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(57) TIpemnoxeHo pe3bOOBOE COENMHEHHE T TPYD, MMEIOIIEe HE TONBKO COMPOTHBIEHHE 3ae/aHHIo,

KOTOpO€ He TpeOyeT NPOBEeIeHHs dTala NPUIaHHs TOBEPXHOCTHOW LIEPOXOBATOCTH, HO SIBJISIETCS CTOJIb
K€ TPEBOCXOIHBIM, KaK CONPOTHBICHUE 3aelaHHI0, 0OECIIEYMBAEMOE BBINOJHEHNEM 3Tana MPHUIAHU
MTOBEPXHOCTHON IIIEPOXOBAaTOCTH, M HMMEET HHM3KMH KpPYyTSIIMA MOMEHT Ha 3aruiednke. Pe3nOoBoe
coemqunenue (50) mis TpyO Brimrowaer Hunmedb (13) u mydry (14). Pe3nboBoe coenunenue s Tpyo

BKITIOUAET IUTaKUpyromuii cinoii (21) Zn-Ni-craBa u TBeppoe cMa3oqHoe NoKpeITHe (23). [Tmakupyrormmii

cioit (21) Zn-Ni-crutaBa 00pa3oBaH Ha KOHTAKTHON ITOBEPXHOCTH TI0 MEHBIIIEH Mepe OTHOTO U3 HUITIETIS

(13) u mydrst (14) 1 conepxur ot 10 no 16 mac.% Ni. TBepaoe cmMazouHoe nokpseiTre (23) 00pa3oBaHO

Ha miakupyromeM cioe (21) Zn-Ni-cmaBa. KoHTakTHas NTOBEpXHOCTh, Ha KOTOPOW 0Opa3oBaH

rakupyronmii cioit (21) Zn-Ni-crinaBa, siBisiercst otiuniMdoBaHHOH. Teneps cpenHeapudMeTndecKast

IIEPOXOBATOCTh TMOBEPXHOCTH ILIakupyromero cinos (21) Zn-Ni-crmaBa ompenensiercsi kak Ral, a

cpeaHeapudMeTHUecKasi IIEPOXOBAaTOCTh KOHTAKTHOH ITOBEPXHOCTH ompenensercs kak Ra2. Ral

Bapsupyercs ot 0,1 1o 3,2 MmxMm. Ral siBisiercst 6onbmeit, yem Ra2.
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OIIMCAHHUE U30BPETEHHUSA
2420-562545EA/042
PE3bBOBOE COEJIMHEHHE /UIA TPYB U CITOCOBb U3I'OTOBJIEHUS
PE3bBOBOTI'O COEAUHEHUA 1JIs1 TPYD

OBJIACTb TEXHHKH, K KOTOPOU OTHOCHUTC A MU30EPETEHUE

[0001] Hacrositee uzoOpereHHe OTHOCUTCS K pe3bOOBOMY COSIUHEHMIO It TPYO U K
croco0y M3rOTOBJIEHUsI Pe3bOOBOTO COSAMHEHHS TSt TPYO.

YPOBEHb TEXHUKHU

[0002] Anst OypeHusi Ha HEPTSIHOM MECTOPOKIACHUH WJIM MECTOPOKIEHUH TPUPOIHOTO
rasa nOpuMeHstoTcss  TpyObl  HedrenpomsicioBoro  copramenta (OCTG).  TpyOsl
HedTenpomeicioBoro copramenta (OCTG) dopMupyroTcs COeIUHEHHEM MHOTOYHCICHHBIX
CTaIbHBIX TPYO Jpyr € JPyroM COOTBETCTBEHHO TINIyOMHe CKBaXMHbI. CTaibHble TPYyOBI
CBSI3BIBAIOTCS ~MEXKAY COOOH  CKpeIuleHHeM TpPYOHbIMH  pPe3bOOBBIMH  COCTUHEHUSIMHU,
00pa30BaHHBIMH Ha KOHIEBBIX y4YacTKax CTaJbHbIX TpyO. CTampHble TPyOBI HM3BJIEKAIOT IS
o0cenoBaHus WK APYTUX LEJeH, pa3BUHYUBAIOT, HHCIIEKTHPYIOT, U 3aTEM OISITh CKPETUIIOT U
MOBTOPHO HCTOJB3YIOT.

[0003] Pe3pOoBoe coenuHeHHe s TPyO BKItOHUaeT Hummnens u Mydry. Hunmnens nmeer
KOHTAaKTHYIO TIOBEPXHOCTh, OOpPA30BAHHYIO HAa HAPYKHOW mnepudepruuecKkoil MOBEPXHOCTH
KOHIIEBOTO y4YacCTKa CTaJbHOU TPYObl M BKIIOYAIOLIYIO YYACTOK C HAPYKHOH pe3pdoi. Mydra
UMeeT KOHTAKTHYIO I[IOBEPXHOCTb, OOpa3OBaHHYHd Ha BHYTPEHHeH mepudepudeckoit
MOBEPXHOCTH KOHIIEBOTO y4YacTKa CTaJbHON TPyOBl M BKJIIOYAIOIIYIO YYAaCTOK C BHYTpPEHHEH
pe3pboil. Kaxnas W3 KOHTaKkTHBIX IOBEPXHOCTEH MOXET BKIIOYaTb Oe3pe3p00oBOM
METAJUINYECKUH KOHTAKTHBIH yyacToK. KOHTaKTHAst MOBEPXHOCTh KAXKABIX W3 HUMIETIEeH U My(]T,
KOTOpasi BKJIFOYAET pe3b0OBOil yuacToK U 0e3pe3b00BOi METAIMYECKHi KOHTAKTHBIH y4acTOK,
MHOT'OKPATHO MCIIBITBIBAET CHJIBHOE TPEHUE, KOTAA CTaJIbHbIE TPYObl MOABEPTAIOT CBUHYNBAHUIO
U pa3BUHUMBAHUI. Eciu 3TH 00MacTH HE HMMEIOT AOCTATOYHOW H3HOCOCTOMKOCTH MPOTHB
TPEHUs1, MPOUCXOAUT 3aeaHue (He MOANIeKallee PEMOHTY 3aKJIMHIUBAHKE), KOTAA MOBTOPSIOTCS
3araruBanue W ocnabnenue. IlosTromy pe3pOOBbIe coemuHEHHs Ui TPYO MOJDKHBI HUMEThb
JIOCTAaTOYHY0 H3HOCOCTOHKOCTh NPOTHB TPEHUs, TO €CTh, NPEBOCXOIHOE COMPOTUBJICHUE
3a€aHMIO.

[0004] [nsi mOBBIMIEHUST COMPOTUBIEHUS 3a€NaHUIO HCIOJb30BANIACh KOMITAyHIHAs
CMa3Ka, COAep:Kalas TsKEIbIM MeTajul, Ha3blBaeMblll nmpucankoil. HaHnecennem komnayHIHOU
CMa3Kd Ha I[IOBEPXHOCTb pPe3bOOBOTO COEAMHEHHUS Uil TPyO MOXKeT OBbITh YIIYHYLIEHO
COIPOTHBJIEHHE 3aeJaHHIO0 pe3b00BOTo coenuHeHnst TpyObl. Tsokenblii MeTaiul, Takol kak Pb, Zn
u Cu, comepamuiics B KOMIIAYHAHOH CMa3Ke, MOXKET OKa3bIBATh BJIMSHHE HA OKPY)KAIOLIYIO
cpeny. IToatomy >kenarenpHa pa3paboTka pe3bOOBOro coenuHeHus 1t Tpyd 6e3 HCIoTb30BaHUS
KOMITayHAHOU CMa3KH.

[0005] Kaxpas wu3 nyOnmkauuu MexnayHapogHod 3asBku Ne W02016/170031
(ITarentHbiii nokymeHT 1) m nyOnukanum 3asBku Ha mnarteHT SAnonun Ne 2008-69883

(ITareHTHBII HOKYMEHT 2) mpemjiaraeT pe3bOoBOe COeOUHEHHE Ui TPyO, KOTOpOE SIBISIETCS



NPEBOCXOHBIM B OTHOIIEHHH COTPOTHUBIICHUS 3aeaHui0 Oe3 koMnayHAHOH cMazku. CMa3odHoe
NOKpBITHE (POPMHUPYIOT HA KOHTAKTHOM MOBEPXHOCTH (pe3bOOBOro y4yactka M 0Oe3pe3n0oBoro
METAJUINYECKOTO KOHTAKTHOTO Yy4acTka) pe3bOOBOro COEAMHEHUs i TpyO, OMHCAHHOTO B
Kax71oM U3 ITaTeHTHBIX TOKyMEHTOB 1 1 2, 4TOOBI TOBBICUTH CONPOTUBIIEHNE 3AEIAHUIO.

