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Beepenne

[TpoMblIlIeHHas: 3aMTOPHO-PETyIMpPYIoNIas apMaTypa siB-
JIIETCST OMHMM M3 CaMbIX MAaCCOBBIX BUIOB TEXHOJIOTUUECKOTO
000pyIOBaHMSI, IPUMEHSIEMOTO MPAKTUUECKN BO BCEX OTpac-
JISIX TIPOMBILICHHOCTH, MIO3TOMY MOBBIIIEHNE €€ KOHKYPEH-
TOCITOCOOHOCTH M HAJIESKHOCTH SIBJISIETCS aKTYaJIbHOM 3a1aveii.

TpanguiMoHHOE KOHCTPYMpPOBAHME JeTajeil TpyOompo-
BOJHOI apMaTypbl BKJIIOYAeT: BbIOOp MaTepuaia, ompene-
JICHHEe TEOMETPUUECKMX IapaMeTpoB (B BUIE pa3MepoB,
JIOMYCTUMbIX OTKJIOHEHWI Ha pa3Mepbl, MapaMeTPOB IIEPO-
XOBaTOCTH), YY€T TEXHOJOTMYECKUX orepauuii o0paboTKu
(MexaHuyYecKasi, TepMUyecKasi, abpasuBHas, B OTHEIbHBIX
cIyyasix — XMMUKO-TepMuiecKasi 00paboTKa, HaIlaBKa WiIu
HarnbUIEHWE M3HOCOCTOMKUMHU W aHTU(PUKIIMOHHBIMU Ma-
TepuajaMu ¢ TOCeayroleli abpasuBHOil o0padboTkoit). Ha
OCHOBAHUU YepTeXa KOHTPOJIMPYEMBIMU IMMapamMeTpamu Ie-
Tajieil TpyOONpPOBOIHON apMaTyphl SIBJISIIOTCSI UX T€OMETPU-
YecKMe pa3Mephl, IIEPOXOBATOCTb TOBEPXHOCTU U TBEPAOCTb.

Crenyer nmpu3HATh, YTO HMMEIONIMECS pe3epBbl IOBBIIIECHIS
W3HOCOCTOIKOCTH JIeTajiell TPyOONpPOBOIHOI apMaTYphl C TOYKH
3peHHs CBOCTB NMPUMEHAEMbIX MATEPHAJIOB H M3BECTHBIX TEXHO-
JIOTHiA MX M3TOTOBJIEHHS MPAKTHYECKH MOJHOCTbIO MCYEPHAHBI.

CyliecTByOIIMEe TEXHOJOTMU TOBBIIIEHUST JOJrOBeY-
HOCTM TPyOONPOBOAHOM apMaTyphl (Hampumep, HaIlJaBKa
XPOMHMCTBIX CTajieil, KOOAJBTOBBIX CIIABOB) MMEIOT HEIO-
CTaTKU, CBSI3aHHbBIE C MCITOJIb30BAaHUEM BbICOKOTEMITEpaTyp-
HbIX MCTOYHUKOB Harpesa. IlpemBapuTelbHBIN MOAOIPEB,
CBAapOYHBI HAarpeB, IMOCICAYIOIIEe OXJIAXKICHUE, 3HAUM-
TeJbHOE TIepeMellIMBaHe ¢ OCHOBHBIM METAIJIOM HACTOJIb-
KO MU3MEHSIOT CTPYKTYPY M CBOMCTBA MCXOMHOTO MaTepuaa
B 30HE pacCIIaBJICHUS M OKOJIOIIOBHOM 30HE, YTO MOJYIUTh
Ka4yeCTBEHHYI0 HarulaBKy 0e3 Je(eKTOB C HeoOXOIUMbIM
YPOBHEM CBOMCTB OKa3bIBA€TCS BEeCbMa 3aTPyIHUTEIbHO.
Oco0eHHO 3TO yCcyryousgeTcsl IIpy HarulaBKe JeTajieil CIIoXK-
HBIX (DOPM, UMEIOLIMX HEOJMHAKOBOE CEUEHUE B PA3IMUHbBIX
yactax. I1pu Mcmnonb3oBaHUM B Ka4eCTBE OCHOBHOIO Mate-
puaa XpOMUCTBIX CTaJlleil TIPOLIECC HATUIABKU MOXKET IPH-
BOAMTb K BBITOPaHWIO XpoMa, 00pa30BaHUIO TYTOIJIABKUX
OKMCJIOB, MOJYYEHUIO KPYITHO3EPHUCTON CTPYKTYpPhI, a 3TO
B CBOIO OYe€peIb CKA3bIBACTCH HA MOHWXEHHOU CTOMKOCTH
OKOJIOILIOBHOM 30HBI MPOTUB KOPPO3WU IO CPABHEHMIO C
OCHOBHBIM MeTaJlJioM. ST TpeaynpexaeHus] BhITOPaHUS
XpoMa U BbINaIcHUST KapOUIOB XpoMa HaIlJIaBKy HEOOXOm1-
MO IIPOU3BOIUTD OBICTPO, U30€Tast MEPEPHIBOB U MTOBTOPHBIX
HarpeBOB, YTO SBJISIETCS KpaiiHe 3aTPYAHUTEIbHBIM MPU Ha-
IJIaBKe JeTajieii TpyOoIIpoBOJHOM apMaTyphl.

OnHMM M3 HOBBIX HAIIPaBJACHUI Ha MyTU CO3MaHMS KOH-
KYPEHTOCIIOCOOHBIX U JIOJTOBEYHBIX IeTajieil TpyOOIIpoBOI-
HOM apMatyphl SBISICTCS TPUMEHEHUE COBPEMEHHBIX Ha-
HOTEXHOJIOTUIA, CBSI3aHHBIX C HAHECEHUEM YIPOUYHSIOIINX
HaHOIOKPBHITUI. B yCIOBUSAX 5KOHOMMYECKOIO KpH3KCa
5(P(HEeKTUBHOCT UCITOJNB30BAHUSI TAKUX TEXHOJOTUI TTOBHI-
IIEHUST CTOMKOCTHU, HAIEXXHOCTU M KaueCTBa U3HAIIMBAEMbIX
JieTajeil MHOTOKPAaTHO BO3PAcTaeT.

[ToOXUTETBHEBIN OIBIT MCIIOIB30BAaHMS HAHOTEXHOJO-
ruii B apmatypoctpoeHun yxe umeercst. Tak, OAO «bnaro-
BEILIEHCKUI apMaTypHbIi 3aBO» BBIITyCKAET 3allOpHbIE 3a-
nBrkk DN 300, nsrorasimuBaemble U3 ctaym 14X17H2 v
20X13 ¢ BaKyyMHBIM MOHHO-IIJTA3MEHHBIM HAaHECEHUEM Ha-
HOIOKPBITUS M3 HUTPHUIA TUTAHA.

