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4 . tdLzdz sOIsr MtcOo dzd Isj dz' dz' = dfmyfr lsOded 2 dz
Hi BBsdemistedtelzes M dj o] o ts5Mm eHaidists dste € ss@3lzdizj T fwda] W ¥ B Usd
fts MtcOQodzj ded® M BHAdSCSBY sdzj dzsde” &3 Btstcdtetso Odzed J o3
HcObgedz dz" 4 dMyr sOdedw dzO0 Y QhtsthisislR C sHSd mdzjcded 8 O
B dzd BOdz! dz@ d MtshisOo ddzO de® ST 1dH L il & jj Is ) lsuej josizdlzts
Bidz hj, Yids £ tBtcOL yYytse f) tsHdsS i sdzj dzlsfigzr iz 8 dsj

5. tdLkdz sOIsr dimmdzi Hso OdzdWw yYdIsr tejn t6OL dzd
HdWWEkL dededzetsets dzOfmr M jdedwy (SerdzOYHjdzdd o oBH],
otsLHEZARY, BRrdOYHjdd) M fodd ykzlstsydzs?2 or" HJj YS!
SE Oy Hjddd o otH] GBEBOLEZjIMY o jteHtsmis: HJWW
(1724 sHWOSts ftedosHdls ¢ SBLOLBoOdds BSd hts
1 Cif z2OlsOydsdedzr § R OtOCIjtedMmisdSd fsCter Isdw. 1 C
ftetsdsj ) 2lssydasRo ol Bitgde Yisdt2y O Blo2j ok tiEplsilj5 BlaIRE MR t
du 0 slkikzimise § MY kisPl GuxfeORds jjtcd Misd S d 1 ¢ wI2d ¥%
ftcjorhOsls S ZzOOYdtsdzdz | ROLOCIjtedmisdSd B

1 20y j dzdj ftdzyjdedzr & tjLbdz Otse Hdw Isjtstedd

1. OLtcOBBIOdz dgso "™ 2 BjlstsH Wistedddtotso Odzdw € j to
W yih OBy seotsets dqdzmlstelzdzj dzls© f d My swz) w &B 10 fzdgj ¢
L dzj i3 delstse, RtsBBO d BESKO.

2. 10 sfmMdtej tjLEkzd IsOktes Isjstejlsdyd MSda
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sjrddud My tjhjddj (6 BEftesydsy dzd® cestevyjhls
HqWWEL Jsdzdztsets tSHdzetso toj d3j dedetse 5 dzOMr h j dzd W B Sicts
dL dzsfsmiss?2 66 BIsb5, Hls@d@d, Mss2esMmis! ¢ tOL ¢ Cleay o
Mists?2 CsMmiss -h¢j dEtfuipiasRls BdstetesL dd o 7, 2 tOL O.

3. t OL tcOB tsls O dz' MsMmlsOer dzOfmr h O h dQ ftcj +
W Yj " sORBf s 7 MlsOdzj 2 ,Bs0)¢ @tz @Pofl §j W EKEBE SO &
Bd dzgstsdzdls, BECfMdHr ~"tesdkBO® d yjtedw. 1td Isj BfJ 0
dZzOfmr h jdedj Btesd M BAFf 8BS Q@RGIRLBTHO 2 C O 9 %
BJ dzlstsdzd Is.  sMisdcdzzlsOW Issdzh ddz0O HAdWWEL d sdzdztse s
so jtoHtsMIs! HIWWELIIs/ABdM.c 5 § sCter Isdw

[issHBdsedY d ®jlssHT dhidjHse OdadW

{Bl jCIsOd3d dMmMmdzj Hso Odzd?2 W o dzv dzd fiy* dimf sdz' L k2§
ddziistclz dzj dald GHlLGlE @dacp [ AILEB) (,5 MANSL2( 4m4)] [ A ([ R22)

ltoctsBtsf SHESIstso WO,L sfgls gz linthtefetsl so Odzdw d Mo ts2 Ml
dmf sdz! L soaOdegd j &3 BBtStczZHBS OdzgdW Yy j dzlstcO® Csdzdzj CIs( ¢
IsOC ¥ J dzO eqtdrdr@iky) tSitdsdatO Is j dz! M ¢ 52 ddztt e OMistezC Iskzter
cmd 3 dsf POfdetse dzr d3d d3j ssH Odsd MlstwelzSIskzedz - d mfm
Rd S tots i COLYMP DS HRUFB Qflstc EESOCAN Ml RAZ BLIMSS Ge mi
L dzj ClstetsdzdzOY RBdSCtesmMSsy w. AOLBa " 2 MmMsmMisOes BOL
HdWtcOC Gangpyr(ean, Wat QGkls ntg . wOMY tod HJ dzj ded W ndc
OdzOdzd L dtelzj d3" = d3OIsj ted OZOr L EZYOdzd M  ted d3d dzj dzd
(EDS TESCAN dGHERASS MBe i h iz} O-Bsteaztesscts toj dzls ¢ j dz
( EPMA, JEDOHP20XALY. &oj dakdStetslke joHsmisd  dfyfdy
dimf sdz' L s Odzd BV @ BIB®Y) jtdsiAsddey fitpls dzZOW OHGjJ L dw s toj
fMls OdzH OMeDsIS3BL PBtso j H W dmtfr IsOded 4 ftod f§ sBEBRH50I89
Zjtosntso Olstsfis! d&3OIs| ted O dzO Ots 1 whyifiEij oaisdzQsi) ¢ dSAFC ks G tisk
COuyd Mlsey dMfr sOIsj dz' degséts BBBGEZHES Oded W HdzW sYJ
Istcj MBI RMY " sOdedw dzO ) Ot esydesmils! §sCtcr KGR
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17TRPMY r IsOdzdw BOIjtedOdzO dz20 S dMmdztsisdzlze d M j dztsydz

) tcOMistrSsG'd Na OHntstslse jIsilsealzs h j 2 Cedzyd dzlsteOydd .

Sfted HJdzv dzOMm! ki@ OMUIlsO fsilsjted dGBOMMr .
glsjffjde HBMistse jtodzsMisd v Chiffrig HslsCONHd'S dedg ciziz! dishif

[ sMisse j tcdesfyls f tsdzlz yJ dzdz' w tcjLlzdz sOIstse tsB
Mtse toJ d3j dedz’ - Bj stsHtso dmmdzj Hise Oded 2, dmf sdz' L ts
sBBtcHBso Oz RBItctso se 5 ktotso dzv .

tdLizdz O ©OB®Ir Brdzd ftej HMIsOodzjdz@r d &BI
SOLORMsOdN] BOSC B Uibs2 Coda j 6 daydd ¢mdd3dud iy
BOljtcdOdzscea e (1 4 vwQte@Od,] v HEPISOdzis OL OR MisOdz, R
d ®des-dizdd &f {(¢1, 16esMdedemns, 2HEBDLIdN]!
CodgW j toj dzyd d ¢ R dztsfyls tc Odzdz 2 sz Qdas o Ods | df'tcdsty gg M
tesMMd2MEsets ozl A& . [] o H Iz d@AdaiEHzddO) v @I0RdZB Jidg Jd3izy offy)
Mo toj 3 tzdpdZe (G@.H2022M083¢ , XNV | fMjtesmimd2 MS 52 ¢ tsda¥
Eyijdzr n d Mfjydoddmlsse c¢ci1bkHENj] &BOMddshistes]
I O BOdz0, [ sMSo0O, 2022 ¢.), ®BiNHEZ ZOBGR ids? (-€ 5
1l jjtweBlkzteeg, 2021 c.); dj ) Hjz ded tatogRidis@t) teigts Czis H | fi 4
G.); BN HEROCHEie &SR d yifzhkmdes CtsdW j e dzydd c oS
BOh ddesmistesj dzgd d e  ( ¢ 12 012 R othesfhtt]) BVdrid Ganieren@eOn2Mechanical
Engineeringand Intelligent Manufacturing(WCMEIM 2023)  Wghan Ching 2023 G , the 8th
InternationalConferencen Digital ManufacturingandAutomation(ICDMA 2022)( &Vuhan Ching
202G . )

1 kB dzd S Qipdiatso dzsj] ftsH jtey Odedj OBl SfkBddSso !
9 N tdzOdkzOL dLl Gylg @l s, Iddey j SMdtelzj &3 TWeb dadfz € &d
dScomus Stslsster 7 7 MBOISGERCR) ) ktcdzOdzOR

[ dydz” 2 9 C dzOmits fifdotdfidtc @0 ff sMilsOdaetso € j y4 dzd, L OH
s stejIsdyud MSdr hBj ssHtse dMmMMmdzj Hise OdedW, BKOBKISC
wWistedigk dzqtetso € J o' 9 tsHiSO .
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ftsSHH ]ty CEz.
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L &0 0 1.  BEYYjhkOBiser j fMlsOdd d d&jlssH’
Y YjN OB soscs ddhistldgj dzs O