[0006] B IlatentHoM mnokymente 1 omucaHo pe3bOOBOE coenMHeHue s TpyO, B
KOTOPOM Ha METAJUIMYECKOM KOHTAKTHOM VY4YacTKe HHUIMeNs Win My(pTbhl 00pa3oBaHO
AHTUKOPPO3MOHHOE, YCTOMYMBOE K 3a€JaHUI0 METAUIM4EeCKOe MOKphITHE. BplmneonucaHHoe
AHTHKOPPO3HOHHOE, YCTOHYMBOE K 3a€laHUI0 METAJUINYEeCKOe TOKPBITHE TJIaBHBIM 00pa3om
comepkut Zn. OnucaHHOE BBIMIE METAIMYECKOE TMOKpPbITHE (GOPMHUPYIOT 00paboTKOM B
YCJIOBUSIX 3JIEKTPOJUTHUYECKOTo TuiakupoBaHusi. B abzaume [0173] IlarentHoro nmokymenrta |1
OMUCAHO, HYTO OJJICKTPOJUTUYECKOE IUIAKUPOBAHME CO3/AeT BBIMIAKUBAOMIHMNA 3P EKT.
Beirnaskuarommii 3¢ dext Taxke packpeit B Tadmuie 1 B [TarenTHOM nokymente 1. B Tabnuue
1 B IlarenTHOM nokymeHte | cpemHeapudmerndeckas BbicoTa Ra MHUKpPOHEpOBHOCTEH Ha
KOHTAKTHOW MOBEPXHOCTU MOCHE 3JIEKTPOIUTHUECKOTO MIIAKUPOBAHUS SIBJISIETCS MEHBLIEH, YeM
cpenneapudmernueckas BbICOTa Ra MHKPOHEPOBHOCTEH HAa KOHTAKTHOH IOBEPXHOCTH [0
3JIEKTPOJIUTUYECKOTO IMJIAKUPOBAHUS, HE3aBUCUMO OT TOrO, IPOBOAMJIACH JIM MU HET
NECKOCTpYiHAass 00paboTKa MOBEPXHOCTH.

[0007] Pe3pboBoe coemmueHue mnsi TpydO, ommcanHoe B IlaTeHTHOM HOKymMeHTe 2,
o0pa3oBaHO W3 HUMMENS U My(QThI, B KOKAOM Cllydyae MMEIOLINX KOHTAKTHYIO IOBEPXHOCTb,
BKJIIOYAIOLIYI0 Pe3b0OBOH y4acTok U 0e3pe3pO0BO MeTa/uTMYeCKUi KOHTAKTHBIN y4YaCTOK.
Pe3pOoBoe coenunenue ans TpyO, onmcaHHOe B [IaTeHTHOM AOKYMEHTe 2, UMeeT CIIeAyIoIne
CJIOH, MOCJIEAOBATENbHO OT HIDKHErO 10 BEPXHErO0 Ha KOHTAKTHOM MOBEPXHOCTU IO MEHBLIEH
Mepe OHOM JeTalu U3 HUIIeNs U My(QTbl: MEpBbIH CJI0H, 00pa3oBaHHbBII U3 MEPBOro MeTajia
WU CIUIaBa; BTOPOH CIIOM, 00pa3oBaHHbIN U3 BTOPOTO METalIa WK CIUIaBa, 0oJiee MIATKOTOo, YeM
HepBBIl METAJUl WM CIUIAB;, U TBEPIOE CMA304HOE MOKPBITHE, KOTOPOE MPEACTaBseT COOOH
CaMbIil BEpXHUMN CITOM.

CIIMCOK LIMTUPYEMBIX TOKYMEHTOB

ITATEHTHBIE JOKYMEHTGI

[0008]

[TaTentHbli nokymeHT 1: [lyOnukarus mexayHapoaHoi 3assku Ne W(02016/170031

[TaTentHbli nokyMmeHT 2: [lyOnukanus 3as8ku Ha nateHT Snonnu Ne 2008-69883

CYIHOCTDb U30BPETEHU A

TEXHUYECKAA 3AZTAYA

[0009] Pe3bboBoe coeauHEHHE MOOKHO HE TOJBKO UMETh OINHCAHHOE BBIIIE
COTPOTUBJIEHUE 3a€JaHUI0, HO U T[IOAABJATb [OBBIIEHWE KPYTSIIEro MOMEHTa B
MHOTOUMCJICHHbIX muKiax 3atsruBanus. OUI. 1 mpencraBnsier rpaduk, WLTOCTPUPYIOLIUH
B3aMIMOCBSI3b MEXKIY YHCIOM OOOPOTOB Pe3bOOBBIX YUACTKOB Pe3bOOBOr0 COSNMHEHUS I TPYO,
UMEIOIUX 3aIUIEYNKOBbIE YYaCTKH, U KPYTALIMM MOMEHTOM, KOIZla 3aTSATHBAIOT Pe3bOOoBOE
coennnenue s TpyO. Co cepuikoit Ha @UI. 1, xorga cTAruBarOT ApPYr C APYroM HUMIENIb U

My(QTy, 3aIJICUNKOBBIE YYAaCTKH HUIIIENA U My(PThl IPUXOAAT B KOHTAKT MEXAy COOOMH, Koraa



IOCTUTAETCsl ONPEAETIEHHOE YUCIOo 000poToB. KpyTsAmii MOMEHT, KOTOPBI BO3SHHUKAET B 3TOT
MOMEHT, Ha3bIBAETCA KPYTSAI[UM MOMEHTOM Ha 3aruieduke. [lns 3ataruBaHus pe3bOOBBIX
YYacTKOB pe3bOOBOr0 COeNMHEHMs Ui TPYO APYr C IPYrom, IMocijie JOCTHXKEHHs KPYTSINEro
MOMEHTA Ha 3aIllIeuyMKe, 3aTSTMBAHUE JOMOJHUTEIbHO BBINOJHAKT, NOKA 3aTATMBAHHE HE
3aBepuIaeTcs. TeM CaMbIM IMOBBIIIAETCS TA30HEMPOHULAEMOCTh PEe3bOOBOTO COENUHEHUS IS
TpyO. JlanbHeillee 3aTsAruBaHUe IOCHE 3aBEpPIUEHHs CBUHUMBAHMS IMPUBOIUT K TOMY, HYTO
METaJNIMYeCKUH MaTepuas, U3 KOTOporo oOpa3oBaH IO MEHbIIEH Mepe OAMH W3 HUMNENS U
My(TbI, HAYMHAET HCIBITHIBATh IUIACTHYECKYIO Aedopmanmto. KpyTammii MOMEHT, KOTOpBIit
BO3HHKAET B 3TOT MOMEHT, Ha3bIBAETCS KPYTALIMM MOMEHTOM Ha IpeJiese TeKy4eCTH.

[0010] KpyTsmuit MOMEHT 1O 3aBEPLISHUH 3aTATMBAHUS (1ajiee HA3bIBAEMbIi MOMEHTOM
3aTSDKKU) PETYJIHPYIOT TaK, YTOOBI 00ECNEeunTh JOCTATOYHOE T'ePMETHU3UPYIOIIee TaBJICHUE Ha
CTBIKE HE3aBHCHMO OT CTENEHH 3aemaHus pe3bObl. JlocTaTodHas pa3sHOCTb MEXKIY KpPYTSIIUM
MOMEHTOM Ha 3alljiedlKe U KPyTSIUM MOMEHTOM Ha Ipefene TeKYy4ecTH pacLIipsieT JUana3oH,
B Ipenenax KOTOPOro JOCTHraeTcss MOMEHT 3aTsDKKU. B pesynprare sToro 0e3 Tpyaa
KOPPEKTUPYIOT MOMEHT 3aTsDKKU. [l pacuimpeHus pauamasoHa, B Ipeneiax KOTOpOro
TOCTUTAETCS MOMEHT 3aTsDKKH, MOXKET OBITb CHMKEH KpPYTAIIMH MOMEHT Ha 3aIlIeuuKe.
ITosTomy pe3bOoBOe coenuHeHHWe il TPYO MAOKHO HMMETh HE TOJNBKO OIMCAHHOE BBIIIE
COIPOTHBJIEHHE 3a€laHUI0, HO M CHOCOOHOCTh COXPAHATh KPYTSIIMHA MOMEHT Ha 3aIUIeuHKe
MaJIbIM, J1aKe KOT'Jia TIOBTOPSIFOT 3aTATMBaHKE U ocnabiieHue.