Yenosua akcnnyaraymu

W BbI6OP METOZA YNPOYHEHNS

IIpu skcryarauyMu TpyOOIPOBOAHOM apMaTrypbl, B pe-
3yJIbTaTe CXBATHIBAHMS TPYIIMXCS ITOBEPXHOCTE 00pa3yroTCsT
3a7Mphbl, KOTOPbIE B AaJbHENIIEM BbI3bIBAOT UHTCHCUBHBIN
M3HOC YIUIOTHUTENBHBIX TOBEpXHOCTEH. JlaHHbIe paspylie-
HUS TIPUBOIAT K pa3repMeTHU3allN 3aTBOPA M yTeUKe pabodeit
cpenbl. Bo MHOTHX ciyyasix 370 yCyryossieTcsl IOMOJIHUTE b~
HBIM 3PO3MOHHO-KABUTALIMOHHBIM M KOPPO3MOHHBIM BO3-
JIEHCTBUEM, OCAXICHUEM CMOJ M IPYTUX OCAIKOB, BO3MICH-
CTBMEM Iapa MPpH BbICOKMX AABJIECHUSIX ¥ TEMIIEpaType.

Heobxonrmo 0TMETUTD, UTO JJIS JOJITOBPEMEHHOM paObOThI
VITIOTHUTEJIBHBIX IIOBEPXHOCTEM TPyOOITPOBOIHOM apMAaTyPHhI
BaXKHbI aHTU(PUKIIMOHHBIE CBOMCTBA TPYILMXCSI TTOBEPXHO-
CTeil, a MMEHHO HU3KMI1 KO3(PGhULIMEHT mapbl TpeHus. Js
5TOT0 HanboJIee TePCIIEKTUBHO MCIIOIB30BaTh COBPEMEHHBIC
TBEPAOCMAa30YHbIEC TIOKPHITUS, KOTOPBIE MOTYT PabOTaTh B pa-
0oueii cpene 6e3 cMa3Ku B YCIOBUSX TpeHust. 3BecTHO, UTo K
Kiaccy 3(pGheKTUBHBIX TBEPIOCMA30UHBIX MATePHAJIOB OTHO-
cATcs coeMHeHus1 KpeMHus, Takue kak SiO2 u SiC [2].

Ilepen TexHonoraMyM 4YacTo BCTaeT 3amgaya BbIOOpA
VIIPOUYHSIOIIEH TEXHOJOTUM WM METOAa HaHECeHUS (hyHK-
LIMOHAJIBHOTO TOKPBITUS TPUMEHMUTEJBHO K IOBBIIIE-
HUIO JOJTOBEYHOCTU KOHKPETHOM M3HAIIMBAEMOM IETaJIH.
VKpyImHEHHO BCE TEXHOJIOTUM YIIPOYHEHUSI MOXHO pasme-
JINTh Ha IBe OOJIBIINE TPYIIIEL C ITOCIEAYIOMEeH MEXaHM!-
yecKoil 00paboTKO# (HampuMep, TEXHOJOIMU HaIlJaBKu
VI HambIIeHWs) U 0e3 MOCIeayroleil MexaHnueckoil 00-
paboTtku. Ko BTOpOIT TpyIIe OTHOCSITCS TaK Ha3bIBacMEIE
(pMHULITHBIE METOBI, 00ECIICUHBAIOLIME TTOBBILIIEHUE 10JIT0-
BEYHOCTH 3a CYeT: (POPMHUPOBAHUS MOBEPXHOCTHBIX CJIOCB



C aQHTUCXBATHIBAIOIIMMUCS CBOMCTBAMMU, TMONYYEHUST ONTHU-
MaJIbHBIX TAPAMETPOB IIEPOXOBATOCTH, OCTATOYHBIX HATIPS-
>KEHUI 1 pallMOHAJIbLHOTO pacipeeaeHUs MUKPOTBEPAOCTH.
OueBUIHO, YTO (DUHUILHBIE TEXHOJOTUU YIPOUYHEHUST TIPU
YCJIOBUM OAMHAKOBOTO YBEJIWYEHUS] CTOMKOCTH [eTayeit
HMMEIOT 9KOHOMMUYECKUE MTPEUMYILECTBA U Hanbosiee ahPek-
TUBHBI [J151 UCTIOJIb30BAHUSI.

N3BecTHO, uTO 0KOJIO 40% W3HAIIMBAEMBIX I€TaICH BbI-
XOIIAT U3 CTPOS OT (PU3MYECKOTO U3HOCA 32 CUET MPOLIECCOB
cxBaTbIBaHUsl. JlaHHOE SIBJIEHUE MPOSIBISIETCSI B BHIPHIBE Ya-
CTUII METAJIJIA C OJHUX YYaCTKOB TIOBEPXHOCTEH U UX HAJIU-
MMaHUM Ha Ipyrue yyacTku rmosepxHoctei [3]. Takum obpa-
30M, BO3MOXHOCTb CO3IaHUST AaHTUCXBATHIBAIOIINX CBOWCTB
pabouurx MOBEPXHOCTEH 3a CYET TEXHOJIOTMM YIMPOUYHEHMS
SBJISIETCS HAMOOJIee TIePCIEKTUBHBIM MeporpusitueM. K me-
TOAAM YMEHBIIEHUS] CXBATBIBAHUSI OTHOCSITCSI: HAHECEHUE
HEMETAUITMIECKUX TMOKPBITHIA; TOBBILIEHUE TBEPIOCTH TO-
BEPXHOCTH; YMEHbIIEHUE KO3 dULIMeHTa TpeHUs; oa00p
COTPSIXKEHHBIX TIap, HE CKIOHHBIX K CXBAThIBAHUIO; yBEJIU-
YEHUE TETUIOYCTOMYMBOCTU TIOBEPXHOCTEH TPEHUSI; YMEHb-
LIEHUE TeMIIepaTypbl IOBEPXHOCTHOTO CJIOS.