I Bewyih ol sor j MlsOdzd wodzwelIsfpw whdatse dzr d3qd
dzts 3§ dz§ dzOlszter hsOBY sotsets Jdzmistelzdsj dels© d S kL daj
odzdvw jls 20 ftesdLotHdIj d desfyls! , Mlssddismis: d & C
4 tdPsdj B3 { Ssdtsdkdyd MEis?2 catBOddL Oydd d tj Mistk
cOLodlsdv -hSsOdEsydE s fosdLotsHMisa ©® MisOdz o Oy dzf
ftosd3r hdzj dzdzsfplsd o MlstcOdzj. ZBOBIsS9CO WwWodwjlsmw
tc OLlseddf € Izh D dfflziso se s ftesdL otsHMiso © MlsOdz ¢ dz¥ yJ
ftosdLotsHMIse j dedz§ 21 | BIOL f sSiydejtaiOdef | G tsSH T fn BT Mists
oLicsMdzZO flstcj B desmls! ) hlsOiRY 50 Odzedz’ =~ dL HJ dzc
hsORf sosets ddeMlstczdzj dzls© d jets tj MztemMikz OB SIS’
Ctstew yJ 2 hlsORRf s Cjo,MisPzj AR MisdDo dgif dzOo t&f L destsdz
Isj tdzd yj MS k¥ EMlsOdsmls: sBEfMdzOe dzd © O h s  f sW 9
hlsORf s st Yi et HJWtstedidtetso Odedw fuydlsOs Ismw Isw
orhj 60 MCY | dzOdzd Usdiglsd® Cas'dANtEC fn M Otcdz’ 7 dzOC tob
fsojterndesisi 2. st Itset, tOBtydy f§sojten dtsmlis
Bdzs e S t6OIsdz d3 yqd & dzOdz dzOctej 9 © S dzOYHJ dzdW.
azO0f oWy j ddv, Isjtddud Misdesls 2B PO g izs A SSti's
MsOdzd dzj 6Sts fsHo jtey jdz of MsClsj B3 j teOls iz ts dzts Bz
CjLid O] kjtedkdyj MSB2 kfMlsOdtsfifld rdds st she jOdk
CtewYjh kOB sotsets ddhstkzdj dsO, JMmhmdjHss Olsj dd
sfdso dz' &3 Mots2Mso OB Y yjh ORI 7 MsOdzj 2
W Y " sORf sotses ddzMmistelz d3j dzls @ ste®@ &dqdz j= d dgd i +
BOjtedOdzse HdzvW cetsYydres "MO®Rf o, sflsdddL Oydv

sBtcOBBISE (.
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11 [fmdesodzr j HjWjClsr d kijesoOddY § dtgw

1.1.1. [j%jiCkr hlsO®Rftse CBBYYJjCES HjYsSteRdtss Od

Il fwesyi mMmd M dz2OOyYydd cotewyjhlsodkfseor 7
BOjted Odzsdz, dZOGtejls' B3 HEs o MsCdnr Isj B Jj cOlskzte |
dL 3 dzgj dzd ¥ Mo ts2fMmlse RBOIJ ted OzO, e dzdzs jcEts 1§t
4t dB3j dedz" = dzOf oWy j ded 2, oo ik dafsidy jddedse jd Lf tifls
sfdetseo dz" &3 § B84 ud dzOd3

(1) )} &ZOMmlsdyj MSOw HjWstekOYydW

] ZOfMisduj MS O HjWsed®oydy, ddd Hj¥stsoydvy
Isd SEyd Misd, wodzw jlsmw MmMdzijHMmlsod] &3 dzj HisMIs Ols s5ydats
f zOMmMisdyd MEB2 HiWBSteddOydd, otLddcOshdj o (Y,
o dzt y O Is, dzOff tod d3j to, tcOL telzh jdzdJ f k& OdzftsdzO, z o
fswodjddj of Mkzyftse &O §kOdhsdj, O OS] koj
tcOBBYOWY o jtorndetsfls: hilsOBRBf s CEsteWw Yyd 65 H J Wt talizo
HEs or MsCdn Isj 3 j cOlskzts, {Ists ftodosHdB® Yj ¢y tog dib
fsojtrdsMls! cLOoster NSOBIO dBsYJls 6OL @BYW ¢ yOls!
I sl sz fted dzgj HsMisOlsyYdes?2 Iseo jtHBMIsd hIsPdEY B¢
o' MsCddsd bkHjd dF &3 dz20 dzd° dzO@ctelzL S ORd dzOB dzb
slso j sMisd 2 .

(2) uinsOdtshisdr 2 BCOL (kjfdkser j ddkd ©OLCOE

vjfdzser j Istcj M d dzr , sOC Y J dL o Jj Misdzr J co¢ tc
COMf tsMstOdzj dzdzts? VY sted®s?2 GLCOLO hlsO®Rftse ¢
SBOLEZS kMW o &jMsOn CtdyjdasteOydd Isjfdtser 5 o
{50 jtorn detsidfdsWholstIgfdQ, Istej " ddz Bj dzv j s Mshistswdadj ¢
ydmdz0 ydSdzse fowedwelsfpw dziBBdz hdj tcOLTr o
Vsted3dtslzs sy B S tetsiste M d dz" Clstster § ftcj otcOh O
tcOMmh dqtewis! mw d Jjo  Chjgginuyfdds'dy fifflstsdgy Y Hiz MtsB B2, BB iG!
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¢ ©OLtkh jddy oY yjhlsOokisosets ddhstekzdj dso.
f zOfisd ydesMmisd cotewyj" Ok sor & MmlsOdzj 2, fdedy j d
ftsorh jddj CoiUWduyd)dsse Isjfosftese sndtshlsd d
fsor hsj dfipss?2 ydotsimlsd € Isjfdsets? kMsOdshksd. u
Cdzg yjobkr twtsdzr o LOBJHAZjdzdd BBKLOL o Odzed™w d tOL

(3) tOLtlzhjdd ]

[Br ydzes t©OL tlzh j dzd hisORBYf s CBteW yYyj€® il ae
BjoOodeduj MSdn ddd bjfoser s fjjckLss, ybkt
AdLdujmSd?2 &jrOoddLd {stsets ©BSOLO L OCd yojlsy
stejh qdzr Odfdendd ddz L dzOydlsj dz' dzr 7 Ctsdzyj destcObstese  dzO
fjtejoitsHtse d Is. §. d dzgjHsmlsOsyds? § dOfisdydzs

(4) CStesLdv d CtttesL W

CesLdw d SsesLdY Wodwslshw o0xydr &3 W OCIE
WstocdissBtoOL ¥ h drn ddemistczdzj deglstse Hdzw  dzd s w yo jIsd
mMdzd 1 O0j s tjMmMkzteh. CttsLdw oCdzs yoOjls o MmiBw Isjteds
Y StEsEstOL ¥ M j 65 i &St kds]legsOdzs 2 Wstedl , Cl®S togL
CsikBdJdzdtetso Odgdlzsets  Hj2flsodw BjnOdduj MSsets  d
foskdosftedcOtedets] §Sterlsdj ddlsj2dets? Wsted IsC
oBLHj2Mise djf.sH tPodkflsizdjj &3 BOcdzdj o' 7 M &zOs 5o .
sB' ydes ki jls ofr Sk Meskshmls! (sks¢o, ykts
BOcddjorj MmidkOer BEOHOsk orf MsCt?2 Sdddyi s
Octe Mdo dzs MO O BE GO tefn Wisteds, dLEtSISOo dzdo O «
stetsdsj Istscts, dizgld ddslz® "dIOic dad § o e ts A fffZdnQremn@|, dzd ls @€ & J
Lol disdedz 2 CtwiL dsdeds 2 L WWjCls, BtOLEZW
YsteRse sydsse s izQdasl dinezls Odzgs o ' &3 dMlstsydzd S sdg s
fosddCdiso j dzdd ©OMY ZOo O &Ocded™ o Istojh ddelz, Ml
Hi2Meads, Ctbtttsj, o MyjlOddd M Isjfdsser &3d dz
dz0 Ctsdeyd<¢j Istejhdzj,j vyt OHz] ddJ . l sor h
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fesydshlsd d Rd@dujMSs?2 MsOBdd dshlsd cstw yjhl
sfteslsdo dv j dsmisd. 1o jtwhidtshmlsdr j §sSter lsdw, o
B0, kOCY] Bsckls (W% jChkdodts kdzzyh dls! MY dzdytss
tesLdd d CtstwsLdd o ©ONf zOe OR &Ocddjor s d Od

1.1.2. sdzOmMmd¥deOydwy cetsteWyjhlsoRfses 7 MlsOdzj 2

Il LOsadmdBsmisd s Isdf O d MsHj oy OddwY dzjcdtelzs
BMls! t©OLHjldzj dg] dz0O

(1) 1dLStsdzjcdetss Odedze" j cGtstew yj M Is Od3@ tlaMoj, -Nifsr O dz
Motff t6j HMIs Qo dzj dzdz" § 10T Wi dtfo, V, Is B Cl dyd iNBAOHK S8y Oz § &
o AwwOoMmMm. %, O tMlsOd d' j d&jcedtekzshdj < dzj 3jdelsr g