[0011] To >xe ocTaercsi CripaBeJIUBbIM B OTHOIIEHUN Pe3bOOBOr0 COeNMHEHUS ISl TPYO,
He uMmerouero 6e3pe3b0OBOil MeTaNTMUeCKUH KOHTAKTHBIA Y4acTOK (TO €CTh, HE HMMEIOINEro
3aIJIEUNKOBBIN y4acToK). JloctaTouHas pasHOCTb MEXAY KPYTSAIIMM MOMEHTOM Ha HadajJbHOM
STale 3aTATMBaHMs U KPYTSIIUM MOMEHTOM Ha 3aKJIHYUTEIbHOM 3Talle 3aTTUBAHMs PACIIUPSIET
AMAaIa3oH, B Mpeaenax KOTOPOro JOCTHUraeTcsi MOMEHT 3aTsDKKH. B pesynprate sToro 6e3 tpyna
KOPPEKTUPYIOT MOMEHT 3aTsDKKW. [l pacmmpeHus pauamasoHa, B Ipenenax KOTOpPOro
IOCTUTAETCS MOMEHT 3aTSDKKU, MOKET ObITh CHHIKEH KPYTSILIMI MOMEHT Ha HavajJbHOM 3Tare
3araruBanus. KpyTsmmi MOMEHT Ha HAudaJbHOM STame Mpolecca 3aTSITMBaHUS Pe3bOOBOro
coequHEHHs Uil TPyO, HE HWMerolnero 0e3pe3bOOBON METATMYEeCKH KOHTAKTHBIM yYacCTOK,
COOTBETCTBYET KPYTSIIEMY MOMEHTY Ha 3allJIeduke B IPOLIECCEe 3aTATUBAHHSA Pe3bOOBOTO
COEAMHEHUs JUTsI TPYO, BKITFOYAOLIETO 3aIJICUHKOBBIE YHACTKH.

[0012] Opnaxko IlateHTHbIe MOKYMEHTHI | WM 2 HE OMUCHIBAIOT BBIMIEYKA3AHHBIN
KPYTSIIMI MOMEHT Ha 3aIlIeHUKe.

[0013] C mpyroii CTOpOHBI, 00pa30BaHE CMa30YHOTO MOKPBITHS Ha TUIAKUPYIOIIEM CJIOe
MOJKET TIOBBIIIATH COMPOTHBIICHUE 3a€AaHUI0 PEe3bOOBOT0 COENUHEHHS ISl TPYO, KaK pacKpbITO
B IlarenTHbIX nokyMeHTax | u 2. IlateHTHBIE AOKYMEHTBHI | M 2 ONMCBIBAIOT, YTO CTPyHHAas
obpabotka wiu modas apyras oOpaboTka, BBIMONHsIEMas mepen oOpa3oBaHUEM CMa30YHOTO
MOKPBITHS, CO3JAET INEPOXOBATOCTh IOBEPXHOCTU. TeM caMbIM MOXKET OBbITh MOBBIIIEHA
NPOYHOCTh CLEIUIEHUS CMAa30YHOTO IOKPBITHS, U TO3TOMY MOXKET OBbITh JOIOJHHUTEIBHO
YBEJIINYEHO COMPOTUBJICHNE 3a€JaHUI0 PE3bOOBOT0 COENMHEHHS IS TPYO.

[0014] OgHako aBTOPBI HACTOSIIErO U300PETEHUs MPENIONIOKIIIN, YTO TIOBEPXHOCTHAS



IIePOXOBAaTOCTh, CO37aBaeMasi B MPOTOTUIIE B JABa JTana, CTPyHHOH oOpaboTtkol u
o0pa3oBaHNEM IUIAKUPYIOIIEro CJIO0S HA MOJABEPTHYTON CTPYHHON 00paboTKe MOBEPXHOCTH, UITH
0o0pa3oBaHUEM IUIAKHPYIOIIEro CJIOSt U CTPYHHON 00pabOTKOMH, BBIMOIHAEMON Ha TUIAKUPYIOIIEM
CJIO€, IPEATIOYTUTENIBHO CO3/IaeTCsl TOJIBKO Ha OJJHOM 3Tare 00pa3oBaHUs TUIAKUPYIOIIErO CIIOSL.

[0015] Llenp HacTOsAILIEr0O M300pETEHUsT COCTOMT B CO3JaHUU PE3bOOBOTrO COEIMHEHUS
Ay TpyO, MMEIOLIero He TOJNbKO CONPOTHUBJICHHE 3aeNaHHI0, KOTOpoe He TpelyeT CTpyHHOH
00paboTky, HO TPOSIBISIET Takoe K€ MPEBOCXOAHOE COMPOTHBIEHUE 3aeJaHUI0, Kak
obecrneurBaeMoe CTPyiHOU 00pabOTKOM, HO M MaJiblii KPYTSIIMI MOMEHT Ha 3aIljIeurKe, Haske
NpU TOBTOPHOM 3aTSTUBAHUM W OCIA0JNEHUH, W Crnocoda, MPUTOAHOTO Ui TOJNyYEHHs
pe3p0OBOro COeAMHEHUS ISt TPYO.

PEIINEHUME 3AIAYU

[0016] Pe3bboBoe coemuHerHne st TPyO COMIACHO OJHOMY BapPHAHTY OCYINECTBJICHHSI
HACTOSIIIEro M300peTeHus BKJIoUaeT Hummenb u Mydgry. Hunmens u MydTa B KaXKI0OM ciydae
BKJIFOYAIOT KOHTAKTHYKO TOBEPXHOCTh, BKJIIOYAIOMYI0 pe3bOOBOH ydacTok. Pe3bbOoBoe
COeMHEHHNe JUIsi TPYO BKIFOUAET IUIAKUPYIOMUH ciioil Zn-Ni-clijlaBa ¥ TBEpAOE CMa304YHOE
nokpbitue. ITnakupyrommuii cioii Zn-Ni-cimaBa 00pa3oBaH Ha KOHTAKTHOH TMOBEPXHOCTH TI0
MeHbLIeH Mepe OnHOro u3 Hummens u Mydtol u comepxkur ot 10 mo 16 macc.% Ni. Teepnoe
CMa304HOE TOKpBITHE OOpa3oBaHO Ha IUIakupyromeM cioe Zn-Ni-crutaBa. KorrtakTHas
NOBEPXHOCTb, Ha KOTOpPOW o0Opa3oBaH IUIakupyrommi ciaoi  Zn-Ni-cruaBa, sIBIsS€TCS
oTULTN(OBAHHOM. Tenepn cpenHeapudmeTnieckas LIEPOXOBATOCTh MOBEPXHOCTHU
miakupyoomero ciost Zn-Ni-criaBa, U3MepeHHasl ¢ HCIMOJIb30BAHUEM JIa3€PHOIO MUKPOCKOIA
BJOJIb HAIPABIEHMs, B KOTOPOM OTLUIM(OBAHA KOHTAKTHAS TOBEPXHOCTb, OMPEAENSIeTCS Kak
Ral. U cpenneapudpmeTnueckass MEpOXOBATOCTb KOHTAKTHOW TIOBEPXHOCTH, H3MEpPEHHasl C
UCIIOJIb30BAHUEM JIA36PHOIO MHKPOCKOIA BJIOJIb HANPABJICHUS HMIIH(OBAHUS, ONMpPEResieTCs] Kak
Ra2. Cpenneapudpmernueckast mepoxosaroctb Ral Bapeupyercs or 0,1 nmo 3,2 Mkm.
Cpenneapudmerndeckas mepoxoBaTocTb Ral siBisieTcst OoJiblieid, yeM cpeaHeapupMeTHIecKast
IepoxoBaToCTh Ra2.