i

Hpeus

| — npupaboTka, Il — cTabunbHbIA U3HOC, Il — KaTacTpoUYECKNiA NSHOC

Puc.1.  Craguu u3HawumBanms

I'eoMeTpryeckre mapaMeTphl M3HAIIMBACMBIX ITOBEPX-
HOCTE#l JieTajieil B Ipoliecce 3KCIUIyaTallMd He COXpaHsi-
10T MIOCTOSIHHBIX 3HaYeHMit. OHM U3MEHSIIOTCS BO BpEMEHU
yauie Bcero o kpunoit JlJopeHua (puc. 1), kotopast Xxapakre-
pU3yeTCsT TpeMsI IIeproaMu: TpUpaboTKa, yCTAHOBUBIIIEECS
1 KaracTpodudeckoe u3HammBanue [4]. B 3aBucumocTu ot
HCXOTHBIX CBOMCTB TPYIINXCS PaOOYMX TIOBEPXHOCTEH M-
TEJILHOCTh TIEPHOIOB MOXET U3MEHATHCS B HECKOJIBKO pas.
[Ipu sTOM M3HOC 3a BpeMsi MPUPAOOTKM MOXET JOCTUTATh
30-50% ot npeaenbHOro usHoca [5]. [ToatoMy 1ieecoodbpas-
HO Y€ Ha CTaJuy OKOHYATEeJIbHOTO M3TOTOBJICHUS JeTaleii
MpeaycMaTpuBaTh TaKyl0 (QUHMIIHYIO TEXHOJOTMYECKYIO
omepalnio, KOTopass MUHUMU3UPYET UMEHHO JUTUTSIEHOCTD
npupaboTKu. B KauecTBe Takoii omepanuy Ieaecoo0pasHo
KCII0JIb30BaTh MPOLIECC HAHECEHUSI TOHKOIUICHOYHOIO W3-
HOCOCTOIKOTO TTOKPBITHSI.

DUHHLLIHOE NN1a3MEHHOE ynpo4HeHne

PazpaboTtaHHbIif HOBBIN crtoco0 [1] HaHECeHUST U3HOCO-
CTOMKOTO HAHOMOKPHITUSI Ha ocHOBE cucteMbl Si-O-C-N ¢
KCITOJIb30BAaHUEM MajiorabapuTHON, MOOWJIBHON U MaHEB-

TEeXHONIOrMm o6paboTKu NOBEepPXHOCTHU

PEHHOU YCTaHOBKU OTJIMYAETCS T€M, YTO MPOIIECC He TPeoy-
€T BaKyyMa 1 OCYIIEeCTBIISICTCS IIPH OOBIYHBIX aTMOC(HEPHBIX
YCJIOBUSIX, YTO TIPENONPENEIISeT ero HU3KYIO TPYI0EMKOCTh
1 MaJible 9HEePro3aTpaThl.

JanHbIi Mpoliecc, MOMYYUBIINNA Ha3BaHUE (UHUITHOE
miasMeHHoe yrpouHeHue (PITY), mo3BossteT MHOTOKPAaTHO
MOBBICUTD JOJTOBEYHOCTD JeTalell, MHCTPYMEHTAa U TEXHO-
JIOTUYECKOU OCHACTKM 3a CYET HAHECEHUSI UBHOCOCTOUKOTO
HaHOTOKPBITUS. OcaXIeHWe TaKOTO MOKPHITUS BO3MOXHO
32 CYET MCIIOJIb30BaHHUs MapoB XXKUAKOTO IBYXKOMITOHEHT-
HOTO TEXHOJIOTMYecKoro mpemapara CeToj, BBOAMMOIO B
MayioTabapuTHBIN TIa3MOXMMMYECKUI TeHepaTop (Mpu
OIHOCMEHHOU paboTe yCTAaHOBKU PACXOJ TEXHOJIOIMYECKO-
ro npemnapara Ceron B rox He mpesbimaet 0,5 murpa). [To-
JaBaeMble Maphl B pe3ybTaTe IUIa3MOXMMUUYECKHMX Peak-
LMl obecreunBaOT HOPMUPOBAHUE HEMOCPEACTBEHHO Ha
VIIPOYHSIEMOM ITOBEPXHOCTH HAHOCIOWCTOTO ITOKPHITHS.
[uknmyeckoe HaHECEHUE TTOKPHITHS TIPU B3aUMHOM TIepe-
MEIICHUU TJ1a3MEHHOM CTPYU U YIIPOYHSIEMOI TOBEPXHOCTHU
MO3BOJISIET 1O MMHIMYMAa YMEHBIIINTH TEPMUIECKOE BO3ICH-
CTBME TIJIa3Mbl Ha YITPOYHSIEMYIO TOBEPXHOCTD, TMOJTHOCTHIO
HCKITI0YAs pa3yMpOYHSIOIIUMA OTITYCK Ui Beex cranei. MH-
TerpajbHasl TeMIIepaTypa YIPOYHSIEMBIX JIeTalleil B IIpolec-
ce HaHeCceHUs HaHOMOKPhITHS He mpesbimaer 100-150° C.
BaxxubiMu xapakrepuctukamu OITY sBisieTcst J0KaIbHOCTD
HaHeCEHMUsI TTOKPHITHSI, COXpaHEHHUE WIN YIYJIIeHUE Imapa-
METPOB IIEPOXOBATOCTU, BO3MOXHOCTb O0OpabOTKM TpYJI-
HOMOCTYIHBIX 30H W M3IEJMIA JI0ObIX rabapuToB, AeTajuei
13 Pa3HOPOMHBIX MAaTEePUAIOB; 00JAJAIONINX ITOBHIIIIEHHON
ra3onpoOHULIAEMOCTBIO (HapUMep, 13 UyryHa).

Hanocumoe mpu ®PITY HaHOMOKPBITHE OOJIamacT: BBI-
cokoit TBepaocThio (rmopsiaka 34 I'Tla), xumuyeckoit nHep-
THOCTBIO, YCTOMYMBOCTBIO K OKHUCICHHIO ITPY TTOBBIIIICHHBIX
teMnepatypax (mo temmnepatyp 1000° C), BbICOKOI compo-
TUBJISIEMOCTBIO YCTaJOCTHOMY pa3pyIIEHUIO B YCIOBUSX
LIUKJIMYECKUX HArpy30K W BUOpAINif; HU3KUM K03(DUII-
eHToM TpeHus1 (mopsiaka 0,07), BHICOKO# aare3ueit K Mc-
XOIHOMY MaTepuay, BBICOKMM YACIbHBIM 3JIEKTPUUECKUM
conporuBieHreM (nopgaka 10° Om-M), 4TO yMEHBIIAET
3JICKTPOMEXaHUYECKII N3HOC TIPU TPCHUU.

