIE/IYIOIUX TPEX OCHOBHBIX MeXaHu3MoB (cM. Puc. 3):

Puc. 3. Cxemarnyeckoe H300payKeHUE MEXaHU3Ma YIIPOYHEHHUSI B MHOTOCIIOHHBIX TJIEHKAX:

—

Bsizkas nmpocioiika Xpynkas npocioika

I — nporu® TpenuHer;
2 — BSI3KOE IEPEKPBITHE MEHKCIIOECBOI MMEPEMBIUKH;

3- 3aTYIIJICHAE BEPITHHEBI TPEIHHEBI H3-3a HAHOIIIACTHYHOCTH B MEXKCJIOEBOM CJIOC.

Beibop Marepuana urpaer BaXKHYIO poib B 9ToH KomcTpykumu [35]. IlepcnexruBhbie
MaTepHalibl, KOTOPBIE MOYKHO HCIIOIB30BaTh JUI MHOTOCTIOHHOTO JTH3aiiHa:
e KoBateHTHble cpszytomue Mmarepualisl (C, SiC, BN, AIN) - o01amaioT BBICOKOH
TBEPJIOCTBIO M KAPONPOYHOCTHIO;
e Metanmuieckue cpssytomue Matepuansl (TiC, TiN, TiSiC, Ti2N, TiAICN, CrN, WC) -
o0afaroT Xoporeii aare3nucii U MPOYHOCTHIO;
e uyoHHBIe cBs3ylomme wmarepuanibl (Al203, Zr02) - obnamaroT cTabUILHOCTLIO |
HUHEPTHOCTBIO.
Mmuorocnolinble MIEHOYHBIE CHCTEMBI Kepamuka/kepamuka (takue kak TaN/TiN [36], ZrN/TiN
[37], TiN/TiAIN [38], VN/TiAIN [39] u TiN/TiCN/TiAIN [40]), kepamuka/merann (takue kax CrN/Cr
[41], TIN/CeN/Ti [41] TiAIN/Mo [42]) u kepamuxa/DLC (nanpumep, TiC/a-C [43]) ycnemno npormm
DKCIIEPUMEHTBI € BBICOKUMH TBEPJIOCTHIO M Y/APHOH BsI3KOCTHIO. HanpuMep, MHOTOCIONHAs TUICHKA
TiC/TiB2 cocrout n3 100-200 ojiHoC0iiHBIX TpOCIIOEK, 001Iast TONIIUHA IVIEHKH JIOCTUTACT PUMEPHO
5 MKM, HO TpeIIMH B IUIEHKE C BAaBIHMBaHHeM no Bukkepcy no npunoxkennoi marpysku 100 H ne
.obHapyxuBaercs [44].
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MHorocoiiHas IIeHOYHAs CHCTEMa TAaKiKe MOYKET OBITh CHPOEKTHPOBAHA HA OCHOBE OJIHOTO
MaTepHaa ¢ pa3HOH MUKPOCTPYKTYpPOH, HarpuMep, 1ieHky a-C ¢ pasnuunol sp2/sp3 crpy krypoii [45].

B KOHCTpYKIMM MHOTOCTOHHOH TUIEHKH KOJMYECTBO [POMEKYTOUYHBIX CJIOEB, TOJIIHMHA
KQXKZ0r0 IMPOMEKYTOYHOrO CJIOS M COOTHOIICHHE TOJIIMH Pa3IHuHBIX MPOMEXKYTOYHBIX CIIOEB
00BEJIMHSAIOTCS, YTOOBI ONPEIENISITh KOHSUHYIO YIAPHYIO BA3KOCTE [46].

Hanpumep, Bsi3skocTh paspyuienus Muorocnoinsix mienok TiC/TiB2 cuusunace ¢ 3,34 1o 2,52
Mlla/m1/2 npu w3Menenun obmero komudectsa npocioek ¢ 10 no 4 [47]. Bsaskocts paspyiuenus
muorocioineix miaenok TiC/CrC cumsunace ¢ 4,2 po 1,4 MIla/M1/2, a Tommmba 1pocsioiku
yMenbinuiacek ¢ 1,2 1o 0,1 mxm [48].