[0017] Criocob u3rotoBiieHust pe3b0OBOr0 COENMHEHUS Uil TPYO COTJIACHO HACTOSIIIEMY
U300pETEeHUIO MPENCTaBIsIeT CO00H crocod Toay4deHus pe3bOOBOrO COEHUHEHHs A TPyoO,
BKJIFOYAIOLIETO HUMIETh U My(Ty, B KaKIOM Cly4ae HMEIOLINX KOHTAKTHYIO MOBEPXHOCTb,
comepKamyr pe3bOoBoii yuacTok. Croco® M3rOTOBIEHMS BKJIIOYAET 3Tanm 00pa30BaHUs
IUIaKupyromero cinost Zn-Ni-cruiaBa U 3Tan o0pa3oBaHUs TBEPIOTO CMa304HOrO MOKpbITHA. Ha
sTane oOpa3oBaHMs TUIAKHPYOIIEro cjos Zn-Ni-cruiaBa IJIAKUPYROIUN ciioil Zn-Ni-crasa
(bopMHUPYIOT B MpoLecCe SMEKTPOJUTHUECKOTO MJIAKMPOBAHNS HA KOHTAKTHOH MOBEPXHOCTH 10
MEHbBIIEH Mepe ONHOro W3 Hummens U MyQpTbl 0e3 BBIIOJIHEHUS CTPYHHOH 0O0paboTKu.
IMnakupyromuii cioit Zn-Ni-cruiasa cogepskut ot 10 o 16 macc.% Ni. Ilnakupyromuii coi Zn-
Ni-crlaBa  umeer  cpenHeapupMETHHECKyl0  IIepoxoBaTocTh Ral, wu3MepeHHyIO C
UCTIOJNIb30BAHUEM JIa3€PHOTO MUKPOCKOMNA BJOJb HAIMpPABIEHUs, B KOTOPOM OTILIH(OBaHA
KOHTAaKTHasl TIOBEPXHOCTh, W Bapbupytomyocs ot 0,1 mo 3,2 mxm. Ha srtame oOpasoBanwus

TBEPAOTO CMa30YHOIO MOKPBITHSI TBEPAOE CMAa30YHOE TOKPBITHE (POPMUPYIOT HA MJIAKUPYIOLIEM



cinoe Zn-Ni-craBa 6e3 BBIOTHEHUs CTPYHHON 00paboTKu.

IMPEUMYIIECTBA U30BPETEHU A

[0018] Pe3pboBoe coennueHue st TpyO COTrJIACHO HACTOSIIIEMY H300PETeHHIO HE TOJIBKO
UMeeT NPEeBOCXOAHOE COMPOTUBIICHHUE 3aeIaHUI0, KOTOpOe He TpedyeT cTpyHHOI 00padoTKH, HO
ABIIIETCS TaK K€ MPEBOCXOAHBIM, KaK CONPOTHUBIEHHE 3aelaHuI0, oOecreunBaeMoe CTpyHHON
00pabOTKOM, HO ¥ MaJIbIil KPYTSIIIUI MOMEHT Ha 3aIjIeYlKe, 1axe P MOBTOPHOM 3aTSTMBAHU U
u ocnabnenun. Pe3pOoBoe coenmHeHue Aisi TpyO MOJIy4aeTcsi ¢ UCTIOIb30BAHUEM OMHMCAHHOTO
BbIIIIE CTIOCO0A U3rOTOBJICHHSI.

KPATKOE OITMCAHUE YEPTEXENU

[0019]

[®UT. 1] ®UT. 1 npencrapisieT rpapuk, WUTOCTPUPYIOIIUNA B3aHUMOCBSI3b MEKIY
YUCJIOM O0OpPOTOB pPe3bOOBBIX YYACTKOB pPe3bOOBOrO COENMHEHUsS sl TPyO, HMEIOIIHNX
3aTUIEYMKOBBIC YYACTKH, U KPYTSIIHM MOMEHTOM, KOT/Ia 3aTSTHBAIOT Pe3b00BOE COESAMHEHUE IS
TpyO.

[®UT. 2] ®UI'. 2 mnpencrapisieT rpaduk, WUTOCTPUPYIOIIHUNA B3aMMOCBSI3b MEKIY
YHCJIOM IMKJIOB 3aTSTMBAaHUS Pe3bOOBOrO COEAMHEHHWs IJIsi TPYO M KPYTSIIMM MOMEHTOM Ha
3aruteunke (%).

[®UT". 3] ®UT'. 3 mpencraBisieT CXeMy, WUTIOCTPUPYIOLTYIO KOHPUTYpALHIO pe3b00BOTO
COEAMHEHUs UL TPYO COTIACHO HACTOSINEMY BaPUAHTY OCYILECTBIICHHS.

[®UT. 4] ®UI'. 4 mpexacraBisieT BUA B paspe3e pe3bOOBOrO COSNMHEHUs st TPYO
COIJIACHO HACTOSALIEMY BapUAHTY OCYLIECTBIICHHUS.

[®UI". 5] ®UI'. S5 mpencraBisier BUA B pa3pe3e KOHTAKTHOW MOBEPXHOCTU Pe3bOOBOTO
COEMHEHUs IS TPYO COTJIACHO HACTOSILIEMY BAPHAHTY OCYIIECTBIICHUS.

OITMCAHUE BAPUAHTOB OCYIIECTBJIEHUA U305PETEHU A

[0020] Huxxe Oyner mompoOHO ONMUCAH HACTOSLINIA BAPHAHT OCYLIECTBICHHS CO CChLUIKOM
Ha 4yepTexku. OQUHAKOBBbIE AJIEMEHThI WM COOTBETCTBYIOIIHE BJIEMEHTBI HAa YepPTEKaxX HUMEKOT
OITHY U TY K€ CChUIOYHYIO MO3ULIUIO U HE OyIyT MOBTOPHO OIMUCAHBIL

[0021] ABTOpBI HACTOALIETO H300PETEHHs MPOBEIH MHOTOOOpPAa3HbIe MCCIEAOBAHMS
B3aUMOCBSI3H MEXIy CTPYHHOH OOpabOTKOM M CONPOTUBIICHHEM 3a€JaHHI0 Pe3bOOBOTO
COEIUHEHHUS Ui TPYO U KPYTSIIUM MOMEHTOM Ha 3aIljIeurKe, KOTOPbIi BO3HUKAET B Pe3bOOBOM
coennHEHUN Ui TpyO. B pesyibraTre 3TOro aBTOPHI HACTOSINErO H300PETEHHS MOJIYUHIIH
CIIeYIOIHE BbISIBJICHHbIE (DAKTHI:

[0022] [uekoBBIH (Zn) TMIAKUPYIOIIUN CJOW TOBBINAET AHTUKOPPO3HUOHHBIE
xapakTepucTuku. OMHAKO IUHKOBBIA IJIAKUPYIOUIUH CJIOW nMeeT Oojiee HU3KUE TBEPHAOCTb U
TEMIIEpaTypy IUIABJICHHs, Ye€M TBEPAOCTb M Temmeparypa miasieHuss wmemaaoro (Cu)
IUIAKUPYIOIIETO CJIOsl, MPHUMEHSEMOro B KadecTBE IUIakupyromero cnos. HMcxoms w3
BBIIICOMMCAHHBIX ~ MPEONOCBHUIOK,  aBTOPbl  HACTOSIIEr0  W300peTEeHUsT  HMCCIeIOBAJIH
IJAKUPYIOLIUN CJIOW LMHKOBOIO CIUIABA, KOTOPBIN SBJAETCS NPEBOCXOAHBIM B OTHOLIEHUU
AHTHUKOPPO3UOHHBIX XapaKTEPUCTHK U MMEET BBICOKYIO TBEPAOCTb M BBICOKYIO TEMIIEPaTypy

miaBjieHus. B pesynbTare aBTOpbI HACTOSINETO HM300pETEHHs HAILIM, 4TO 0Opa3oBaHuUE



akupyrommero ciosi Zn-Ni-crmaBa, copepskamero ot 10 mo 16 macc.% Ni, mosslmaer
CONPOTHBJIEHHE 3a€NaHUI0 HapsiAy C VYIYYIIEHHEM AaHTUKOPPO3UOHHBIX XapaKTEPUCTHK.
ITnaxupyrommii cno Zn-Ni-crumasa, conepskanuii or 10 no 16 macc.% Ni, nMeeT 10CTaTOYHO
BBICOKYIO TBEPAOCTb CpaBHUTENBHO ¢ Cu, U ropasfo Oosee BHICOKYIO TEMIEPATypy IJIaBJIEHUS,
yeMm Zn. IlosTomy mmakupyroutuii cioi Zn-Ni-cmuiaBa, copepxxamuii ot 10 no 16 macc.% Ni,
MOJKET IOBBIIIATH COMPOTUBIICHUE 3a€1aHUIO.

[0023] ITareHTHBIH HOKYMeHT | ommChIBaeT, 4To (YOPMHUPYIOT IUIAKHPYIOLIMH CIIOH Zn-
Ni-criaBa, W Ha IulakupyromeM cioe Zn-Ni-cruaBa (GOpMHUPYIOT CMa304HOE TOKpPBITHE.
ITaTeHTHBIN TOKYMEHT 2 He pacKpbIBaeT IIakupyouuii cioit Zn-Ni-criaBa, HO ONMUCHIBAET, YTO
(OPMHUPYIOT MUIAKUPYIOMUN CJIOH, M HA IJIAKHPYIOLIEM Clioe (GOPMHPYIOT TBEPAOE CMA30uHOE
TIOKPBITHE.