TUﬂllIMHa U CKOPOCTb OXN1aX[JeHUA NMOKPbITUA

TommHa HAHOCUMOTO TIOKPHITHS B KaXIOM IIUKIIE
BO3MIENCTBUS TUIAa3MEHHOI CTPYW Ha IIOUIOXKY SIBIISIETCS
BaxkHOM xapakTtepucTnkoil mporecca DPITY. YTtoOwl uc-
KJIIOUUTDH TieperpeB o0pabaTbiBAEMOro M3AEIUS MPU HaHe-
CEHUHU TIOKPHITHS, OOBIYHO CKOPOCTh IBMKEHMS TIIa3MEH-
HOIt CTpyH, (popMUpYIOLIEH TOKPBITUE, JIEXKUT B IMAaNa30He
10...100 mm/c. [Tpu TakMX CKOPOCTSIX TMEPEMEIIEHUST TIa3-
MEHHOI1 CTPyM TIOKPBITE HAHOCUTCS CJIOSIMU TOJIIIIMHOM IO
(30...3) am.

1T TIOBepXHOCTEM C JIOKAJTbHBIMU YIPOYHSICMBIMU
yJacTkamMu (HarpuMmep, YIUIOTHUTENbHBIE TOBEPXHOCTH
KOJIblIa, CeIJIa, IMCKA U T.11.) U C Y4eTOM MHOT'OIIPOXOJHOTO
BO3IEICTBUSA TIa3MEHHOI CTPYyH, 00IIast TOJIIIMHA HAHOCH-
MOTO TTIOKPBITUSI paBHA CyMMe TOJIIMH 110 OCU OMHOYHOM
MOJIOCHI MOKPBITHS U MOXET JOCTUTATh 2...3 MKM [1].

IMaprl MCXOMHBIX BEIECTB U COEIUHEHUI HAHOCMMOTO
W3 TIIa3MBI TOKPHITHS KOHIECHCHPYIOTCS Ha MOBEPXHOCTHU
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TEeXHOJIOrMy O6paboTKM NOBEpPXHOCTHU

OCHOBBI B Ha4aJIbHbIIi MOMEHT B XKMIKOM BUJIE IIPU TEMIIE-
partype mopsiika TeMIepaTyphl IIaBIeHUs TTOKpbITHs. Kpo-
Mg 3TOTO CJIeYeT OTMETUTh, YTO B MTapax MCXOAHOTO MaTe-
puana Ceton, ucnonbsyemoro miass PITY, mpucyrcTByeT
TaKOU CWJIbHBI aMopdu3aTop, KaK KpeMHUIA. 32 CUET MOIII-
HOT'O TEeTIOOTBO/Ia B OCHOBY HAHOCMMOE TIOKPHITHE OBICTPO
3aTBEpAeBacT U OCThiBaeT. PacyeTsl [1] moKa3bIBalOT, YTO
CKOPOCTh OXJIAXIEHUSI TOKPBITUSI COCTaBJISIET TMOPSIIKA
(—10'...—10"2) K/c. IIpx TaKMX CKOPOCTAX OXJIAKIECHMSI
MOKPBITHE JO/DKHO 3aTBEpAEBATh B aMOP(HOM COCTOSIHUMU.
OCHOBHOI METaJUI MOJ HAHOCUMBIM TOKPBITUEM B CJIOE€
rmyouHo# MeHee 1 MkM HarpeBaetcst 10 (300...400)° C npu-
Ou3uTenbHO 3a 1078 ¢, mociie 4ero ocThIBaeT MPaKTUYECKU
0 MCXOTHOM TemItepaTyphl MeTamia (mopsaka 100° C) 3a
BpeMs MeHee 10—5 c.

CTpYKTYpa n 371EMEHTHbIH COCTAB NOKPbITHA

[IpoBeneHHbI peHTreHO(MA30BbIl aHATU3 TTOATBEPINII,
yro nocie PI1Y nokpeitue Gopmupyercss B aMOP(HHOM CO-
crostHuu [1]. Kak n3BecTHO, B aMOp(HOM COCTOSTHUM Mate-
puaja OTCYTCTBYET AUCIOKALIMOHHASI aKTUBHOCTh, aMOP(HBIE
MOKPHITUSL 00J1a1al0T BHICOKUMM 3HAYEHUSIMU COIPOTHUBIIC-
HUS TUTACTUYECKOH aedopMaliii U YIpyroro BOCCTaHOBIIE-
Hus. [IpuyeM KOHTpoIMpyeMoe BBeleHHe aMop(Hu3aTopoB,
HampuMep, KPEeMHHUSI, IO3BOJISIET YIPaBISATh CTPYKTYpOW 1
CBOMCTBAMM HAHOTIOKPBITHIA, a TakKXke 00eCcTIeunBaTh Kapo-
CTOMKOCTh HAaHOMOKPBITHIA. KpoMe 3TOro KpeMHMiA OKa3bl-
BaeT ¥ TIO3UTUBHOE BIMSHKE Ha TPUOOTEXHMYECKIE CBOMCTBA
HAHOTIOKPHITHIT — B TIPOIIECCE TPEHMSI OH CIIOCOOCTBYET (Dop-
MUPOBAHUIO MTPOMEXYTOUHBIX TBEPIOCMA30YHBIX CJIOEB, 00-
pasylolIMXcs B pe3yJabTaTe TPUOOXMMUUECKUX peakiuii [2].

[Ipu mM3ydeHUN MUKPOCTPYKTYPHI ITOKPBITUS CHUCTEMBI
Si-O-C-N, mpoBeieHHOM IIPHA ITOMOIIM ITOJIEBOTO 3MUC-
CUOHHOTIO PacTPOBOIO 3JIEKTPOHHOIO MMKpocKoma JSM-
6700F ¢ mpucTaBKO#l JUISI 93HEPTrO-IUCTIEPCUOHHOM CITeK-
tpomerpuu JED-2300F ¢upmer JEOL (Smonmst), ObIIO0
M0KAa3aHo, YTO pa3Mep CTPYKTYPHBIX 3JIEMEHTOB (DOPMUPY-
€MOTO TIOKPHITHS M3MeHsIeTCsT OT 5-100 HM B 3aBUCHMOCTHU
OT PEXMMOB €r0 HaHECEHUSI.

Takum 06pa3oM, pa3MEePHOCTb CTPYKTYPHBIX JIECMEHTOB U
TOJILIMHA OTAEIbHBIX CJIOEB B MHOTOCJIOMHOM IOKPBITUN Ha-
XOIUTCS B HaHOMAacIITabHoM auama3oHe (MeHee 100 HM).