(2) wtjHdj dzj cdteseo Odede’ § cEBtw yj "GMEY sy Ph dds C
sO¢dj SCAMESIMISBBALE)r 5WR2VSi, AASIAHLRRRZ2)) d H

(3) JrmeCtsdzjcdetso Odedz’ § cEsteWw yjhlsodf so WiMofls:
kOCdiCKPDWMEB2Si V, 5Cr f WMasZ¥¢ J(j RM2)

dlsOdel SI B3 ALd)lsts MmlsOdz ZOdeBdzj § Mdsit
fteddsj dzgj dedvw 7: WSEdBOR HA&v ddls' v §sH HOsdzj dad j C
1 CMstcgbdd 6HBSH ey Odedy RtesdBO o HOdzdes?2 Mls Odzd
Btsdz! h ddzmlso sds dedL Ssdzj cdtetso Odzde m 6 SteW Y JAN SO d3f Hb:
(4m5[Ale) djcdtoso OdzO HEsY sdzded Isj dz' dets Btsdzd B H | dal
bz yh Ojls jj ftesCOdzde O ;ssls

H1l #ls Odz sSBXEZOHO s lsdzd ydets?2 ftetsdL oatsHdIs] dzd dats
SBEZOHOjk fAttkshdd jMtehsd tOesl', of NS ddkd
Hjd&Ojls jJj (sfkdved &8 o' BStesd HA&Y Wisted &GO
WstodicsBteOd dzfflétglmdsj dzls © Hdzv cetstew yj 2 1 SMmistclzL dd 3y
fsHO jtleeOjIsMY oaBLHjJj2Mlsads Ijfdsstsets EkMmlsOdshlsd
Meyd sOdzds otsLHj2Mbseodwy CtstetetsL d(d. stetsdz] HHE B,
oy ©OBBIT §He jtecOjlsMmw fitedsHdud MEdd3 dzO
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oL dzfCOkls or MsCd) Ijfdser j dOftwwyjddw dgjxHLE
ftedosHdls ¢ EMsOdshisd & ot FVHj tAflg dcls  fHd
ks Odzts s dzr 7 s eHtd [Bp High dzds I w i) Ist@aitaff W § Stokzf dzr 7 o
C OB HIse. 10, ©OLBjt, wOMtjHjdjdd] J Wskd
oMy etsisteOdzj dad j Isjf dzsor &  HAfiptO-igstlpisds 7 ts dsdaty i) dflsig
Ctsdpyj delsteOydd dzj cqdtelzs h Cr 4 dAiS)i deMitoej, H j IS0 d B Y G
Coyjflej djcdekzshdn, MmMsdhBkzddekzjls GeBtOL 5o Od,
ftesyd M ¢ tod BBIdedzduc@gdiaj dzd ¢ M BBdesec d &3d Htelkz ¢ d 3o

1.1.3. tO0sydgcEeeaibgiisds s Mls0O0dzj 2

l fmewrLd f Ijd3, Ut EmMzsedvw 1 ¢MfdzzOlOYydd ¢t
COC tdzd dzZORtsHW IS o ftowhBsd CsdzisOClsy f dzOcte] Is!
ydSdzdyd Mz dz0ctej oz d R dzOyHjdzdr, O B@F Y J dzg
feslilssdid ¢ ceotwyjhlsoBfsor @3 MlsOdvd3 ftejHI Wo dzw
nOOCIsjtedmMlsdC O3 BOIjtedOdzsea. RA dMf sdz L 59 Odzd §
fwisd Ofgflj S @R 14, 15]

(1) vjtedddud MS OV IshlsBB @y fhls' Yyss dBOjtedOdz o
Mfsmse jd MrtcOdaV Is! RS MstekzCIskztok d dzj 1
1 CMYf Zz2OlsOyddzdzr = R OwLOSIjtedmMisds. [dz sBdZOHOJ Is
MBtcOdzvw o MsC k¥ Is9 jteH sMlis fted §tsorh jdzdeg = Is,
fpzh j Mise j dede" &5 L BjdejdedW 3 ftsH otsLHj2Msadj 3 odz
MlsOdzd L OeadMmdl s jj McMisOeaO d Ijrndsdasecdd Isjts

(2) 1tsydssmlis: d f§ dzOfmlsd ydzetsmls : BZ3OIs j ted Odzr
CsdzZsOC Isdtelz PRHOR@Bds] OdzMsCdn s Bf j cOlskzte, ylst
fsojterndeafilsdj L jtejctej 8 O, ylsts o Mmotss syd ted
mMsfteslsdodzvis! M HJWBtedkOYdd d wOLtelkz" jdeds ftsoj
#dzj Hts9 Ols j dz! dzfs, ftetsydaB Mis'r Is ‘30 EROE dn@ dz® dzH dztdzy de " M
Ldzj d3gj dglsr, 1sOCdy C0O¢C Rtetsd3, d@BsdzdBHjdz, 9 0OdzOH(J?2
f tetsydats s W j C Is d o dzts fser hOsls f tetsydesmls dz' § n Q
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CteY Y " sOBRBf sotses ddziistelzdzj dels ©, vyl M smMtse Miss iz
( 3) e teslsdo dzj dzd 4 Isj ez yd MEs2 EfMsOdsmlsd
fsHo jtlea O Isw ydsdzdyi Mtz dOectcjolz d r dzOYHJ
ydeaduimedd bjttddudmid) dofwwyjddy. (ks By
MOz fHilsthitse dzsMis! BOLjtedOdzO Mfteslsdeo dvwis: v s
OMmf j Sstsd3 jets 1 M &z OOydsdedzr = R OwOCIsjtedmisd ¢

LdzZOydlsj dz' dets ftesHdzj 90O s MiesS jets Mdzzysr .

(4) utsfttslsdodzj ddy dLdtshiz: Wsttdse sydz § ddzimls
sOCHyJ UBHo jteyjd dedesime diygedgdes dig fiplofizdea f tod € ¢
EmMzsodwrn o Mslts? I kfjteOlskzter CdMmMazsttsH WO G ds
Colstste’ § dzgi LBy des CtsdelsOCIsdtelzels f BOI ted Odzs o3
d dzfls ez dzj dzls O .

(5) utffteslsdo dzj wBiIsyYHY d fifdsjodedesn:dztsfisd M IsORY 5o
Yyomkss &OrtsHWISMY f8H Hi2Mseadjd3 o MsCdr Isj B 4 &
dr Yo jterndesfisd. vIsts o Mmoss yjtjH!' dzj cOlsdodz
Isjted3d ud MC 52  IHjlsddRfgdsh stits W owpligjtdzd §  Istej M ddz Btsdzj §
Bsekzls dzjclts BlsMdzOde Ol Mw, ybkts fttdeosudls ¢ EMC
EmMss2ydoetsmlsd BOjtedOdzO "IsORYf s ¢ steW Y, EHsdzadHdf W ¢
o0 dz' » MMt ko jddyd ddyw MO MdAzizysr .

MmOOCIsjtedMmisdéd ftosdLotsHMIse j dzdesets ftetsyd M
MssddisMmis: HtsdLotsHMIsa O hIlsOBYf s, ISSEHO COC ¢
tsdzr o ftesyjmmi dr dhMisd LseOddw. sOyjmket
drftesdL o sHMlse j dzdz” B, OS d S kzzOkOYydtddz o
BOLjtedOdZO HAV "NIsORf s cEBtWYjets HJWBdRdiess Odzd

1.1.4. uvjndktdksecdd o jtondshisdsets ki totsydzj dd W
1 5dMS iBjlssHtse o h jddy e jterndsisdy 7 Mo 52

d dzmilstez dzj dzls© W o dzw j Isyw i @' jiddslej d3r OH10dQ &d 2 s t

CtsdzH j e dtetso O dzdzs E sz@ g fzf vo o j Y tidase dzr i3d Is
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W YyjhlsOBf sotsets dJddemistelzdzj dzels© W o dzw s Isfyw : dzOf
Isj ndesdzsedd dzOL j tedets? 5B tc @R s dy J € 0O tc AsdztsiPls ds,Is ¢ &

(1) vjndesdzsedw dzOfr dzj dedv §tsCter Isd?