5. Kpartkoe onucanune paboThl

5.1.OnucaHue MeTo/a HAHeCEHHUs MOKPBITHHI U JIAG0OPATOPHBIX UCC/IEA0OBaHMM,

ODKCIEPUMEHTAIILHBIE BAPHAHTHI 3AIMTHBIX MOKPBITHH HAHOCHIMCH Ha YHHBEPCAJILHON IPO-
MbIlUIeHHOH BakyymHo#i ycranoBke UniCoat 900MF. B ycranoske UniCoat 900MF peannsosan onun
u3 Haubosiee >(PexTUBHBIX Ha ceroausmumii Jenb PVD-MeTo0B HaHeceH s HAHOCTPYKTYpPUPOBaH-
HBIX IOKPHITHI — KBaZPYIOILHOE HOHHO-TIJIA3MEHHOE MarHeTpoHHoe HanblieHue. JlaHHasi ycranoska
ocHaIEHa YeTRIPbMs HecOanancupoBaHHBEIMK MaruneTponamu (HM), KoMMy THPOBaHHBIMH B JIBE JIyajib-
HEBIC TTapkl.

M3mepenns MeXaHHYECKUX CBOICTB M XapaKTEPHUCTHUK MOKPLITHH, IIPOBEICHHS 3PO3HOHHBIX HC-
IBITAaHUI IPOM3BOAMIMCE Ha cTaHJapTHBIX oOpasuax. Cranjaprueiid obpasel| npejacraBiser coboii
AUCK @20 MM M TOJIIMHON 5 MM, H3rOTOBJIEHHBIH U3 TEX JK€ MAaTEPHAIOB, YTO H KOMIIPECCOPHEIE JIO-
natku (xkaponpounas craab 91961 u Turanossie crtasel BT8 u BT3-1). ITinockast (TopiieBas) mosepx-
HOCTB JICKa OTIIOJIMPOBAHA TaK, YTOOBI HIEPOXOBATOCTEL 00pa3iia COOTBETCTBOBAJIA IIIEPOXOBATOCTH 110-
BEPXHOCTH IIepa KOMIIPECCOPHOH nonaTkd. Takke MONMpOBKa MOBEPXHOCTH oOpasiia Heobxomma,
qT00Bl HCKJIIOYUTH BIIHSIHHE IIEPOXOBATOCTH MOBEPXHOCTH HA PE3YJIbTAThl H3MEPEHHM U HCIILITAHHHA
3alUTHBIX l'IOKpblTHfI H CHHU3HTL IIOTPEIIHOCTE 3THX HSMePGHHﬁ.

B macrosmei Pabore ucnons30Banuck cieayronHe H3MepUTeIbHbIe IPUOOPLI B 000py 10BaHKe
JUISL HCTIBITAHMH TOJYyYEHHbBIX BAPHAHTOB 3allIUTHBIX TOKPBITHH.

Mexanuueckue XapakKTEpHUCTUKHU IOKPLITHS U3MEPSIIMCh METOJIOM HAHOWHISHTAIMH 00-
pasua B coorBercTBHH ¢ 'OCT P 8.748-2011 [3] ¢ ucnons3oBanueM uzmepuresbHoii cuctemel FISCH-
ERSCOPE® HM2000S. Jlannas cucTema MO3BOJSET H3MEPSITh CBOICTBA IOKPHITHIL ¢ MUKPOHHBIMHU
ToNMIHHaMu 0e3 ux paspyuienus. Kpome Toro, B 0TIMYHE OT TPAJUIIHOHHBIX METOIOB U3MEPEHHUS TBEP-
nocty 110 bpunenno, Poksesny uin Bukkepcey, 3neck yunteiBaeTes ynpyras geopMaiiis HHIACHTOpA.
JloTmoHUTEIEHOE NPEUMYIIECTBO COCTOMT B TOM, YTO H3MEPEHHE BBITOJIHSETCS aBTOMATHUCCKH (He3a-
BHCHMO OT Oreparopa) ¢ mpumenendeM mporpammuoro obecneuennss WIN-CHU®., Mexanuueckue
CBOHCTBA ONPEJEISFOTCS Iy TeM MaTEMATHYECKOH 00pabOTKH CepHH IMOJTyUYSHHBIX SKCIEPUMEHTAIBHEIX
KPHBBIX HAarpy3KH/pasrpy3ku oOpasna. B Tedenue TecToBO# mpoliely phl HArPy3Ka CHavaia IOCTENeHHO
BO3pacTaeT JI0 3aJaHHOM BEJIHYMHEL, a 3aTEM CHIDKAETCS JI0 HYJICBOrO 3HAYEHHS (3TO MO3BOJISIET H3ME-
PATH YIPYIYIO H IJTACTHYECKYIO Ae(opMaiiny nokpeiTus). Harpysky BHIOHPAIOT B COOTBETCTBHH C Ipa-
susiom Buckle — rinyOuna BiasnuBanus uHeHTOPa N0JDKHA OBITH MeHbIIE 10% OT TONIIMHBI TOKPHITHS,
4y100BI H30€XKaTh BIMSAHNAS MaTepHaa I0JUI0KKH Ha pe3yIbTaTsl H3Mepenus. MHaeHTop npeacrasiseT
co0oit anMasnyro nupaMuaKy Bukkepea ¢ KBajpaTHBIM OCHOBAHHEM H JIMIIEBBIM yriioMm 136°,