OnpeneieHre 3JIEMEHTHOTO COCTaBa IMOKPBITUS IIPO-
BOAMJIOCH C MCIIOJIb30BAHMEM PACTPOBOIO 3JIEKTPOHHOIO
mukpockomna JEOL JSM-6460LV (Jeol, dnonus) co crex-
tpomeTpoM pupmbl OXFORD. [/Ing uccinenoBaHuii ObLIn
MOATOTOBJICHBI 00pa3isl u3 cramu 20X13 B Buae mpyTka
KBaZpaTHOTO CeueHUs pazMepoM 3X3 MM, mmHO# 30 MM,
OIHA U3 CTOPOH KOTOPOro OTIHLIM(OBaHA IO Iapamerpa
Ra = 0,32 mxMm. Bpemst HaHeCeHUsT TTOKPHITUSI BApbUPOBa-
soch ot 30 1o 90 ¢ (c mHTepBaiom 15 c).

Pesynbrathl McclienoBaHusl OblIM 00pabOTaHBI C HC-
nosib3oBaHueM rnporpammbl upmbel OXFORD. Ha puc. 2
MpUBENEeH BU IUTM(DA C MOKPHITUEM CO CIEKTPOTPaMMONA.
®ororpacduu 006pa3oB MO3BOJISIIN U3MEPUTD TOJIIUHY T10-
KDPBITUSI ¥ ITOCTPOUTH 3aBUCHUMOCTb M3MEHEHUST TOJIIMHbI
TTOKPBITHSI OT BPEMEHU eT0 HaHeCeHUs (puc.3).

Ha ocHoBaHMM cIleKTporpaMM ObLT C/ieJIaH BBIBOI, YTO
BpeMsI HAHECEHUSI TIOKPBITUSI HE U3MEHSIET 3JIEeMEHTHBII CO-
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Puc.3.  3aBUCUMOCTb TOMLLMHBI NOKPbLITUA OT BPEMEHU Er0 HAHECEHUS

CTaB MOKPLITUA U MPOLIEHTHOE COJIEpXaHUE DJIEMEHTOB B
MTOKPHITUU. B MMOKPHITUM OTCYTCTBYIOT TaKue Ae(heKThI, KaKk
MOPBbI, OTCIIOCHUS, MUKPOTPEILIUHDI.

Du3nKo-mexaHn4eckne cBoNcTBa MOKpPbITUA

C 1uenpio u3ydeHUs] (HU3NKO-MEXaHUYECKUX CBOMCTB
nokpeiTust 1mo ISO 14577-1:2002 coBmectHO c Institut fiir
Fertigungstechnologie keramischer Bauteile, Universitt
Stuttgart (I'epmMaHus) ObUTM NPOBEAEHBI UCCIENOBAHUS 00-
pasnoB u3 ctand X12M, mpomenmmx TepMHUYECKYIO 00-
paboTKy — 3aKaJKy M oTiyck n0 tBepmocti HRC 58-60,
npouecc abpa3uBHOit 06pabotku u PIIY ¢ HaHeceHUEM
HaHOMOKPBITUA Ha ocHOBe cucTteMbl Si-O-C-N. Tommm-
Ha MOKpPBITUA Ha obpasue Ne 1 cocraBistia 0,5 MKM, I
obpazma Ne 2 — 1,5 mkmM. Pexxum HaHeceHUsT TOKPBITUS:
ToK — 100 A; Hanpstkenne — 31,4 B; paccrosHue mo obpas-
1a — 15 MM; pacxon 1iazMoo0pasyroliero raza — 2,9 J1/MuH;
pacxoj TpaHcmopTupyolero raza — 1,1 g/MuH; pacxon
3aInTHOTO ra3a — 2,0 1/MuH. B mipomiecce HaHeceHUS T10-
KpbITUSI TeMIiepatypa o0pasiioB He mpesbimana 120° C.
TonmyHa MOKPHITHS OLIEHMBAJIACh HAa 3TAJOHHBIX 00pa3-
11aX ¢ MCIOJIb30BaHMEM MpOoduIorpaMM ToBepXHOCTH [1].
JlaHHBII METOJ OCHOBBIBA€TCS Ha 3aMepe pPacCTOSIHMS
MEXy CPEIHUMU JTUHUSIMU TPODOUIOrpaMMbI IIEPEXOIHOM
30HBI — Y4aCTOK C MOKPBITUEM — Y4aCTOK 0€3 TTOKPHITHSI.



ITpu 5TOM MOKpPBITHE HAHOCUTCS Ha 00pa3ell ¢ UCIOIb30-
BaHNEM MAaCKU.

W3mepeHue TBepAOCTU (Hp,ast), 3G HEKTUBHOTO MOIYJIS
ynpyrocti E*= E/(1— v?) (rne E — monyns IOnra, v — xo-
s dumment [lyaccoHa) M BeIMUMHBI YIIPYTOTO BOCCTAaHOB-
newus W, = h,— h, /h,, (tne h, — nanGosblias riayorHa
NOTPYXEHUSI MHAEHTOpa, h, — TIyOMHA IPOHMKHOBEHUS
WHAEHTOpA TIOCJIE CHSTUS HArpy3Ku) OCYIIECTBISUTM Me-
TOIOM AMHAMMUYECKOro MexaHuuyeckoro aHanuza (DMA) ¢
HCMOJb30BaHMEM MUKpoTBepaoMepa Dinamic Ultra Micro
Hardness Tester DUN-211S (dbupma Shimadzu, Amnonwus).
O0paboTka pe3yabTaTOB U3MEPEHUI MPOBOAMIACH IO METO-
ny Onusepa u Papa.

[MpuMeHUTETEHO K M3ACIMIM, TIOABEPKEHHBIM TPECHUIO
W W3HOCY, IUTS TIOBBIIIEHUS CTOMKOCTU K YIpyroi medop-
Mally pa3pyLieHUs U YMEHBIICHUS TUIACTUYECKOM aedop-
MalMy MaTepuajg TTOBEPXHOCTHOTO CJIOSI TOJDKEH 00J1anaTh
BBICOKO TBEPIOCTHIO TIPM HU3KOM MOMIYJIe YIIPyrocTu. M3-
BECTHO, YTO OJHUM U3 CIIOCOOOB IOJIYYCHMSI MaTePUANIOB C
BBICOKUMM OTHOLIeHUsMU Kputepues H/E v HP/E?, coor-
BETCTBYIOLIMMU 0O0JIee BBHICOKON M3HOCOCTOMKOCTH, SIBJISI-
eTCs Co3aHne HAaHOCTPYKTYPHBIX MOKpHITUiA [6]. [Tpu aToM
0COOEHHOCTBIO TBEPABIX HAHOCTPYKTYPHBIX MTOKPBITUI SB-
JIIETCS TO, YTO TIOMUMO BBICOKOM TBEPIOCTH 3TH MaTepra-
JIbl 00J1a1a10T BBICOKOM IMPOYHOCTBIO, YTO XapaKTePU3YeTCs
IapaMeTpoM, CBSI3aHHBIM C YIPYITMM BOCCTAHOBJICHHEM
cBoiicts W, nocturaroummm nopsaka 90% [6].