vindesdzsedw Isjted3dud MStsets dzOf " dzj dedw §f BSHOL 2z
so¢dn ¢0O¢ d&j lsOdzdz , CiteOBdC O ddzd M zOer H S
dmMssydzd 0, O LOIjd3 OMyr dzjdedj +Isdn d3OIsj ted O dzts
fslssC 0O, vyt ftwdeotsHdls ¢ dn tMOYHjdd¥ dO {§ tdjlHée,C
17] €O bkjrdsazsedw MmMfsfmsemlseakzjls EdzEzyh j dzds
HidWBtedzdtetso Odedw, EkojdduydeOjl MmMlss2CsMmis! ¢ dL dz
dmf sdz! L) B3sets Isjf dzsosets dMmlstsyded ¢ O, L Isk Isj r dzts
I R desdzs e d d L dzj Slstetsls j Adatsdzts @ (L dzj CtetsH 26t
(Lt dzj ClstetsoL tcr adatsy ) tOMmY " dzj dadd ),  dzOL 3§ dede'8] Is g

v ndzsdzsedwY Ijtedidud Mitsets dzOfr dzj dedwV d3sy jIs B!
f slstey Bdzsmisyj 2, Ylstser EHtso dzj se sted Is tcOL dzd ydzr J
fsor "Ojls o jtoHsMmis! , Mis2¢sMmls! ¢ dLdshkz, (st
Hf W stcdidtetso Odzdw, ftotsHdzi @8 OV MtesE Mmdzeysr . 1 dzv &
Isj ez yd MSsets dzOf " dzj dedv B s dMfsdz L s9 Ols! MW
ffzzy BT hO®RIO d Mddy0jl S dzz Ok Oy (J s dzdz’ GBAL, C
Isj ndesdzsedw Isjtedzd ud Métsets dzOfr dzj degdv tsB' Ydets BB
fsLotsdzvjls Br Mistets d dsdEOE BuHipfiilsiOpdCeo=bd@I0Is 1 O § ¢
hlsO®Rf &8, 109]

I O] sddLssiorads Zsc ds o MsC tMC ¥ HERARE
dzOdzj N dzdV CY GE BIL B HFaOIdzO  tso j tor dztsfyls H1 B d3AE tdaif dzd {
fsCter sdv ftod ©OLAEJYyd 7 ISj&fjtOlskzteOs (25 , 2
Mtcj Hdzd?2 SCSoL WY CWF))kBtclskgwzdftef tOL dzd ydzr ° Isj &3y J
H1 3dzj fsHO jteea Ooh j2mw fso jton desisdesdslz Iz tfMecfsoig| dz
Bd - Odzd L Bsd3 dL desMO w9 dzv j Is iwC oGBr terAL i Pea®i3™ Is to iy dztz fj) k
dL dz2Oh do O] dits?2 ftso jton detsflsd f dzj dz€ Iz, 5B d&zZOH OB h [z 8



21

MEOLSd o kMdsedwi ©OBslk' hlsO®RfO. w6t tdd.L
sj i j ©OELOR 400 d 600 L dz@HWIOSFisR! tedztds dojrdg, j , U ISUE
@O Bdjj o'-itfk skt 2 HVOE s Chids Asddtj Q. i

(b

~
o

~—

>

o
%

e
>

S
S

02F

Friction coefficient
Friction coefficient

—400°C

——600°C I ——600°C
0.0 | 0.0

1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time/(min) Time/(min)

tdmMzdeES teifol § Cs4 WWdyQRREd BGEddyw (j Bl gL dzs
f5C toCodor ALV P@Oif od tOL dzd ydz' 5[ 1s8 ]t j Ol z t

Pankaj d€Chhtd.§hthisd L tso Odzd f dzOL Bj dedets ] dzOf " dzj dac
f sCtcCls@fNi @20 f§tso jten dzsfis! A BI0 R OIcEMisigk Ot O ff ¢
d BHdSttsHdOY, 0 mMtftslsdo di @d s dalstsH b figls M sijtis\gls @ e
f sted Misis,mjdss'N 0, 5%. 1 H dzOGtelkzL ¢s2 25 1 d 50 1
fsCter sdj §sCOLOds dzyh ks dL datsfhsflggRosinls ¢ o d
Cod3dzOls dets 2 Isj o3 J B0k ©z d) ©ffdega ditsdizdz’ &3 f i dztsfts ol F
lsj B3 j BB Pdedz” 2 dL detsfy, oCdzs yos h d2 OHG ] L dtsdedz 2

W. HadyR.hf sdz' L soOdzd Isjrmdetsdzsecdt dzOL || To8REay ts
dz0dzj MJ dedf v € sdi3tf 5L d QsCaNdzdes cHsl OfANG @ ModBih + & h Octso tS¢
M r sOlsj dz' degsets fMlsjdgH O dMidzj Hise Oczd Y tso j H j dzed §
Isj B3 j cOlsZtcORCRBj HdD ts700RQHY ddisC tistecty fighs['w L dats iy
25, 40C s O7O&AN diz yhHL,3( g dst Hets df)bupRtgls §ajlc OL 2 &
sCMdHdzr 2 Mdzs2 SCOLT 908l fsdzsydlsjdz’ detsj MdAZOL '™ 9 O
Mded 3 J dedw Istejded™ d dL detsmO.



60% Fe 48% Fe
30% O 39% O
05% Cr 08% C
04% C 04% Cr
01% Ni
0 65% Fe
ISC 1% O
12% O 10% C
03% Cr 05% Cr
02% Ni 02% Ni

CiCo25( Nft€d )o' MsCsls & j tOB ddsds Istcj dzd

U ndesdzsedwy Isjtediddud MEsets dzOf " dzj dzgdWw tsB dzZOH O
mMistsmis! , OHGjLdw d dedL SOV {fwtedmistsmis: . [ H dal
sirdzsdzsedd Isjtedddud MS sds Md@]", diudsdsy {Hes(fiplds s tsy dits
ftesdL o sHMBo Y sASBO Wstodtetso Odedw fsCter Isdw Isj
setOdzed yj dz©@ d B ydzs dps, (el MBHIgG S 1 dzj EZHB9
SftejHJdzdedz' = ftoddztsy jded? OVs BgdpisniseOtssMiftso J20F
sBr Yydzs o' MsC O, vyt ItejBljls Hf tsdddlsj d ds2 -
COyYyj Mo O o jtondesMmisd. uvjfdztser j dzOftewyjdedw, o
Bsclzls fsodzdvis: dO HO,so"dL GO ed Gdes 3O d d H
feddWiIsdy fetlse jlsMiselzs h dr dite Hdzw dr ¢ tsdzls tetsdzw

(2) vjrndsdzsedw dOL jods? tBtOBSISSd §tsoj ten dats

vindzsdzsedw dzOL jtedzes? i ORASI S fesjrddeimsdg j
@ZOY e Oy dzjtefdfijo do O N j jMw o §oMmdzjHdd] HiMYisddjlsd
dzOL § o7 Hdzw  Edkzyh jddvy e jtorndtsiisd Ol tedOdzO.
hisORftso WodwW jlsw BjlssHBR Isydts?2 tBteOBBISd d
9Cdzf OdzZOL j todetsj dzOf " dzjded j, dzOL jtedz 2 f jtoj §f dzOo
Colstster § Mz Ols yjdzvds 2ftesydej dedv, dBsHIW dRAYd R -



23

[ OL jtcdzOY ©BLOBSKSO SBEOHOjIs fjddkh j Mlse Odd
HsfMisdcOls! Issyds? cBOBslsCd o jwidsmisd " IsOdy
sBteOBBISCd dZOL jtesdz o MBC O, yYlsts § tsL 9 tsdzv jiste B jifis
TOL j odzs? GBROpEEMEL 2 dsCOd dshisd, f§LoSlkdy
qizd HjU¥BEBOYydd, yst fsLotsdvjlk MsitOdvls' ¢
sBBtczHso Odzdy HdzW dzOL jtodzs? BteOBSISE d sz HO
ddze j Msdyd?2 d L OOl dO wteBmMdiZEyde Odzdj . stisdyj
sBtOBBISSd d®Rjjls BSettOddyj Y 5 ©OLBjOR d %
dzi Y HAatSHWhdRBI HEZY d&OL jtodets?2 BteOB WISSC dd dad it
kOB se, {WWjiSkdodasmis! SBtcOBSEEd 201 jtesd By
Zx. qlifa@Bhto j d&zd zOL jtodezd L OCHOUE &zl 5 § tod dgtf lf) €
SBOLY' @ §odshyuokbs?  to@esedHoks?2 sjShMbkzets?
EilsOdzsmisder & ydSdses, dodsOydoddy | SBEOL Y' ¢
fs5 Mdz@s dzfn dzj 5B tc OB Hild Afrpliss?j diylissH dz) sfidstOdgBdis ©  H dats 2 s

| |
i a vb. o "’ e

Subsirat

 dMkdeB T sT j & Yydets S M U sdedc P d ded bl 1 BB ®@d ys$ 5 dzlz Y
BjlssHisd ZOL jEe&E2 f 0o S d

JZhadg H2 §fidzj Hise Odzd o dzdw dzd j o deslsdesisd | dz
sMlsOltsyds § dOftwy jddw d W¥OLts' 2 MshisOs Hrdj
(tedMmkdasS 1. 4) .