[0024] Hampuwmep, IlarentHerii mokymeHt 1 B ab3ame [0160] onmcbBaer, dTO
NECKOCTPYHHYIO O0O0pabOTKy BBIMOJHAIOT HAa METAJUINYECKOM IOKPBITHH JUIS TTOBBIIICHHUS
aire3NOHHON CIIOCOOHOCTH CMA30YHOIO MOKPBITHSI HA METAIIIMYECKOM MOKPBITHH. Kpome Toro,
[TatentHbnii nokymenT 1 B abzame [0164] ommchiBaeT, 4YTO MECKOCTPYHHYK 00paboTKy
BBIOJIHSIOT TEpel TeM, Kak O0pa3oBaHO METAUIMYECKOE TIOKPBITHE, W METAJUINYECKOe
NOKpBITHE (POPMUPYIOT HAa MOABEPTHYTOH CTpyHHOH 00paboTke mosepxHOCTH. Kpome Toro,
ITarenTHbIN qOKyMeHT 2 B ab3are [0026] onmuckiBaeT, 4To APOOECTPYHHYIO WIIH MECKOCTPYHHYIO
00paboTKy MPOBOIST Tepen OOpa30BaHHEM TBEPAOTO CMAa304YHOTO IMOKPBITHS IJIsI CO3MaHUs
HaJUJIesKalel CTeneH! OBEPXHOCTHON LIEPOXOBATOCTH AJIS MTOBBIIEHUS] TPOYHOCTH CLIETUICHHS
TBEPJIOTO CMa30YHOT'O OKPBITHUS.

[0025] B cnyuae, rae Iutakupyromuid ciaok (GopMHUPYIOT Ha MOBEPXHOCTH Pe3bOOBOTO
COeNMHEeHus! 11 TPyO, U CMa304yHOe MOKphITHE (HOPMHUPYIOT HA IUIAKHPYIOIIEM CIIO€, MOKET
BBINOJIHATBCS CTPyIiHAss 0O0paboTka, Kak PacKpbITO B JTOKYMEHTAax YpOBHs TexHHKH. [losTomy
MOXKeT ObITh MOBBIIIEHA aIM€3MOHHAS CTIOCOOHOCTh CMA30YHOT0 TOKpbITUS. B pesynbrarte sTOro
MOJKeT OBbITh MOBBIIIEHO COMPOTHBIEHHE 3aeNaHUI0 Pe3bOOBOro coequHeHus: st Tpyo. B
HACTOSIIEM OMHCAHUU CTpyHHas 00paboTka MmoapasyMeBaeT MEeCKOCTPYHHYIO, IpoOecTpyHyrO
00paboTKy U 0OOAYBKY METAJUIMYECKOU KPOIIKOM.

[0026] Crpyiinyro 00paOOTKy HPOBOIST B HEKOTOPBIX Cy4asx mepen oOpa3oBaHUEM
IUTAKUPYIOLIETO CJIOS, U B JIPYIHX CIy4asx mocie oOpa3oBaHUs IUIaKupyromero cios. s
BBINTOJIHEHHSI CTPYHHOH 00paboTku mepen oOpa3oBaHUEM IUIAKHUPYIOIIErO CJIOSl CTPYHHYHO
00paboTKy MPOBOIAT HEMOCPEACTBEHHO HA KAKIOW M3 KOHTAKTHBIX MOBEPXHOCTEH, TO €CTh, HA
NOBEPXHOCTH 0a30BOro MaTepuana. IIoBepXHOCTHASI IEPOXOBATOCTh, CO3IaHHAsI HA KOHTAKTHON
MOBEPXHOCTH, 1O HEKOTOPOHW CTENEeHW CHUKAETCSl BCIENCTBHE OOpa30oBaHMS IUIAKUPYIOLIETO
CJIOSI HA KOHTAKTHOH MOBEPXHOCTH, HO TAKXKe COXPAHSETCS] Ha MOBEPXHOCTH IUIAKUPYIOLIETO
cnosi. IloBepXHOCTHasi IIEPOXOBATOCTh HA TIOBEPXHOCTH IUIAKUPYIOWIETO CJIOS MOBBIAET
MPOYHOCTH CIETUIEHUSI CMa304YHOTO IMOKPBITHS ¢ TUIakupyromuM cioeM. Tabmuna 1 B [TareHTHOM
IOKyMeHTe | pacKpbIBaeT, YTO IMOBEPXHOCTHAS MIEPOXOBATOCTb CHIDKAETCS INPH THIIUYHOM
3JIEKTPOJIUTUIECKOM TUIAKUPOBAHHH.

[0027] [na BeIMONHEHMs CTPYHHOM 0OpaloTKM mociae TOro, Kak oOpa3oBaH



TUTAKUPYIOIINHN CJIOH, CTPYHHYI0 00pabOTKy IMPOBOISAT HA MOBEPXHOCTH IUIAKHPYIOLIETO CIIOS.

[0028] C npyroil CTOpOHBI, aBTOPBI HACTOSINETO HM300PETEHUs MNPENIONOXKHIIN, YTO
IIOBEPXHOCTHAsI LIEPOXOBATOCTb, TPAIUIMOHHO CcO37aBaeMas B JBa OJTama, CTPYHHOH
0o0paboTkoii U 00pa3oBaHMEM IUIAKUPYIOIIErO CJIOS Ha TOABEPTHYTOH CTpyiiHON oOpaboTke
NOBEPXHOCTH, M  CTPYyHHOW 0OpabOTKOH, BBINOJHAEMOH Ha IUIAKHPYIOIIEM  CIIOE,
IPEANOYTUTENIBHO CO3/1aeTCs TOJIBKO HA OTHOM 3Tare 00pa3oBaHus ITAKUPYIOIIETO CIIOSL.

[0029] Bomee KOHKPETHO, aBTOPbI HACTOSLIETO H300pPETEeHHs NPENNOIOKWIN, YTO
COMPOTUBJIEHUE 3AENaHUI0 PE3bOOBOrO COEMUHEHUs Al TPyO MOXKET MOANEP’KUBATHCS OoJiee
yIIOBJIETBOPUTENILHO, JAXKe €CIM CTpyiHas oOpabOTKa He BBIMOJHSETCS. ABTOPBI HACTOSIIErO
u300peTeHNs] UCCIIEAOBAIM CIMOCOO TMOBBIMEHHUS] COMPOTUBICHUS 3aelaHUI0 Pe3bOOBOro

COEAMHEHUs I TPYO MOYTH O PABHOTO CONMPOTUBIICHHIO 3a€aHUI0, CO31aBAEMOMY CTPYHHOM

00paboTKOM, nake eciu CTpyiHas 00padoTKa HEe MPOBOIUTCS.

[0030]
[Tabauma 1]
TABJIULIA 1
Howmep |Humnmens |Mydra Comnporusnenn
ucnbita |[Inaxupyto |IIpensapure |Cpenneapud | Cpenneapud | Tepmoe e 3a€eJaHUIO
HUS 1mast JbHAS METHYECKasl |MeTHYecKasi | CMa3o4yHoe | (UHCIO LIMKJIOB
oOpaboTka |00paboTka |MIEPOXOBATO |INEPOXOBATOC | MOKPHITHE | 3aTATMBAHUS U
Zn-Ni- CTh Ra2|Tp Ral (Mxm) ociabnenus,
CIIAaBOM (MKM) IUTAKUPYIOLIEe KOTOpOE
KOHTaKTHOM |ro cjost Zn- BBI3bIBAJIO
noBepxHocT |Ni-crutaBa 3aenaHue)
u
2 BbITONH | poBonmiu | 0,061 0,276 obpazosan | 10
U g oBaHU 0
e, u
OCTaBJISLIIH
KaK eCTh
Kontpo |Bemonnsn |mpoBogunu |2,700 2,680 obpazoan | 10
JbHBIA (U g oBaHU 0
puUMep e u
MECKOCTPYH
HYIO
00paboTky

[0031] Tabauua 1 mpencrasisier co0oit TabJUIy, TOKA3bIBAOIIYIO YaCTh OMUCHIBAEMbBIX