Ha puc. 4 npencraBneHbl KpUBbIe HEIPEPHIBHOTO MH-
JNIEHTUPOBAHUS U PE3yJIbTaThl 00paOOTKU Ui 0OpaslioB C
pa3HOi TOJIIMHON IOKPHITHS. 3HAYCHMsI XapaKTepUCTUK
HaHouHaeHTUpoBaHus 1o 1SO 14577-1: 2002 npuBeneHHI B
mabauue 1. Kak BUIHO, IIPU MEHBIIEH TONIINHE TTOKPBITHS

TEeXHONIOrMm o6paboTKu NOBEepPXHOCTHU

(obpazerr No 1) 3HaUeHME TBEPAOCTH BBIIIIE, YUTO MOXKET OBITh
00bsICHEHO 00Jiee BBICOKOM TIOTHOCTbIO HAHECEHHOTO T0-
KpBITHS. 3HaueHns MUKpoTBeprocT HU 1 HaHOMHIEHTH-
poBaHug Hplast oTiiuyaeTcst Moyt B 5 pa3, 4TO TOBOPUT O
HEKOPPEKTHOCTU U3MEPEHU MUKPOTBEPIOCTA HAHOCTPYK-
TYPUPOBAHHBIX TTOKPBITU TP OOJIBIINX HATPy3Kax.

BaxxHo OTMETUTb, UTO MPEMMYIIECTBOM IOKPBITUN C
HM3KUM MOMIYJIEM YIIPYTOCTH SIBJISIETCST OJIM30CTh 3HAUCHUI
C MOAYJIEM YIIPYTOCTH CTAJBHBIX ITOMJIOXKEK, YTO TIPUBOIUT
K MUHMMU3alWY YIPYTUX HATIPSDKEHUI Ha TpaHulIe pa3iena
TMOKPHITAE-TIOAJIOXKA ¥ BHYTPEHHUX OCTATOYHBIX HAIIpsi-
XeHuit B cucteMe [6]. st mokpbitust cucteMbl Si-O-C-N
U TIOAJIOXKHU U3 cTaau X12M Moaynu yrnpyrocTu, COOTBET-
CTBCHHO, paBHBI, Hampumep, Wi obpa3ma Nol, mopsaka
160 I'lTa u 182 I'T1a.

CTOHKOCTb K OKHCIIEHHIO W LUEPOXOBATOCTD

BaxkxHbiM (paKTOPOM JOJTOBEYHOCTH PabOTHI TPyOOIPO-
BOIHOI apMaTyphl MPH BBICOKMX TEMIIEpPaTypax SIBISETCS
obecrneyeHre TePMMUUECKON CTaOMJIBHOCTA U CTOMKOCTM K
BBICOKOTEMIIEPATYPHOMY OKUCJIEHUIO. JlaHHbIe XapaKTepu-
CTUKM ONPEACISIOTCS DJIEMEHTHBIM U (Pa30BBIM COCTaBOM
TTOKPBITUI, a TakKe TEPMUYECKON CTAOMIbHOCTbIO WH/IM-
BUIYyaJbHBIX (ha3, COCTABISIOIIMX UX OCHOBY. Tak, Ui Mo-
KpbITHii cucteMbl Si-O-C-N BbIcOKMe 3HaYeHUS TBEPAOCTH
coxpansiorcs BIioTh 10 1000° C. IMo3utuBHOE BIMSHNE
aMOp(PU3MPYIOIIMX STEMEHTOB, TAKUX Kak Si, Ha KapoCTOM-
KOCTh HAHOCTPYKTYPHBIX MOKPBITHIA B cucTemax Si-O-C-N
TIPOSIBIISIETCST B 00pa30BaHUM OaphepHON 3alIMTHOM OKCHUI-
HOIA MIEHKY Ha ocHOBe Si0,, TIPENATCTBYIOILEN TIPOHUKHO-
BEHMIO KMCJIOPOAa K MomIokKe. CTOMKOCTb K OKMCICHUIO
MTOKPBITHIA Ha OCHOBe crcTeMbl Si-O-C-N BbIlIIe, 4eM y To-

) 13 2
Ne o6pasua HU, Ma H a0 TN E*,MMa W, % Hpiast /E* Hjast/E*
1 7,5 34 91,46 0,21 1,53
2 4,4 21 92,53 0,23 1,09
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Puc.4.  TpoTokonbl U3MEpEHNs MUKPOTBEPAOCTH U HAHOMHEHTUPOBAHUSA NOKPbLITUSA Ha ocHoBe cucTembl Si-0-C-N nocne ®IY:
a) ans o6pasua Ne 1 ¢ TonwuHoi nokpbiTus 0,5 mkm; 6) Ans 06pasua Ne 2 ¢ TONWMHOIK NOKPLITUA 1,5 MKM
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KpbITUii u3 HUTpUAa TutaHa TiN, kotopsie ipu 550° C okuc-
nsroTesT Ha TryouHy 800 HM [2].

OCHOBHBIM BEICOTHBIM TTapaMETPOM IIEPOXOBATOCTH pa-
00UYMX MOBEPXHOCTEH TPYOOIPOBOIHOIM apMaTyphl, YKa3bl-
BacMBIM Ha 4YepTexkax, SIBISIETCSI CpelHee apudMeTHIeCKoe
OTKJIOHeHUE TTpodust Ra, mpuHUMaeMoe paBHbIM oT 0,1 10
0,32 MKM, KOTOpO€, KaK U3BECTHO, HE COAEPKUT MH(POpPMa-
IuH 0 hopMe HEPOBHOCTEH IIPOMUIIS U, COOTBETCTBEHHO, 00
HX UBHOCOCTOMKOCTH (puc. 5) [5].