—— Lath

°

- %}‘? efde’ = martensite
© @ °

o, & .
A S e — Retained
B N AN austenite

°

M.,C (FCOM,C(HCP) o Ferrite

=0, ‘e, © . 1
¢ o (g 8 oFrecipitated EH AZ
I

carbide

o o o0 ° , i
o em wo ey S

{ Mk dzBE d L s 8 fls@z WOisminls O oH 1iPlspded] B tcOB SBYR 5d3 |

| ©Bd&OMlsd MG GfEtfiscClskicO (] Hils0s dzj ZO st
sisOlssydsy &3 Obfisj ddlssd d COEBEBOS PR Y td i iss iOds I
BOkls j dzdls, GhsOlssyds 2 Okfmisj ddls dHAZD s dL HIQd
GZiesd hses CtddyjfssO® § &OMisddyuoOksses &EOKlsj did
dzj tOMmlso tstej dzgdz" = S OteBdH SO . I MsOlsyde § dzOf tew y j d
zojddujdd) B3 §dsisdshisd { djtecdd /@&l j 3O MY O dzy dats
dzOf tewW y j dzed 4 sy 4 Is HusjiHsogtsdedse d W1 400CBL, j4te dzB 20 . d dzy J dzj te d
M HekedBBd LeOHdydBdede BB Isjrded S OB kY tetsydzj ded v,

LWWjiClkdoedatsfmls: | Mt Codes Bz Is ! L OlstcOlsT , sBdZOH O] Is
HiWtsted3dOyd] Izt ®dzg Bz g d3r @3 Hd O OL sdesd3 BB iGOB SISE d
zOL j todzts 2 sBtcOBSIsCd o1 hj, co¢ d LOtOIsT dzO

Slsdetsd s dz' dets dad 3 d -

(3) 10fdz09 €O

1 Of zOoE® tOmf tetsmistcOdsj dedzOW Isj ndesdzsadv o sMminls O
fsLosdzVjls otmMimisOdase dls fsotejyHjdedw dozd ko]
B34 sOdzdzd yj MEtsets BOISJ ted OdZzO dzO f 59 § torn datfifiplO ta ¢ d BAZOW!
H Mimisswdzdw f dzOodzj dzdvw, O L Olsj d3 dzOdesmwils dz0 ¢ ts



25

tcydes? HEZetsos?2 MoaOKEd, MoOkSd o Mid6J 2 BD dlsde -

10§ z09 C O disydls 1+ WWjClsdodes otsfmMmlsOdzOo dzd o Ols*
fsojterndzsMmisd, ftesHdzj o OV Mes¢ Mmdzzysr . 18 MteOoc
ZzOf &zOo C O wWodzw jlsfqw 1 CsdesdBdyJ MSd o' ¢ SH dz'teds H § OB 8
LOtOl 5 MtcOodzj dzd¥ fp L OBy dets?2. stetsdzdy btses, s,

wtstecdz d tcOL d3j tetso SBdZOHOjIs o' MsCts?2 6dBSCtsMmis &
ftesyd My dzOf d&zOo € d, 9" L" 90jIls &YHedsGayd d)s s 9 dzgh s% H
Mots2Mlsoa® BOLjtedOdZO o yjdzsd3. RLEHPAEZEY § &O§ ¢ @6
stciBlzZils fteddaWilsdw Bjte HAzW MmMdedyJ dedw tedMC O HJWBSE
sO¢dy C0¢C fstr, §doEkefdj, o Qdsybkey yolsj dz dzs Mm¢
@O dzOo dzj dzdlats G ts L H j dzq W .

Wandg H@E My sdz' L so Odzd BJ IsSSSAWHIEY ¢ tipss 24 Ofigad @ te SdgO ff (dzC
o sfyMmls Odzts o dAj1dE WL GridsjQigzff tstso j dzd ®lsy de fted Isj di3f § 6Ol
sjyjdedj 2 yYyoOfmse. RrRMMdzjHBsoOdzdj 5 0OL Ocztz, tSBAOL L
fsfpdzy BlsydeO ftd 350 , kdjdy "ddzsf! Csdzduyd Mise
d dLdshtshiss?2 ¢ shls! ofmMdzj HMmlsedj or"HjdzjdedVw olststcd
ftesdL shdzs dLd3j dzr yjdedd MbtckzClskztcdz, m shEBE S Bz j 1
L dOudlsj d dzsdsz ko j dzd yd ded®¥ RS teslse jteHtsMisd, dL das

(4) mEEESRE Y] MSOY SBEOBISCO

md BEE ez Yj S OY BBEOBBISSO (muf) hdessSts fwdc
hlsORf 59 CEBteW YjCEts HjWstthkdieses Oddw. [ d&z0 &Sy jls
Eiss2ydotsmls: ¢ bEfsOdshisd d Sdndj dds §tod ¢
dzj sMirsicdiiej d Bzh j o O, ¢ OC wldsmdlsj d' dzs dedL § C
hdes¢d?2 MfjSlte ftoddsj dagj dedvw . 1 8 MicOodzj dzedé M H G
dzj BewOdd U dO c¢jdibedud M- dBd 28QL BPBOGRd J Md



26

—
(@)

/
|

[S—Y
[\
T T

o0
T T

@)

Impact toughness (J /crnz)
=)

4 1 1 1 1 1
As-welded 350 450 550 650

Tempering temperature ('C)
{ M zEOH O &OW oW LRgsffls ' i) MEOfaczOpted tOL dzd Y e 236 |Is

W A dBj desoOydw

Kl a3 deld@Odps™ ftetsyj M ftseo jter desMmisdesets dzOMmr h j dzd v
tcOL dzd ydz dizd MY sy ez O BWOL dzr d3. dOd3r 2 wOff
fsijh jdzedj LOcsksoCd o Oldsmijtelz, MtH]tey OHiss
o’ M2 IsjdfjOlksr . ujdfjwOzicO Cuyjsds)l@BsB0tEl] d
SBEOBBISd dBsyjlk MsMmisOo dvis: dzj M SdB.Cs yOmtse o

md BFIE jstedzd yj M OV BKOBBISSO hlsORYf s cEsteWw yj et
Fojdzdydls! e jtoHtsMmis: e jtorndetsisd, MHJj &zOI: | J
ftesHdzj o 0jls toj Mztef) @ Ae0slstsOLh. s Ol isdzj oy j2d3j dzls'Oy d
fsHO jtocdzzlsO MfklsMmlsaksh j2 L OSO&S,) dajftsmicjH
fsfdzjHkeh j2 LOSCO®RS) f GlHjd dscts d&Octjos0O d
o' MsC ks Ilso jtentsMmis! (o jtendtsMmisd d BBJjMYfjuyudkts ts
CteW yjets HjWBStdRdJtetseo Odzgdw WwWodzw jIsfpw fdztsy dz" d3 1 |
sBitckzH ts9 Oded v, O sOCY] orMsitCoaOddW dydtetse Odzadz
fesyi MmO, It otejd" vyjdjdsoydd d MmdzjHks " jGisiL
Hy WstedsOydd ddzd Istej hddzr, tmtse jdedets fted Isj tedststss



27

HjlsOdzj 2, vylsts lstejBljls HEGY Gdddesl.d 3d2]r &jt §tjH

Chedn HtB.FMMdzj Hso Odzd o L Btsy dats Mls ¢ o j dzd yJ dedw
COMY dzOo dzj dzdzs G ts Ozt B dzd™ ftod Ysdi3sh d X dHS SMIs dat
ulsts ddlstetsyj i3j dEstse Ocdzgdz' 2 Mzs?2 Msmistsdls dL L sd
COC fc&k@LOddszdzCj 1. 6.

olten FeAls
aluminu
- -

(d) LNC Molten aluminum
Oxide Iayer Com ound Aluminum rich Iayer

Transmon -

t Mz dzs€ N JBOIsduj MSts] dLBEOY jddj kdazyh jddw bf
cOMY dzOo dzj dedzs e s Odzs B ded W  sMdzj Y JHSBMisdasy 3] Is

Y oLtslsdtetse Odzd j

lteddzydy OLBldtseo Odzdw L OC dzs YO, jsfpw o bisd, yls
OBBJOCO fHtod o' MsCt?2 Isj B jteOlskztej, vyt §L o sdv
lted G®ftejHjdzjdd o Ikj&fjtcOlskztedsr = d otej o&3j dzda’ A
CtedmlsOdzadzd yj MS ks MbstekSlskztek MlsOdd, GBLOLEW {§t

tcOfmMsoa st OLBISO o Y jdzjLj, vybts LdzOydlsj dz’ des ff sor
Mss2Ctmis: (ol BLldsmisd fMisOdd

bLslsdteseo Odedy OS Y4 MyfsmMseMmisekzjls kEdizyh j dds
Mtes¢ Mz Br o EMdztedwas yYydSédzduyd Médr dOctolzL ¢,
s MOodzj dzd® M yJj Bj dzsOydJj?2, GBBtlzH o Odzd fizj i
Hstesedd3d, §silssdBz L OlsttOlsr dzO OL slsdtetso Odzdj o
WodWw jlsfpw Bfsdzj § Mmdztsyde" &3 d bktejelzjls Btsdzj §j Mistesa
OsdismM¥ jteO d otejdw, O IsOCyJ BBd35]o M2 Co 0



28

Wang HS.Gltse jdd fsyjmhn OLkdEsCOde,figd Ok
Isd ud decby WOMBse . o kojddydddid oted i3i dzad §tetsyd M
tojdzdudeOddfm' . wds?2 fswedd slsdduydzs dLdkdshs
o' Ms@GELlzZL SOF jcots Mots2MboO L dzOydlsj dz dzgs EZokHh