AJIre3us NOKPBITHA OlIEHUBAJIACK 110 aJre3noHHoMy Tecty PokBenia cormacuo cranmapry DIN
EN ISO 26443 [8]. CymmocTh METO/Ia 3aKJII0YaeTcs B MHJEHTAIMK 00pasa ¢ IOKPBITHEM Ha TBEPIO-
Mmepe Poxsesua oy narpyskoit 60 xI'c u nocieayronei BU3yanbHOM ONIEHKOH pe3ysibTaTa HH/IeHTalluHl
no 4-éx GanpHOMN 1IKaje ajre3HOHHON NMPOYHOCTH ¢ moMousio Mukpockona. Kiacesr 0 u 1 coorset-
CTBYIOT BBICOKOH aAr€3HOHHOM IIPOYHOCTH (OTCYTCTBHE a[T€3UBHOIO OTCIAUBAHMS TOKPHITHS).

Onenky 5po3MOHHOH CTOHKOCTH 3alIMTHLIX IOKPBITHI BBIMOJIHSIIH METOJIOM CPAaBHHTEb-
HBIX UCIIBITAHUN B IIecKOCTpyiHoN kaMmepe. [[puniuin geficTBIs IeCKOCTPYHHON KaMephl 3aK/II04YaeTcsl
B 3axBare abpa3sMBHOIO MaTepHasa MOTOKOM CHKATOrO BO3JyXa, KOTOPBIH uepe3 CHEHHAIBHOE COILIO
HaIIPaBJIIETCsl HA UCIIBITYEMYIO TOBEPXHOCT.



Merannorpaduyeckue HCCIeOBAHUS TMOIYUCHHLIX MOKPBLITHI NPOBOJAMIM HA ONTHYE-
ckoM mukpockore METAM JIB-32 ¢ kparnoctsio yBesnndenust 1o x 1000. MuUKpockon HCI1oas30Bacs
JUTST:

—  BH3YaJIbHOH OIIEHKH MOP(OIOrHH MOBEPXHOCTH 00PA3IOB C MOKPHITHAMH;

—  OLCHKH a/Ire3MOHHOM MPOYHOCTH MOKPBITHIA;

—  aHaJM3a KaleJbHbIX BKIOYEHHH (Je(DEKTOB) B MOKPBITHH 110 pa3Mepy, KOJIHYECTBY U OTHO-
CHUTEILHOH IUIOIIAIH IIOBEPXHOCTH Karlelb;

- OIpeie/IeHUs TOJIIUHBI TOKPBITHS METOOM MHKPOCKOITHH ITOIEPEeYHOro nuikga odpasios ¢
IIOKPBITHEM;

- BH3yaJIbHOM OLICHKH pe3yibTaTa 3p03HOHHBIX UCIIBITAHHIA.

Anamutuyeckue Becsl BEL engineering DA-224C ¢ tounocteio 0,1 MI' HCIOIB3OBANUCH IS
OIEHKH PE3yJIbTATOB KOPPO3HOHHBIX, PO3HOHHBIX M TEPMHUYCCKHX HCIBITAHHH I'DABUMETPUYCCKUM
CIocoboM.

5.2.BbI00p 3KCNIepUMEeHTa/IbHbIX BADUAHTOB 3aLUTHBIX NOKPBITHH

Onupasch Ha IPEICTaBICHHBIH BhIIE HHPOPMAITHOHHO-aHATHTHYECKHI 0630p B Ka4ecTRe 1ep-
CIIEKTHBHBIX 9KCIIEPHMEHTANILHBIX 3AIIMTHBIX IIOKPBITUH BEIOPAHEI HAHOKOMIIO3HTHBIE TTOKPBITHS.

B kavectre r71aBHOrO KpuTepus oleHKH 3()(EKTHBHOCTH 3alIUTHOIO HOKPBITHS paccMaTpUBa-
€TCsl CTOHKOCTh NMOKPHITHSA K 9PO3HOHHOMY H3HOCY. DPO3HOHHOE pa3pyllieHHe MOKPBITHE POHCXO-
JIAT 110 MeXanu3My 00pa3oBaHus TPEHIHH H MUKPOCKOJIOB. [To3TOMY BaXkKHYIO POJIb B 9PO3HOHHOI CTOMH-
KOCTH MI'PAeT BA3KOCTH ITOKPBITHSI.