B 3apybexxHOli MpakTUKe MOBEPXHOCTH, paboTamollue B
YCIIOBUSIX MHTEHCUBHOTO M3HOCA, JOTIOJHUATEIHHO OLICHUBA-
I0TCS MapameTpamu epoxoBarocty 1o 1SO 13565-2:1996 —
Rpk, Rk, Rvk, cBsi3daHHBIMU C pacliM(pPOBKON KpUBOM
OIIOPHOM TOBEPXHOCTU. DTU ITapaMeTPhbl XapaKTepU3YIOT
OKOHYATEJIbHO TOJIYYEHHYIO TOBEPXHOCTh, KaK TPEXKOM-
TMOHEHTHYIO, COCTOSIIIYIO OTAEIbHO U3 BBICTYIOB (ITapameTp
Rpk), ocHoBHoro npoduist (mapametp Rk) w BnaguH (ma-
pametp Rvk). Ha ocHOBaHMM 3TOTO MEXIYHApOIHOTO CTaH-
Japrta 6oyiee U3BHOCOCTOMKON MOBEPXHOCTU COOTBETCTBYIOT
MEHbIIMe 3HaYeHns mapaMeTpoB Rk u Rpk. Tlostomy mpu
BBEIOOPE ONTUMAIBHON TEXHOJIIOTUM M3TOTOBJICHUS pabOIMX
MOBEPXHOCTEN TPyOONPOBOAHOM apMaTyphl C MOBBIIIEHHON
JOJITOBEYHOCTBIO 11€I6CO00pa3HO IMPOBECTU aHaNU3 huU-
HMIIHBIX OTIepalliii M3TOTOBJICHUS ¥ 3aMEPHUTh IOJTyJdacMbIe
3HaueHus1 Rk v Rpk.

Puc.5.  Mpochunu NoBEPXHOCTEH C OAMHAKOBLIM NapaMETOM LIEPOXOBATOCTH

Ra v pa3Hoii MHTEHCUBHOCTbIO 3HALUNBAHNS

B cooTBeTcTBUM C TpaAMLIMOHHON TEXHOJOTHMEW W3ro-
TOBJIEHUSI pabOUMX TOBEPXHOCTEN HeTajeil TpyOonmpoBOI-
HOIf apMaTypbl OCHOBHBIM TEXHOJOTMYECKUM (DPUHUIITHBIM
METOIOM 00pabOTKM, TTO3BOJISIONIMM BIMSITh Ha ITapaMeTphl
IIEPOXOBATOCTH, ABJISIETCS 00paboTKa abpa3vBHBIM UHCTPY-
MeHTOM. [Ipu cpaBHEHMM ABYX (DMHMIIHBIX TEXHOJOTUN —
TPaIUIIMOHHON abpa3uBHOI 00pabOTKU U IITM(OBATBLHOM
OTIepalliy ¢ TTOCIEIYIONINM HaHECEHNUEM TIOKPBITHS (METOI
®ITY) — mapametpsl mepoxoatoctu mo 'OCT 2789 mpu
ucnojib3oBaHuu npouecca GITY yMeHbIIAIOTCS, a IO MEX-
ayHapoaHomy crangapty 1SO 13565-2:1996 xapakrepusyior
MOBEPXHOCTb, KaK 00Jiee M3HOCOCTOMKY0. Takum 00pa3om,
DITY aBnsieTcs ONTUMAIbHOM (GUHUIIHON TEXHOJIOTHEN 00-

paboTKy pabourx MOBEPXHOCTEN AeTalell TpyOOImpOBOAHOM
apMartyphbl 3a CYET MOJYyYEeHUS] MUHUMAJIbHbIX 3HAYEHU I Ma-
pametpoB Sm, Rk u Rpk, oGecrieunBaroImux 00yee BHICOKYIO
M3HOCOCTOMKOCTb YIUIOTHUTEIbHBIX TOBEPXHOCTEH.

UcnbiTanna Ha TPeHne U U3Hoc

TpuborexHnyeckue ucnbiTaHus HaHocumoro npu OITY
TTOKPBITHS, TIPOBeAeHHBIC Ha MammHe TpeHns 2070 CMT-1,
OCHOBBIBINCh Ha U3MEPEHUM CWJIBI TPEHUSI W BETUYUHBI
M3HOCa UccieayeMblx 00pasioB. it TaHHBIX MCTIBITAHWIMA
ObUTM M3TOTOBJIEHBI 0Opasibl u3 ctamu 20X13 B Bume po-
JIMKOB TOJIIIMHOM 15 MM ¢ BHYTPEHHUM IUAMETpPoM 16 MM
1 Hapy>XHBIM AuamMeTpoM 42 MM. Ha nunmuHapuyeckyio mo-
BEPXHOCTh HAHOCMJIOCH TIOKPBITHE MeTooM DITY.

[To pesyabraTaM MCIBITAHWI OBLIM TTOCTPOEHBI 3aBUCH-
MOCTH K03 (UILIMEHTA TPEHUST U TeMIIEPATYphl B COTPsIKe-
HMM OT CKOPOCTH BpaIlleHsT 00pas31oB (puc. 6 u puc. 7).

HcnbiTanust Ha TpeHKE 1 M3HOC TTOKAa3aIn, YTo Koadhu-
LIMEHT TPEeHUsI 00pa3lioB C MOKPBITUEM MEHBIIE, UeM Y 00-
pas1oB 0e3 MOKpHITHS, B 1,5-2 pa3a; Koa(GUIIMEHT TPEHNUS
00pa3IioB C MOKPHITHEM YMEHBIIIAETCS ¢ YBEIMYEHUEM CKO-
POCTH BpallleHUsI, CJIeJ0BATEIbHO, TOKPHITHE 00ECTIeYBACT
60J1b1YI0 paOOTOCTIOCOOHOCTH TSI CUCTEM C 00JIEE BBICOKU-
MU CKOPOCTSIMU BpaIlleHUST; TEMIIepaTypa B CONPSIKEHIH 00-
Pa3LOB C MOKPHITUEM MTPU UCTIBITAHUSIX HA MAIIMHE TPEHUSI
Huxe ipuMepHo Ha 30%, yeM y 06pa31ioB 6e3 MOKPHITHSI.
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Puc.7.  3aBucumocTb TemMnepaTypbl 06pa3LoB nap TPeHUs «okpbitue + 20X13» (1)

1 «20X13+20X13» (2) 0T CKOpPOCTY MX BpaLLEHus



Ha ocHoBaHuuM npoBeieHHBIX TPUOOTEXHUIECKIX UCTIbI-
TaHUI MOXHO 3aKJIIOYWTh, YTO AHTU(DPUKIIMOHHBIE CBOM-
CTBa TOHKOIJIEHOYHOTO ITOKPBITUS, HAHOCUMOTO B IIPOLiecce
OITY npeBocxXoasIT aHAJTOTUYHBIE XapaKTePUCTUKU 00pas-
1I0B 0€3 TOKPBITUSI U, COOTBETCTBEHHO, MOKPHITHE 0becte-
YMBaeT 00Jiee BBICOKYIO M3HOCOCTOMKOCTh TPUOOCUCTEMBI.