160 o 100N /T
140~ © 300N 3

120k --n- : \
100

80 | - :

T
—o—
-

I
!
1
I
I
I
!
I
!
I
I
I
O

-
o

20

T &L ¥

Weignt loss (mg)

T
I
1
1
|
—a—

10

T
il

0 1 1
0.18 0.88 2.80

Nitrogen potential (atm™?)

tdimzdtick, 6d § @dn@GON s dttso Oddf SEOEE@L0OWsg d 3

gy sOteBdHdttse Odzd j

sOBdH' jtej ntsHdz RTid] Is\Qdzdrw,, ts BlAGEHITY IS¢ GF MEE 52
or MsCts?2 Isj B j cOkztes? f dzOodzj dzdv d tslsdzd ydets?2 1
ftsorh jdgdvw MesCO Mmdzzy BT tcOL dzd ydzr = H J IstOMIRH j didt
sdatso desds ftcdotsHdls ¢ tBtOLBo Odads ff dztslsdetsets € to
Cdzj d3d dals' , sBteOL ks dj GCOteBdHT , tcj Ocdolze s M [z
fJtejHdzj Bz CtOs fsCterilsdw, or L' o0Owv dzitfnis Pdids dzlLsc
MlsOdzgso wismw Istsdzh j. woewL! d&iyHE §8CErisdjd d B
ftedHOjls jBEz or MsCkzy { BIAdsS Pls ‘O.dzdR M ydeisH HdsBdzdg Vs Iz te
LOodMmdls ks MMis0s O thdse dascts &3Ol ted OkO, §tod ¢
O bjrdzsdzsadY SCOL" 90jlIs dgj L dzOydlsj dz' detsjy otSLHJ2M

Ol i v i @R dzj Hiso Odzd 1§ 5o j W Tdz® fn s te®Fg d B o o1 g |
92 06ACls § Ui dzdig d M dallo.ffis



29

4 —{F=—Uncoated AISIHI3 l
60+ =—s—lonitrided AISIHI3
1 —®—NbC coated AISI HI3 3
504 —*—NbC coated AISI M2

1

A
= 40
e 4
=
£ 304
2
= 204
5 ”
- "._—.———‘_'-‘1-‘
= e
0
l __._-——'H/
0 —a———h—
-
v ] 1 . 1 v l v | v I
0 50 100 150 200 250 300

Sliding distance, m

{ dMizdes 6 cif 28 § (L datsf$id IMEOdzPL dzd ydz' BP § 5C 6" |

] dzOyOdz! des? MisOHdd tsMlsO fsCterisdw Btsdzjj o' f
qdals j dzeffdodetsjy HgWWEkLdE, vyt ko jddydeOjl f dtslsdssf
Isj &3 d3j dz' y4 ®BEOLEZENMNdj MW L jtedzO. wtcjd3Sded,?2 dcOa d3ff |
fedmizismisoakze s wWOL deststed j @b o tedfs o QR 14 d d3j dzf dAfR izgze o
Vstedsdtetso Oded W dzO HEBGER dedAjlisd d js Odzd ¢ Otc B Gi, 59 D fitf G,
stsdzh d 20 sz yJ dzdese s f sCter sdw HiYs BB Of d29 Pls O Gzts d3626
fted dmyrisOddd dL dshshe? CHigldd sfep dafdls dv zd j dgd lst
fsfisd fjdedets ZojdzdydeOjlsmw, fteduid3 qL dseshss2 ¢t
flstidBtcj o' N Ojls L desisMss2CsMis! OLldtess Oddetsc ts
sfdzso r .

Y 1 sstedtetse Odzed j

I stdteso Odzdj MytsMmsedats 1 WWjSlsdodss kdzzyh dls:
B sOdzdzso d dr Mf &zOetse. 1 tetsyj M Bstodtotso Odad W ¢
Mci HOR. uUj B jtcOkEztcO Bttditso OddC O ssBi jydgs Hiistids©
1 Hts 1¢Mo4ybmMde AntsHy Mmuf, Oltsdy¥ BStcO HIWWEkdHJtG
OstsBOBI N JjdziLO d tBttOLEks IS d&O o jtorndtsMmisd or fr
ftesydesmils! ¥ . [ B'" ydzes B StcH e BT3B, i dEsRRZGHEGNIHSS d 8s s dbjL



30

ko jteHtsMis: ¢  f tetsydstFigBsdzets o dsj Jnles Om 8zl g s dzdi S 26
MstezC szt O Igekls] teindasih @2 e jMfjudoaOjls Bdij Md
stcOHdydsdede” d3d yj B dzlsOydi?2 d OLtslbdse Odedj o3,
o MsCddd Iseo jtensfis! v d dzyh ddd " 0wLOCISjtedmisdS (
du 0 jets Isfis@y dzvdefs 52 Msdismisd, fooshssls’
ftojotsmMatsHdy » Mots2Mlses BtdHM 7 ¢t lSER0dzd W dap
Hdzw hlsOBfser a MlsOdzj?2 eoffj jhj jMmis! fsedz dr
B5CMdHOYd sdedzOw fists?2 CsMls ftod o' MsC?2 Isj B3 jt
sjrndduiMSdy dwjlssHT Hdv tjhjddw 1Idr ftsgdy
fdtemyfjCilsder o ftod ks dzj fAife].¢ M lsOBY so " d3 Mls Odz¥ 3
Yang Hfcd d MY sdz' L isd DAL  tededetisjy dzi dzd jH 1 3y Gsdsdh
O totsH d dzOBd Yj NS S EUEs, BB H HpA H(OIs! dzO0 f o j ton desfils d
lZlsjd HoakMisOHd2 &zse s B Kt 56 MOZAIE] Wjtad] jls j20d31ujBdaes
= 850DALCjyjdedj 8 yYyomses EkZHOdsMm!' §tdzydls: Idhd
Mded ¥ j dzd¥ Ci1WWdydjdasO dL dzsMO dz@ 41% ( fpd3. t M
4.0

3.5} 3.42

3.0
2.5
2.0
1.5

1.0

Wear rate [10'13m3(N-m)'1]

0.5

0.0

A B C
tdmMz S s1 W8 dydj dzls d L dets HIO3 tscp toeOts tmdste s dn@Gddhizd-~ s



31

Er paond W[t d MY 5dz LdsafAsded
SBOL 59 Odzed®¥ BStedH et My WOlsd jsta i lEGdEzts s d o G
Mo teslsdo dzv j d3sMmis+ 8 L desmlz. 1 yJ dzts s, i tod d3j daj dzd
tejhjdedj ftetsBdzj d@3 dedL Sts2 Iso jtoHisMIsd d dzj HisflsOlst
i zOe O3 d MbsOdY B3 ¢ sMmdzj B YdsD ) 5j ez uj M 52

hBsGtaHGlzw B St totso Odzd v

2500 ——1
_._2
—0—3
2000 - ——4
\ _._5
/\;- —0—6
£ 1500- ——7
S
5 — 9
S 10004
o
ks, 1
: \
500 -
0 | v 1 v | v | v | » | v I
20 40 60 80 100 120 140

Distance from surface (um)
t dfkzdztsiCt AMYLOj Hj dzj dzd j Iso j toH tsfylsidl 3p ttftetafoh ciEs@L stz
sj B j eOktcOR d ftosHIHIs] &z detsflsw 5 ¢
1.2. vjndsezsecdd Bttdiese Oddw dj Is O dzdzt
1. 2s.d@mmdW¥W S Oydqwy dod3j stsHtse BBtcdteso Odad W