B kadecTBe 9KCIIEPUMEHTANBHBIX BAPHAHTOB HAHOKOMIIO3UTHBIX MTOKPBITHI ITpe ijiaraoTes clie-
JTYIOIIIHE TOKPBITHS:

e AISIiTiN

e AISiCrN

Hanoxommosurhblie nokpbrtust AISiTiN u AISiCrN coctosTt u3 2 CII0EB: OTHOCHTEIBLHO MATKOTO
unrepmeraueckoro cios AlSiTi (mmm AlSiCr) w BHemnero TBEPAOrO HHUTPHIHOIO CIIOS
nc-AlTiN/a-SizsNs (mmm nc-AlCrN/a-Si3Ny).

Hutpuganie cnon npeacTaBisioT coboii HaHOKOMIIO3HTHBIE MOKPBITHS, B KOTOPBIX HAHOKPHU-
crajuiel ne-AlTiN (unu ne-AlCrN) pacnipesieniens! B aMmopdHO# MaTprIle HATPHIA KpeMHHs a-SizNy.

[Toniepeunsiit meramurorpaduyeckuii num@ obpasna ¢ nokperrueM AlSiCrN npejcrasien Ha
Puc. 4. Ha Puc. 4 nena 1 nenenus mkaiel cootBeTcTByeT | MKkM. CBeT/bIil ¢iI0i npecTaBiiseT coboi
uarepmerauma AlSiCr Tommumoit 3,0 MkM; Oojiee TEMHBIH BHEIIHHHA CIOH — HAHOKOMITO3HT
nc-AlCrN/a-Si3Ng Tommunoi 4,7 mxm. OO1ast TOJNIIMHA ITOKPHITHS COCTABIISIET 7,7 MKM.

Tommuubl cnoés juis nokpeituid AISiTiN u AISICrN B3aTHI 0MHAKOBBEIMHE 4TOOBI OOECIICUUTE
KOPPEKTHOE CPABHEHHE M UCKJTIOUYUTh (PaKTOP BIIMSIHHA PA3HOTONIHHHOCTH IIOKPBITHI HA PE3YIILTATEI
HUCTILITAHUH.



Puc. 4. ®otorpadus nmonepeyHoro cedenns HaHOKOMITO3UTHOTO MoKpbITHA AlSiCrN, mosyuenmast ipu

MTOMOIIIM ONTHYECKOro MUKpockona (yBenuuenue x1000).
5.3. UccnepoBanue HAHOKOMNO3UTHBIX NOKPbITHI AISiTiN u AlSiCrN

5.3.1. H3mepeHHe MEXaHHYECKHX CBOHCTB M XapaKTePHCTHK MOKPBITHI.

Mexanudeckie CBOHCTBA U XapaKTEPHCTHKH MCCIIEyEMBIX B aHHOi PaboTe moKpuITHI OblIN
HM3MEpPEeHbl METOJIOM HaHOMH ieHTaun obpasia B coorBercTBuE ¢ ['OCT P 8.748-2011 ¢ ucnons3osa-
nueM u3meputenbHoit cuctembl FISCHERSCOPE® HM2000S. Ha kaskaoM MOKPBITHH IIPOH3BOJHIOCH
1o 8 u3MepeHuii ¢ aBTOMaTHYECKUM YCPEAHEHUEM PE3YJIbTATOB C LENBIO CHHIKEHHUS! IIOIPEIIHOCTH H3-
mepenuil. [ToyueHnble pe3yibTaTbl U3MEPEHHI CBEJIeHbI B TabII. 2.

s cpapaenus B Tabn. 1 npusojsrcs panHbie 1o nokpeitusiM TiN u TiZrN MHOTOCIOHHBIIH,
nonyueHHble Ha stane 2 HUOKP.

Tabmn. 1. Mexanudeckue cBOMCTBA M XapaKTEPUCTUKU 3AIIUTHBIX MOKPBITHIA.

Ne Ba- Tun IBer Ton- H, E, H/E nlT, HV, Adresus
pHaHTA HHHA, I'lla I'Tla % Kr/mm?
MKM
| AIgrTay | CRPa-fu- 77 36,8 | 393 | 0,09 | 68 | 3478 | Kuacc 1
JIETOBLIH
2 AlSiCrN Cepprit 1,7 40,2 395 0,10 68 3797 Kiace 1
3 TN [ SYomere- 5 36,0 | 442 | 0,08 | 59 | 3399 | Kumaccl
JKENTHIH
Lelal 30JI0THCTO
4 MHPFO-., e 8 32,3 329 0,10 63 3055 Kiace 1
CIIOHHBIN














