Hwke Ilpumepa m KonrponsHoro Ilpumepa. Co ccpuikoit Ha Tabmuuy 1, B KonTponbHOoM



ITpumepe my@ra ObUta MmosydeHa C WCHOJIB30BAHMEM CTaHAApTHOro cmocoba. To ecthb, mocne
TOTO, KaK MEeCKOCTPYHHYI0 OOpaOOTKYy BBITOJHUIN HAa OJHOW M3 KOHTAKTHBIX MMOBEPXHOCTEH,
copMUpOBAITN TTIAAKUH TUIAKUPYIOIIUN ciioi Zn-Ni-cIijiaBa, 1 Ha MIaJKOM IJIAKUPYIOLIEM CJIOe
Zn-Ni-cimaBa cdopmupoBanu Teepaoe cmazodHoe mnokpeitie. B KontponsHom Ilpumepe
oOpa3zoBaHue IUTAaKUPYIOLIETO cnost Zn-Ni-cninasa 00ycnoBUIIO CHIKEHHE
cpenHeapr(pMeTHUECKON EepOXOBAaTOCTH Ra2 KOHTAaKTHOW MOBEPXHOCTH, KOTOpasi COCTABJIsIA
2,700, no cpenHeapupmerndeckoil mepoxosaroctu Ral mmakupyromero cnost Zn-Ni-cruiasa,
KoTopasi cocraBuia 2,680. Pe3rOoBoe coenuHenue s TpyO MMENO BBICOKOE COMPOTUBIICHHE
3aeaHMI0, TOCKOJIBKY  cpenHeapupMeTHyeckass  mepoxoBatoctb Ral — moBepxHOCTH
IaKupyroomero ciost Zn-Ni-crutaBa coxpansuiach mnpu OojybiioM 3Hadenuu 2,680. Bonee
KOHKPETHO, 3aTSATUBaHKE U OCIa0IeHue MOKHO ObLI0 TOBTOPATE 10 pas, mpekie 4eM BO3HUKAIIO
3aefaHue.

[0032] B cnyuae wuchbITaHuss HOMepP 2 TECKOCTPYHHYIO 00pabOTKy HE MPOBOMMIIH.
IMosToMy cpenHeapudmMeTHdecKkas MIEPOXOBATOCTh Ra2 KOHTAaKTHOUW MOBEPXHOCTH, MMEIOLIEH
KOJOBBI HOMep 2, umena Manoe 3HadeHue 0,061, IlpuumHa 3TOro COCTOMT B TOM, 4TO
KOHTaKTHasi MOBEPXHOCTb Obwia oruutndosaHa. B Hacrosmem onucannu wuMpOBaHNE
NOJpa3yMeBaeT ot OBBIBAHUE st o0Opa3oBaHUs pe3pboBOro yYacTKa.
Cpenneapudmerndeckasi mepoxoBaTOCTh Ra2 KOHTAKTHOW MOBEPXHOCTH TOCHE HUTH(DOBAHUS
uMena Majoe 3HaueHue. B ciydae wucmbpiTaHus HOMep 2 My(Ty HM3TOTOBHIIM CIIOCOOOM,
OTJIMYAIOIIUMCS] OT CTaHAAPTHOro crocoda. To ecTh, mecKoCTpyiHy0 00pabOTKYy KOHTAKTHOM
MIOBEPXHOCTH HE NMPOBOAWIIH, HO C(OPMHUPOBAIN HETIAIKUN TUIAKUPYIOIINH cioit Zn-Ni-cruiasa,
U HAa HErNaJKoM Iulakupyoomem cioe Zn-Ni-cruiaBa cpOpMHUpPOBANN TBEPIOE CMa304HOE
HOKpbITHE. B pesynbrare 3TOro o0pa3zoBaHue HETNIAAKOrO IUIAKUpYroero ciost Zn-Ni-crasa
MOBBICHJIO CpeqHeapru(pMEeTHYEeCKYI0 MIEPOXOBATOCTh Ra2 KOHTAKTHOH MOBEPXHOCTH, KOTOpas
cocraBisuia 0,061, no cpenneapudmerndecko mepoxoaroctd Ral mmakupyromero ciost Zn-
Ni-criaBa, kotopasi coctaBuia 0,276. ConpoTHUBIeHHE 3aeNaHUI0 PE3bOOBOr0 COEMUHEHUS IS
TpyO, HMEIOIIEero KOMOBBIM HOMep 2, ObUIO BBICOKMM. bojiee KOHKPETHO, 3aTSrMBaHUE U
ocinabieHne MOXXHO ObpUI0 TOBTOPSATH 10 pas, mpeknae YeM BO3HUKAJIO 3aeNaHUIO.
ConpoTuBieHNE 3a€aHUI0 B CJIyYae MCIbITAHUS HOMEp 2 ObLIO MOYTH PABHBIM COMPOTHBIICHHUIO
3aenanmo B KonrponpHOM [Ipumepe, B KOTOPOM MPOBOAMIIN MMECKOCTPYHHYIO 00padoTKy .

[0033] OcHOBBIBasiCb Ha OINKUCAHHOM BBIIIE HCCIECIOBAHUM, ABTOPbl HACTOSIIETO
n300peTeHNs OMYYHIIN CIIeAYIoINne OOHAPYKEHHbIe NaHHbIe. TO €CTh, COBEPIIEHHO B OTJINYNE
OT OOLIETPUHSTOrO 3HAHUS, 3 IMEHHO, 00pa30BaHUEM HETJIaIKOTo TUIAKUPYIOLIero cios Zn-Ni-
CIUTaBa, Ja’ke €CJIN MeCKoCcTpyHas 00paboTka He MPOBOAUTCS, 0OECTIEYHBAECTCSI CONIPOTUBJICHHE
3a€aHMI0, TIOYTH PABHOE COMPOTHBIICHHUIO 3a€NaHUIO B CIIydae, I7ie MeCKOCTpyiHas oOpadoTka
BBITOJIHSIETCS.

[0034] Kaxk mnpaBuio, TOCKOJbKY B J€KOPaTHBHbIX BapUaHTax IPUMEHEHMUsI
NPEANOYTUTENEH TPEKPACHbII BHEUIHUII BUJ, BO MHOTUX Clydasx IPUMEHSETCs TJaaKoe
IUIAKMPOBAHUE, HMMEIOINee Majoe KOJIMYECTBO IOBEPXHOCTHBIX HepoBHoOcTel. Kpome Toro,

HEKOTOpPhbIC rjraaKue IJIAKUPYIOIIUE MOKPbITUA MOTYT AOCTUIraTb  AJOMNOJIHUTECJIBbHOI'O



NPEKPACHOTO BHEUIHETO BHAA C TMOMOIIBIO BBIpABHMBAKOLIETO 3¢ (eKTa, KOTOPBIH yMEHbIIAET
HEPOBHOCTH, TaKHE KaK LIAPaI1Hbl Ha TOAJIOXKKE.

[0035] Hanmpotu, aBTOpbI HACTOSINErO M300peTeHMs HALUIM, YTO HETJIAAKHUI
akupyromui cinoi Zn-Ni-crimaBa siBisercst 3QpQeKTUBHBIM B Ciydae, IZle NPUHUMAETCS BO
BHUMaHHE COMpPOTHBIEHHE 3aeNaHuI0 pe3bOoBOro coeamnHeHust st Tpyd. OOpasoBanHue
HETJIAAKOTO IJIAKUPYIOIIEro ¢i1osi Zn-Ni-CruiaBa Mmo3BOJSIeT YBEJIUUUTD CpeaHeapu(PMETHIECKYIO
mepoxoBatocTe Ral makupyromero cinost Zn-Ni-CrutaBa U, B CBOK Oue€pelb, IMOBBICUTH
COMPOTHUBJIEHUE 3aeNaHui0 pe3bdoBOro coemuHeHus st Tpyd. CpenHeapudmeTudeckas
mepoxoBatocTh Ral, co3maBaemasi HErmaAKUM IUIAKUPYIOIIUM cjoeM Zn-Ni-CrijiaBa, CKJIOHHA
OBITh MEHBIIEH, YeM cpenHeapupMeTHyeckas mepoxoBaTtocTb Ral, obecrneunBaemasi Ha 3Tarne
CO3MIaHUsI TOBEPXHOCTHOW INEPOXOBATOCTH, TAKOH Kak MeCKOCTpyhHasi obpadorka. OnmHako
COTJIACHO TIPOBEINEHHBIM aBTOPAMH HACTOSIIIETO HM300PETEeHHs] HCCIIEOBAHMSM, Jaxe
cpenneapudmeTnueckas mepoxoBarocTh Ral, cozmaBaemas HETJIAAKUM IIAKHUPYIOIIUM CIIOEM
Zn-Ni-crjiaBa, MOKET B JIOCTATOYHOW Mepe MOBBIMIATh CONMPOTUBJICHHE 3aeNaHUI0 Pe3bOOBOTO
COEAMHEHUs UTs TPYO.