s ZOfMMd¥ S OydY &jlssHtss BotedtEGOdd9] § 5COL OdzO



32

TazoBas cmecy BCl;+H» B
KaueCTBE CPEIbI

I'azosas ¢cmece BoH,+H> B

I'azoBoe
KauecTBe cpeJibl

Honnoe 6opuposanue ¢ BoHy
B KauecTBe cpe/ibl

Dopmyna coIeBOH BaHHEI U3
oypsl 1 SiC

ﬂ DAexkTponaus |
Qopmyia i BaHH ¢
HeHTpalbHON conbio U Bypoit

bopuposanus - >{ KuaxocrHoe }— @opmyna ¢ SiC B kauecTBe

BOCCTAHOBHTCIA

dopmyia ¢ Al B kauectse

ﬂ CcoJissHasl BaHHa ™
BOCCTAHOBHTEJS

» JlpyTHe (GopMYITBI COIEBBIX
BarH

®opmyna ¢ B4,C B kauecTre
MCTOUHUKA Dopa

MOPOLIKOBBIH | |
MeTON @opMyJbl ¢ heppobopoM B

KayeCcTBe UCTOYHHKA Bopa
—  Teépaoe

—> Harpes anekrponeyn ‘

>
‘ NacThbl

_» MHayKIMOHHBII HarpeB |

t d ik detsiCs QG Y S OydY o3jlssHBe BBEdEts

(1) 1 O0OLtsots] BBtodtetse Oded 4§

] OLtsots] BBttdeseoOdzdy OdOZsBEedydzets G OL s ts2  YJ «
f sHOYd BtstesMtsH jtey O jets cOL O, t©OLBO9 dzj degdetse s o
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Vst teso Odzdj BottdHdses Mdasw. 1td {Issd o fMmddk
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LOElssaCd o COydmkseol COLBHO o wWOMYf kO BEREK" (
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fHgdzi uyicect Ctdsj2djtce cjtedBilsdLdekzjlsmw  ftsHo
MtcOoadzgj dzd® M cOLBo" B d YJHSCESMIsde d3, Iso jtecHis] Bt
fsmdzj §stesh (tsotets BBttdtetseo OddW o Bisdz h  dafplsaj
dzdo j zdtectso Odzdw {Istsets dzj HEMISOISCO B dz tcOL OB TS
Il stedtcso Odzdd o tBABRBOLSEOR L OSdzs yojlsmw o dzOdzj M
ftso jton detsfls HJ lsOdzd , LOIj &3 dOdesmdlsmw L Oh dIs dzts
B ydzzse CORj tedzze f J y! . Cltsls dBjIstsH OS] dd3d
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ftejHEBSo 6O j dzdw MY jCOddw dzOfr h @6 h g5 Mmdgj M2, -
d foddgskkz t©jotyd2 &jjyHk Stdifsdjdsokd doOfn
ZOf sczdzd s j dz2v 8] wodzws kMW S OwBdH Ctoj Bdedw d OF
5B M judg @y Odedly &OMr hOsh j2  ©BKROLSH O dzOf
gMftsd Likjd &g MowLkshdgdd wedwe kW vyj ddz dzsL O

Il dOfmisswh jj otejdw Bd hddhssts dOMrh Osh o
(B)SOdd? B GECHpGedOLydH SU@) kGagyj fiflse j shdss dz
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KBF,=BF, - +KF (1.1)
B,C+2KF+SiC+4Q § B +BF~ +B Q +2CO+K Si¢ (1.2)
2B,C+2BF, +5Q = B +3BF~ +2B Q +2CO- (1.3)
4BF, +3SiC+4Q =2BF~ +B Q +3CO +SiD +25 (1.4)
3BR=[H +2BE- (15)

4B,0,+6SIC+6BE =1{l B +3BF~ +3SiD +3SjF +6CC (1.6)

Jcoyjmboj Ctditsd disse dOfr M Osh j2 MejHr o d
(BiC), COdkdjor 2 KBt Bblsdad s o@ dzdz’ 8] didsaswizif'ls, ( 6]
L dzj) 3 @B0s, Cslsster j BT dzd fMkjh Oder o ©ftejHj dzj dede -

1. 2.j2n.0dedL o5 Wstedsdtetso OdzdY  HIdWWEL dtsdzdz" 2 §f ety
ltesyd M Bstedtese Odzad W BBy dzs 6t OMMd3OIstcd o Ols !
o Cdzt yos hdn 9L OddsHj2fMlsad] d&Bj yHE Ctsdif sdzj dzls ©dzd
Btste®, HdWWEkLdr OCIsdodzr » Olstsdiiseo BBKLO, BBtLOL SO
Mzciuyudi® HIWW¥EZLdd BBKO o dz®58. dzOMr M Oj BIBS2 H J IsC
(1) rdWW¥EzLrdw BB®KO dL t©jOcjdstseo o s ten dztsfy
RL dzZOyOdz! des dMmfmdzj Hiso Olsj dzd d3j -~ OdedL BO W sted3d ts
tcjLizdz sOIs WdLdyui MEés?2 HWWELdd BBSKO o Mmdselkz.
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Bstc®, fttd Cobttts? GBLOLEZSkMY OCkdodr j Obktd
BOIs jted Odzsds o dad ¥ tg I & P ff edz' s Fn Oded L d53 HIW W ZL

(2) Abted3dteso Odzdj BtcdHie dzO ftso jten dztsfisd s

dSIsdode j Olstsds’ BstcO® ftosddCOsls o dBOIsjted Oc
1 OftcQodzj dedj twtsMisO L OsH" M j2 daj WdSMmdtetse Odets
dzts ® HOdz dgj2h jd5, 5 Bjtej ttsMlsO L OBHT h O, dz
Ctoedomizsc e OW d yd MEs2 f dzsmitsmisd <002> BtOL s M (
otcjdi3dddd o' HjteySd d fwsorhjdedjds Isj B3 j eOlskzter L C
df Ctoddujmlsets HBMiSdEOjls GftjHjdj dds? {§d&slsdt
Mls@® dlz" 2 MY dztsh dzts? BB HAE 2 Mdzs2.

(3) (6fls BstedHdsct fndsw

10fMrhojdsr 2 BOIjtedOdz, &BjlstsH' Bstedtetso Odedw
Btsdz hts) LdzOyjdedj H&W tosMlsO Mdtsw Bstdtetss Odzd W .
Mzsw dL g dgv j sy o L OadmdBsMmisd ®©ls Isj i3 j tOIsk
Zojdduydddid IsjBfjtcOlskzt’ Btsted totso Odzd W fsorhcC
dzOfmr h O " j2 MejHr Yt fodsydlsj d ds C(sttej dzdtelz |
esfls® BtedHdsEes Misy s steydsdzOd dzO0 o tcj d3j dz
o' Hid Bt MIis! sMisO Mdsw Btttdtess Odzdw MdzOyYOd
MlsOBddzdL Jtelzj Ismw .

t dikdese 1.12 fHejumsOodvjlk M2 MAj BOldyy
BstedHdGsets MdsY, Cobter 2 o i dpSh6ds sy fz20EDE20d € &
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fsCOL Odets Mistej d&ZC OB 2O tedfmbkzdeSjy 1.12 (0O). ) Otst
fitefjdHdCEdzvtcdzsd3 s jtoen detsfylsd jttiy ddis odsd,,  fifusdij£@
MsOdzC do O Isqw ) Htekzeddd HJ2Mise dlsj dz' dz' dEidte dvimcdd=
1.12 (8B). s 0¢ f sf20Le0dzts LoEbe tsted ) K dzSBits teld . HIS 9 tc C
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fso jtorndzsMmisd thdeser d §OttOdzdzj dz! dzts dzOf tc O9o dzj dac
MudOslsmw Hj2Mlsoadlsj d dr B, OS CO¢ tdzd BEE L
BjL MissdC dtso jdzd2. Slkts fLotdvjls di Wstehdss
SBEOL YyO. sOSC § 6 0(OMs 20t dudizASidke? 1dijjlks Isd
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(1) uwltkChiztc® Mosw BtdHO

10 tdfmkzdz¢j 1. 13 ftoj HiMlsOo dzj FaB [6ROR tsaf @& Hsdl @At
Bstedtetso Odzd™ tlIs 800 HB 10090( Ok fipls FigddEse) § f te 18 8 @ |
f dzsnits tOfMmlsoditodigcas WAL} O, 008%), §ilkssdkz §td
B Mistets dzOMr h O Is OkMmisj dzdls dF eBizj dijteicddz] wiasdipls QB !
otcj d3j dzd BBttdtetseo Odzdv d { t5dBlsEsdE GL Ay a3 FoQdekj dzjods
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Mots2Mlsea ®© MowL Odzer ) tBOLBOoOdzdj &3 BBtcdHtSe ¥ j dzj
ftcdojHjdzr WdLdud mMSdJ Moo 06 + sdr Heoka MBJH
s OB dzd2yOdddyj MSdj Meots2MmskedB Hokzr MmMtsjH

stsLWwdy
. vidfjte() smissw] 1 dH .
1 0OLoO|stedMmlsOdzdz V dztsls dzl dzd dzj 2 dz ) o o jtoH
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(3) uwos2Mlso® BstedHdSEts MAzsw dO MisOdv
vlsOdzz fsmdz Bttdss Oddw fHoswedvjls Mo s2ANBRO,
(1) RL ANl Y JEfflgdds Istejddv d Ise jtHtsMIis!
sBiMfjudoOjl tlddydzt dJLdshshss2Csmls: . 1 it
Bstcdtetso OdzdwV ko jdzdydoe O lsfqw, ylts o ftej H | dzj dzdzt
stcj hddz o B Sl HAdEE Mdsj
(2) Mmic ztffistsifjls ' sBtcOBsIsCd Btodtotseo Oded J @3 d3j Is O dzc
Iso j H ™ o3d, dzs d Bdzjd ekt ¢ ddd. Clsts MewL Odzts
Mo ts2 MmMiseo OF e B3 Broz B stcd H detsd3 Mdzts j Yylsts By dls f toc
Slsmdztsj dedé §ted of MsCdr ROcwE. COr dd o MsSCdn Isj
(3) utftsldo difddzddugnsiddid L Hj ddY fshdj st
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1. BdesetsC sl sdzj dzlsdetsj dzOfmr h jdzdj BBtetsdy Miso d3d
1.3.1. stdifdj Shdets] d&zOMr h jdzdj BGWsd Mise d3j Mis dzs
vy Ofists dMmf tsdz QLtdfidglzjjS Meztize 5 ddets ¢ 5 € s 3 15 dzj dzls dzts @
toj HOBSL j d3j dzt dzr R 1 dzj 3 dzls 0oe 4, S oy QU Hs ez Ao Isnefeo dugj ta
(NdOs) , rfdztsted@e eU[j @ K IsOBdzdyj 1 .t3ndzib® §izn fiyls Godck:
Mo ts2 Mlse O COYHSE TS fMtsd Hddzj dzd v, dmf sdz' L 2] st
Mso B Misdetse s dzOMr " jdzdv ) B Steisd.