lpumenenne ®I1Y B apmatypocTpoeHun

Hcnwitanus B OAO «biarosemieHcKuii apMaTypHbIi 3a-
BoI» KiMHOBOM 3aaBrkku 3KJI 15-250 ¢ kiimHOM M3 MaTte-
puana 30X13, Ha KOTOpHIif OBIIIO HAHECEHO M3HOCOCTONKOE
HaHoTOKpbITHE MeTonoM DITY, BKitouaso B cedst TPOBEPKY
Ha repMEeTUYHOCTb KJIIMHOBOT'O 3aTBOPA 1 Ha paboTOCIIOCO0-
HOCTb TIPY MTOJTHOM OJHOCTOPOHHEM Tiepenaje TaBIeHus Ha
3atBope. [IpoBepka Ha pPabOTOCIIOCOOHOCTH IMPOBOIMIACH
HapabOTKOI ISITU LIMKJIOB ¢ KAX/I0i CTOPOHBI IIPX OHOCTO-

Puc.8.  TMpouecc HaHECeHNs HAHONOKPbITUA Puc. 9.

metofom ®I1Y Ha KnuH 13 ctanu 30X13

3ansixku 3KJ12 150-250 (OAO «3aBopg CubHedhTerasmaw»
(OAO «bnaroBeLeHCKuit apMaTypHblii (TromeHb)
3aB0f»)

poHHeM nepernae 250 Kre/cM2, Ha epBoM
U IISITOM LIMKJIE ¢ KAXIO0i CTOPOHBI ITPO-
BOIWJIACh TIPOBEpPKA Ha TEPMETUIHOCTD
3arBopa. [lociie aHanM3a MPOBEIEHHBIX
HCIBITAHUI HAHOIIOKPBITHE, HAHECEHHOE
metonoM DPITY Ha KT1H, B 1Ba pa3a MOBBI-
CUJIO U3HOCOCTOMKOCTD YIIOTHUTEIbHBIX
MTOBEPXHOCTEM KJIMHA, YMEHBIIUIO KO-
JIMYECTBO 33MPOB U CHUBWIO KO3bdu-
LIMEHT TPEHUS MEXIY YILUIOTHUTEIbHBIMU
ITOBEPXHOCTSIMM.

Ha puc. 8, 9 moxkazaHbl IpuMepHI UC-
nojb3oBaHus TexHosornu @ITY ¢ HaHe-
CeHMEM HAHOIIOKDBITUSI Ha AeTajli TPyOOIIPOBOIHOI apMa-
TYpHI, a Ha puc. 10— o0t B YyCTAHOBKY JUISI peaiu3aliun
texHosoruu OITY.

C y4eToM BBIIIEN3TOXEHHOTrO TexHonorusa PITY moxer
OBITh PEKOMEHIOBAaHA KAaK OKOHYATEIbHbIM (DUHUIIHBIMA
npouecc 00paboTKM paboyux MOBEPXHOCTEN TpyOOIpo-
BOJHOIi apMatypbl. HarnsiiHO yBUIETh PONIKK, AEMOHCTPH-
pYIOIIU TPOoliecC HaHECEHUST HAHOTIOKPHITUS Ha KJIWH 3a-
nBrkkn 3KJI2 150-250 moxHo B MIHTEpHETE MO CChLIKE:
http://www.plasmacentre.ru/video/index.php.

BbiBogbi
1. C 1IEJBIO ITOBBILLICHUA JOJITOBCYHOCTU yrU'[OTHI/ITeJ'[I:—
HBIX TOBEPXHOCTEN JeTajell TpyOONpPOBOAHOW apMaTypbl

LLin6ep u cenno u3 cranu 40X
3apsuxku 3M 50x21 nocne @MY

TEeXHOJIOrMM o6paboTKM NOBEPXHOCTHM

1LIeJIeCO00Pa3HO HMCITOJIb30BaTh (DUHUIIHBIE YIIPOYHSIIO-
1I1e TeXHOJIOTUHU, 0OecTeYnBaloIIe HAHECEHUE M3HOCO-
CTOMKUX HAaHOTIOKPBITHIA, TPY KapaAWHAIbHOM M3MEHEHUH
(pU3MKO-MEXaHMUYECKUX CBOMCTB ITOBEPXHOCTHOIO CJIOSI
(TIp¥ 5TOM B OTHENBHBIX CYIasIX MOKHO OTKA3aThCsl OT HC-
TOJIb30BAaHMSI TEXHOJIOTUIA HATUIABKH ).

2. O@HMM W3 MEPCIEKTUBHBIX METOIOB ITOBBILICHUS
TOJITOBEYHOCTH YIUIOTHUTENBHBIX ITOBEPXHOCTEH TpyOO-
MPOBOHOM apMaTryphl SIBJISIETCSI TpollecC (DUHUIIHOTO
IJJa3MEHHOTO YIIPOYHEHUS C HAHECEHUEM M3HOCOCTOIKOIO
HAHOTIOKPBITUS, KOTOPOE XapaKTEePU3YeTCsI XUMUUICCKOMU
MHEPTHOCTHIO, BBICOKOW TBepmocThio (rmopsiaka 34 I'Tla),
HM3KMM MOyJeM ympyroctu (mopsiaka 160 I'Tla), xa-
POCTOMKOCTBIO, HM3KUM  KO3(PDUIIMEHTOM  TpPEHMUSI,
MPETATCTBYIOIIUM Pa3BUTUIO TEPMOYCTAJIOCTH 3a CYET
YMEHbIIEHUST Ne(eKTHOCTU TTOBEPXHOCTU U CO3IaHUEM B
MOJIJIEHOYHOI 30HE MeTajlJla OCHOBBI CXUMAlO-
IIAX OCTATOYHBIX HAIIPSKECHMIA.

3. BHempeHue Ha apMaTypHBIX 3aBOJax
MaJIorabapuTHOTO U HECJI0XKHOTO 00OPYIOBAHUS
1t PITY yImoTHSIOMIUX TTOBEPXHOCTEH TPy0o-
MIPOBOIHOM apMaTyphl, ¢ HU3KUM TOTpeOIeHUEM
3JIEKTPO3HEPIMH ¥ PACXOAHBIX MaTepUAIOB, MaK-
CUMabHO 3(G(PEKTUBHO U MMEET MUHUMAJIbHBIN
CcpoK okyrnaeMocTu (He 6oznee 5 mecauen). Ilpe-
umyniectsa meroga ®ITY cBsi3aHbI ¢ HAHECEHUEM
HAHOTIOKPBITUS JIOKAJbHO Ha pabouyne IOBEpPX-
HOCTH JIeTajieii TpyOOIIPOBOIHON apMaTyphl, ¢ He-
0O0JIbILION IMTENIBHOCThIO HAHECEHMS ITOKPBITHS
1 HU3KOM C€0ECTOMMOCTBIO.

Puc. 10. Yctanosku ans @MY ¢ HaHeceHUeM HaHONOKPbITUA
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