[0036] Kpome TOro, aBTOpbI HACTOALIETO H300PETEHMs MPENIOJNOMKHIIN, YTO BBICOKAS
IPOYHOCTh CLEIUIEHUS] MEXIY TBEPAbIM CMa30uUHbIM IOKPbITUEM U IUIAKHPYIOLIMM CIIOEM
IpefoTBpallaeT OTAENEeHHE TBEPAOr0 CMAa304YHOro MNOKpbITHs. IlpenorspalnieHne OTAEIEHUS
TBEPJIOTO CMA30YHOTO IMOKPBITHSI MTO3BOJISIET COXPAHSITh BBICOKYIO CMa3bIBAIOIIYIO CIIOCOOHOCTh
Jla’ke MPH MOBTOPHBIX 3aTSATUBAHUM U ocyabiaeHuu. [1osToMy KpyTsmuii MOMEHT Ha 3aIuieuukKe,
KOTOPBII BO3HHUKAET B PE3bOOBOM COCIMUHEHUH Ui TPYO, MOKET YAEp KUBATHCS HU3KUM JaXKe
IPY TIOBTOPHBIX 3aTATMBAHUHU U OCIA0JIEHUH.

[0037] ®UTI'. 2 npencrasnseT rpaduk, WITIOCTPUPYIOLUINI B3aMMOCBSI3b MEXKIY YHUCIOM
LIMKJIOB 3aTSTHBAHUS Pe3bOOBOTO COCAMHEHMS 1A TPYO M KPYTAILIMM MOMEHTOM Ha 3aIljIeYHKe
(%). ®UI'". 2 6puta nostyuena B [Ipumepe, xoTopsiit Oyiet onucan 1mo3xe. Cumson «[1» B GUI'.
2 mpenacTaBiseT Pe3yJbTATh Ui MCIBITAHUS HOMEP 2, KOTOpOe mpencTasiseT codoii [Tpumep
cormacHO u3o0pereHnro. B cimyyae wmcmbiTaHMsT HOMep 2 cpenHeapudmeTrudeckas
mepoxoBatocTh Ral mmakupyromero ciosi Zn-Ni-crutaBa coctasisuia 0,276 mxm. CUMBOJ «p» B
OUI'. 2 mpencraBisieT pe3ysibTaThl IJII MCIBITAHUS HOMEpP 1, KOTOpOe MpeAcTaBisieT COOOH
Kontponeherii [Ipumep. B cnyuae ucnbiranust Homep 1 cpenneapudmerndeckas mepoxoBaToCTh
Ral mnakupyromero cnosi Zn-Ni-crumaBa cocrasysuia 0,056 mxm. Co cepuikoii Ha QUL 2, B
ciydae, rae cpenHeapudmernueckas mepoxoarocTh Ral mmakupyromero ciosi Zn-Ni-criiaBa
SIBJIIETCSI OOJNbIIEH 1O HEKOTOPOH CTeneHH, Kak B [IpuMepe cornmacHo n300peTeHunto, KPyTAIni
MOMEHT Ha 3allUledlMKe MOXKET COXPaHSATbCS HAa HU3KOM YypOBHE JaXke IpU MOBTOPHBIX
3araruBaHud U ocnabnenun. C Apyrod CTOPOHBL, B ciydae, Iae cpeaHeapudmerndeckas
mepoxoBatocTh Ral mnakupyromero cnost  Zn-Ni-criaBa — SIBISIETCS  Majiol, Kak B
CpasaurensHoM [Ipumepe, MOBTOPSIOLINECS 3aTATUBAHIE U OCIA0JeHNE MMOBBIIAIOT KPYTSLIUIA
MOMEHT Ha 3aIlJIeYHKe, W NMPOUCXOIUT 3aeJaHue IPH IATOM 3aTATMBAHUU TAKHUM 00pa3oM, YTO
KOHTAKTHBbIE ITOBEPXHOCTU CTAHOBATCS HE MOANAIOIIUMUCS PEeMOHTY. To ecTh, pe3bOoBoe

coeuHeHHe st TpyO, B KOTOPOM ILJIAKUPYIOLIHH cyioit Zn-Ni-criaBa 1mojx TBepAbIM CMa304HbIM
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MOKPBITHEM HMEET CpeaHeapu(PpMeTHIECKYI0 MIepoxoBaTocTh Ral, KoTopasi sSBisETCs] BBICOKOM
IO HEKOTOPOM CTENEeHU, MOXKET COXPAaHATh KPYTALUM MOMEHT Ha 3aIlUIedHuKe, KOTOPBIH
BO3HHMKAET B Pe3bOOBOM COEAMHEHHUH Ul TPyO, HA HM3KOM YPOBHE, JaXKe KOrja MOBTOPSIFOT
3aTArMBaHue U ocnabieHue.

[0038] Kpome Toro, aBTOpBI HACTOSIIETO H300PETEHUS TPOBENIN UCCIIEAOBAHMS U HAIILIH,
4TO, KOrjga cpenHeapudmMerndeckas MmepoxoBaTocTh Ral MOBEPXHOCTH IUIAKHPYIOIIETO CIIOS
Zn-Ni-crumaBa cocrasisier 0,1 Mkm winm Oonee, rtakupyrowmuii cinoii Zn-Ni-cruiaBa He TOJBKO
MOBBILIAET CONMPOTUBJICHHE 3a€AaHUI0, HO MPEIOTBPALLAETCs] OTAENIeHNe TBEPAOro CMa304HOro
MOKPBITUS, AaKe KOrJa IOBTOPSIOT 3aTsAruBaHue W ociadjeHue, Onaromapsi 4emy JIeTKO
KOPPEKTHPYETCSI MOMEHT 3aTsDKKH. B pesynbrate 3TOro o00ecneuuBaeTcss MPEeBOCXOIHAS
s¢pdexTuBHOCTL 3arsiruBanus. C JAPYroi CTOPOHBI, aBTOPbI HACTOSIIETO H300peTEeHUs
JOTIOJIHUTEIPHO HAILIH, YTO, KOrja cpenHeapudmernyeckas miepoxosaTtocTb Ral cocrasnsier
CBBIIE 3,2 MKM, CHHUYKA€TCSl TA30HEMPOHULIAEMOCTh KaKAOTO U3 0e3pe3b00BhIX METAUTHYECKIX
KOHTaKTHBIX YYaCTKOB (TepMETH3HPYIOLINX Y4acTKOB). llosTomy cpenHeapudpmerndeckas
mepoxoBatocTh Ral cocrasnsier BenuuuHy B quanaszone ot 0,1 1o 3,2 MM.

[0039] Pes3pboBOe coenmHeHME IS TPyO COTJIACHO HACTOSIIIEMY HW300pPETEHUIO,
0o0pa3oBaHHOE Ha OCHOBE OIMMCAHHBIX BbIIIE OOHAPYKEHHBIX (PAKTOB, BKIIOYAET HUMIEIb U
mypty. Kaxnmas nerane w3 Hummens W My(Thl BKJIOYAET KOHTAKTHYIO IIOBEPXHOCTB,
comep Kalnyo pe3pboBoil ydacTok. Pe3spboBoe coenuHeHne ast TpyO BKIIIOYAET IJIAKUPYHOLIHI
cinoii Zn-Ni-crijmaBa U TBepAoe cMa3ouHoe mokpbiTHe. Ilnmaxupyromuii cnoit Zn-Ni-crnasa
00pa3oBaH Ha KOHTAKTHOM MOBEPXHOCTU MO MEHbIIEH Mepe OHOM IeTalu U3 HUMIENs U My(ThI
u comepxkut ot 10 1o 16 macc.% Ni. Ha nnakupyromem cioe Zn-Ni-criaBa 00pa3oBaHO TBEPAOE
cMa304yHOe MOKpbITHe. KOHTaKTHAs MOBEPXHOCTh, HA KOTOPOH 00pa30BaH IIAKUPYIOLIMH CIION
Zn-Ni-criiaBa, siBisieTcsi oTiuIHdoBaHHOW. Tenepp cpenHeapupMeTHyeckasl LIePOXOBATOCTH
MOBEPXHOCTH IJIAKUPYIOLEro ciosi Zn-Ni-CruiaBa, U3MEPEHHasi C UCIOJIb30BAaHHEM JIa3€pHOr0O
MHUKPOCKONA BAOJb HANpPAaBJICHUS, B KOTOPOM OTHUIM(OBAHA KOHTAKTHAS TOBEPXHOCTD,
onpenensiercs kak Ral. U cpenneapudmerrueckas mepoxoBaTOCTb KOHTAKTHON MOBEPXHOCTH,
U3MEPEHHAasl C HCIOJIb30BAHHEM JIa36pPHOTO MHUKPOCKOMA BJOJIb HATPABJICHUS LUTU(OBAHUS,
onpenensiercs: kak Ra2. Cpenneapudmerndeckas mepoxosaroctb Ral Bapeupyercs ot 0,1 no
3,2 wmxm. Cpenneapudmerndeckas mepoxoaroctb Ral — sBusiercs  Oonbimedi, uem
cpenHeapudmeTndeckas MepoXxoBaTOCTh Ra2.