vsOBddYyoO 1.3 mddduyd MS¢dd MmMetsAIMlse ©® BN dnA

Il duiMsj Hdd ef st detsls: ¢ d§f OMmlso sted di3ts| { OMlso sted d3ts s
CeQ g d dz2 dzOw 1JtcOMmMlso sty [ OdzstcOMmilsoe s
LaxOs g d dz2 dzOw [ OzsteOfMmlso [ eS8 tOMmlsg
Nd20s g ddz2 dzOw 1 jteOMlsatsty [ jeCt5 tOMmlsg
CeCt g d dz2 dzOw [ JECB5 tcOMml t Ofmlse st d d3

tdHEBL jd3gj dz! dg" j +dzj 3 dzs™ Bselzls EZmMEstdls: HJf
fsor Mdls! OHMtsteBYydE OCIkdodsy = Obtsd@isces BtStO dzO
Ostsdiise BBKO o @Bs7ty] d&3OIs | ted O dzO

tdHSBL j dgj dz8 dzr § 1 dzj d3d dalsT tsB dzZOH O Is Btsdzt h ts2
BMXZOGBSHOKLY daj MCBdi3 J demd tetse Odzdz" d3 { dzf, ¢ IspléstsizO g M1
d@3dud MEdd3 t©Jj OCyYydqw . | BBOSBAZjdedd 6 HEBL J BB dz
Bstcdtoctso Odzgdw EMEtew jIs twOMf OH Cfi3f sdzj dzlstse  dzOfr
Bste®, d keojddydeOw dr Ctdzyd dzstcOydg®ls | Bz M ¢ s
tcOfMmY OH BtstcfftsH j toy Oh d A ClRf sdzd dzlsts o dzOfmr h O h j
Ldzj ChtestslstedyOlsj dz detsfylsd toj HOSL j oBj dzd dzr 7 4 dzj &
fsdzsydlsjd d' | ddyr tjHSEL j dj dz d B E 4 dzjL djn caldrdse
CdMmdstBEy dusts Mismsemsokjls SB©OL o Odzd® BSdz

mdadyj M ow ftetsydetsmls MewL j2 tjHSBL J dgj dz¥ dz
ftoedds MW ddd dzO@ S0 jtorn desflsd BBLOL yo. stotsdzi Istsct
osMmMmisOdztso dlIsj dz' dz" s HJ 2Mise d 4 ds, Yylsts fLotsdzvjls
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fsojtendsiisd, wsydhrov Jj d tBjMmfjudsow dkzyh
tJ HOCBL J BB dz' dg" = L dzj 3 dzlstse  dzO ftseo jterdzgsisd tsB
OCIdods J OHMmMBteByYydBsdedz j yJjdaster o BICHIW]SCIS
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ZOYd dzOs Is HdWWEZdsHJtetse Ols! o dazlstc! BBOL YO, O dzf
OClsdods § yjdelster, B MfJyde OV B OdzOdzM.

b Issd3 BstcO dd3jsls dBBOdz 2 cOLBjts (0, 117 dz
Cted s Odzdzd yj MEts2 tjhjlsCd Okfmijddls®. sBEHO (BC
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sBteOLEZs N jes BtocdHdz 2 Mmdzs?2. lted o' MsC 2 Ctsday
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MewLd d3j Y HEB DistsdzO 3dzOf tcOo dzj dgd W € ted M ls O dzdzts[c 6O
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HgOCOdRE] | djSkiodadzs?  deslsdzsflsd fMmowe j2 (todml
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PaccTosiHMe OT MOBEPXHOCTH (MKM)
tdmMzdE € OMY & HJj dzj ded | WHOIBHAsSE SE BRI dzj (2ls dzsc s
mMAztfcd ©OL dzd ydets GOl tsH § oy Oded d

4. 103 jL gV BosesCdRy sdzj desde @ HAWWEkL disdzdy 7 ) dzt
10 tedmizdeSy 4.7 fsCOLOdr Wsttdd¥ ROLOCIS] tedz A
sftejHjdzjddd ko jteHsMmMisd 5 (Cojddaz §td @0dzdy

RL twdmkzdzS O o dH dzts, ylsts ftcd d&Octekzr¢j 150 ¢C¢
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HOWWEL dsdgdese s fMmdzsw . 1 ted {Istsdz tslsCtsdzseh d2 mw  fd
yd &3 2 tsBttOL Yo 4, vyl MmModuHjljd Mlselzjls t dzkzyhJ
d 3. oHEjLdY  RkkzfStsmis! BsSEdHdscts REBEFe,B sy
LIssds ntcEBCdsArdsB B Z dztse dzj dzO dzj e Oo detsd3j tode” d3 6 OMY t
mMowL j2 d BBdzj 4 MdzOB '™ d3dB-Bfipe W dz®@ ffoi3e © odglg j jaadia]] [Giss

sftejH)dzf dzdzse s Ctsdzd yd Mlso © RtesdzO + W W j B-B,d o lrfists jit
Mo wR-Bf ylsts ftedoasHdls ¢ Mmdedyjded® rtelzf CsMmisd CB st
ftocijfwisfMsokjls tsMmisk BttedHdsets MmMdhaztsw. 1 tsiCls@GBdlz
Cdzd UjNsBiHAW WL dsdzdy 2 Bizs e s5C 5wy sdzj dzgls dzr 2 fydzts

s S

{ Mz e By Bdscdy lsfj yOkSse 6 { 8Coj ddk d&O
@OMr h Os h jOOM@Y Hl %, (B) 2 %, (8) 3 9
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4. s Csmis! B odR sdaj dzsdz’ 7 HW WL  sdzdzr 7
fsorh jdadz' & Isj B jteOlsktcOR

t dmMkzde9d 10. FsCOL" 908 s MEstesMmis! CdMmdzj dedv d d
LOL dzd Ydets 3 MtsH j oy Ocdzd G108 @' M GO D difsO id®] te d iz dzg
sj kB j cOISEtejs j8Q 0] 6 YOmMse MCttesfls! ¢dMdj ddw
4 % o CiP@fEslsOo ddz0 0, 40, 2MsBEp i BEMBS j dzdas, 3 5 ke k1
fitsH j oy Odgls 2 HtS 3 % RisectStsdftsdzj dzsdzr 2 B ste
Emlss?2 udoesfmis: ¥ ¢ ¢ dmdzj dzd® s @Ste df ¢ O tEdefs:  dsQ d3y ¢ fi
sChdHdsets Mosw o Yjls'tejs ctokzffOf BOLYsse 0
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tdmzdz8 & S BtcB®Mis' Gz &) 2§ dadff s dzj dzls dzts 6 5 fHejdW WidzQ L ddix]dz
MtsH § 6XCAOzdagOMm" h O h j 2 § OfMmlsj
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ToamuHa OKCHAHOTO ¢J10M (MKM)
D
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t dMe o sdh §d20 SCMdHdEsets Mty ddasce s sif sdzj d
tcOL dzd ydzesd3z MBsH § oy Odzd C O3 dzOfmr h O h j 2
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RL tedfkzdsS O 4.10 odHdets, vybkts Mot ¢ dMdzO Mdd
[HAZOSCts & MOBA BtSidHdsHE Mdds] dO tBttOL YyoOa 1
ftedujds Stej " ddz®@ o GeEOLY) 4 fsoisHddid. ssd yd

t d Mk dzsi®) Y. jld) ydzOv dBsW sksedy BChHdHdses fMd
dzOfr h O h Q0 OHB®)Y) 1%, (B) 2%; (9) 3%

[ dzv HOdz! dzgj 2h jets OdzgOdzdL O o dzd W dzdC dzQc § R & B gzgh,
Bstcdtectso Odzdj B' dz fteso jHjdz MteOodzdlIsj dz dzr 2 1+ Sy |
(BB wBl)j,y Btedese Odzd j B ,y Jde dijeigzy(drjstdfaietijy B Stedtots
(sBtc@@3) \ ] s OB dzd y 4 4. 2 ftedoJHJ dg ~dd&3d yud m¢<
orhjEzCoOL Odgdletsets 1+ Syt jtod d3j dzals O.

vOBddYO 4.2. mdidyuimSd?2 mMsfksOs dOM

[B©BOL| KBF C B.C CeO | Ci0s ) j dzls s d
B1 5 %| 10 9 70 %| & 3 dowL ke
B2 5 %| 10 9 70 %| 4 % 3 dowL ke
B3 5 %| 10 9 70 %| 4 %| 2 % | wewL ks

































































































































































































































































