[0040] Pe3pboBOe coemuHeHHe IJisi TPyO COTIACHO HACTOSIIEMY HU300PETEHUI0 HMEeT
HeTJIaAKUH Takupyromui cioi Zn-Ni-criaBa. Tem caMbIM Bo3pacTaer cpeaHeapupMeTHIecKast
mepoxoBatocTh Ral mmakupyromero cnost Zn-Ni-crmaBa. To ecTb, cpenHeapupMeTHyecKast
mepoxoBatocTh Ral mmakupyromero cnost  Zn-Ni-criaBa  siBisieTcss  Oonblued, d4em
cpenHeapudmerndyeckass  IEPOXOBATOCTb Ra2  KOHTakTHOW  moBepxHOCTH.  [loaTomy
YBEJINYUBACTCS a[r€3MOHHAsi CIOCOOHOCTh TBEPAOrO CMAa30YHOIO MOKPBITHS HA TUIAKUPYIOIIEM
cnoe Zn-Ni-crutaBa. B pesynprare 3toro, maxke ecnu CTpyhHas oOpaboTka HE MPOBOAMTC,
MOJKeT OBITh 00ECIIeYeHO CONMPOTHBIIEHHE 3a€aHUI0, TOYTH PAaBHOE BENUYHUHE COMPOTHBIICHHS

3a€laHMI0 B Cllydae, TIJ€ BBINOJNHAETCS CTpyhHas obOpaborka. Kpome Toro, pesnOoBoe
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COEAMHEHHEe JJIsl TPYO COTJIACHO HACTOALIEMY M300PETEHHIO MMEET HU3KHH KPYTAIIUH MOMEHT
Ha 3aIUIeYHKe J1aXke TP MOBTOPSIFOIIMUXCS 3aTSATUBAHUM U ocnabieHny. B HacTosIeM onrcaHuu
mugoBaHue MoAapasyMeBaeT OTHUIN(OBBIBAHHE Ui O0Opa3oBaHUs pe3pOoBOro ydvactka. B
HACTOSLIEM OMHMCAHUU CTpyHHasi 00paboTka moapasyMeBaeT MeCKOCTPYHHYIO, IpoOecTpyiHyro
00paboTKy U 001YBKY METAITHUECKONU KPOLIKOM.

[0041] Cpenneapudmernyeckas mepoxoBaTocTb Ral MOBEPXHOCTH OMMCAHHOTO BBILIE
IIakupyrolero ciost Zn-Ni-cruaBa MoxeT Bapbuposats ot 0,1 10 0,4 Mxm.

[0042] Kpome TOro, ommcaHHas BbIIl€é KOHTAKTHas IOBEPXHOCTb MOXKET BKJIKOYATh
0e3pe3b00BOI MeTaIMYECKH KOHTAKTHBIH y4aCTOK.

[0043] Be3pe3pOOBOI MeTaNTUYECKHT KOHTAKTHBIA Y4aCTOK BKJIFOYAE€T METaJUIMYECKUi
repMETU3UPYIOLINN YYaCTOK U 3aIIJIEYUKOBBIN Y4aCTOK.

[0044] Criocob u3roToBiieHus pe3bOOBOr0 COENMHEHUS JIsl TPYO COTJIACHO HACTOSIIIEMY
U300pETEeHUIO MPENCTaBsieT CO0O crocod monydeHus: pe3bOOBOrO COESAUHEHHs M TPyoO,
BKJIIOYAIOIIEr0 HHINEdb W My(QTy, KaxIbii(-as) M3 KOTOPbIX BKJIKOYAET KOHTAKTHYIO
MIOBEPXHOCTh, COAEpIKalyr pe3pOoBoi ydacTok. Croco0 W3rOTOBIEHMS BKIJIOYAET STall
o0Opa3oBaHUs IUIAKUpYOIEro ciost Zn-Ni-crjiaBa u 3tan o0pa3oBaHHs TBEPAOTO CMa30YHOTO
nokpeitusi. Ha sTane oOpa3oBanus miakupyromero ciost Zn-Ni-crutaBa iakupyoLmui ciaoi Zn-
Ni-crmaBa QopMuPYIOT B mporecce 3JEKTPOJUTHYECKOTO IJIAKMPOBAHUS HA KOHTAKTHOMN
NOBEPXHOCTH IO MEHbLIeH Mepe ONHOW JAeTald M3 HUmmeiass U MyQpTbl Oe3 BbBIIOJHEHHUS
cTpyliHo# obpaborku. [Inakupyromuii cnoit Zn-Ni-cruaBa cogepxur ot 10 no 16 macc.% Ni.
Cpenneapudpmernyeckas mepoxoBarocTb Ral mnosepxHocTH muakupyromero cios Zn-Ni-
CIUIaBa, WM3MEPEHHAas C MHCIIOJb30BAHMEM JIA3€PHOIO MMKPOCKOINA BJOJNb HANpaBJICHUS, B
KOTOpOM OTHLIH(OBaHA KOHTAKTHAsI MMOBEPXHOCTb, Bapbupyercst oT 0,1 no 3,2 mxm. Ha stane
00pa3oBaHusi TBEPIOTO CMA304YHOIO MOKPBITUS TBEPIOE CMA30YHOE MOKpPbITHE (POPMHUPYIOT Ha
akupyromemM cioe Zn-Ni-cruaBa 6e3 BBIOJHEHNS CTpyHHOH 00paboTku.

[0045] B cmocobe wu3roToBjeHHs pPe3bOOBOrO COEMUHEHUs Il TpyO COMIacHO
HACTOSLIEMY M300PETEHUIO HErNAIKUN TUIaAKUpyroIuil cioit Zn-Ni-craBa GopmupyroT 0Oe3
BBITIOJTHEHUSI CTPYIHHOMH 00padoTku. Kpome Toro, TBepaoe cMa304HOe MOKPhITHE (HOPMHUPYIOT HA
HETJIAJKOM IUTakupyroiieM cioe Zn-Ni-crmiaBa 0e3 BbIMoJHEHUsT CTpyHHOM o0paboTku. Crocod
W3TOTOBJICHUSI CO3JIAaeT Pe3b0OBOE COCTUHEHHE IS TPYO, MMEIoIee COMPOTHBIEHHE 3ae1aHuI0,
NOYTH PAaBHOE BEJIMYMHE COIMPOTHBJIEHHUS 3a€JaHUI0 B Cllydae, TJe IMPOBOAMUTCS CTpYHHAsS
00paboTka, 1 UMeoIee HU3KUI KPYTSIIUH MOMEHT Ha 3aIUieurKe Jake MPH MOBTOPSIOIIUXCS
3aTAruBaHUM M ocnabneHnu. B HactosmeM ommcaHUM CTpyHHas oOpaboTKa MOApa3yMeBaeT
NECKOCTPYHHYI0, npobecTpyiiHyr0o 00paloTKy W OOAYBKY METAJUIMYECKOH  KPOIUKOMA.
HampasneHue, B KOTOpPOM KOHTaKTHas [OBEPXHOCTb OTLUIM(OBBIBAECTCS, HA3bIBAETCSI
HampaBlieHueM UUugoBaHUs i 00pa3oBaHUs Pe3bOOBOrO  ydyaCcTKa HAa KOHTAKTHOM
MIOBEPXHOCTH.

[0046] Hmxe OyayT moapoOHO ommcaHbl pe3nOOBOE COeqUHEHWe M TPYyO U crmocod
W3rOTOBJICHUSI PE3b0OBOr0 COSUHEHUS ISl TPYO COTJIACHO HACTOSIIIEMY U300PETEHHIO.

[0047]
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[Pe3pboBoe coenunenue 50 nis TpyO]

Pe3pOoBoe coemmuenue 50 s TpyO Briowaer Hunmenbs 13 u mydty 14. OUL. 3
IIOKa3bIBAET KOHPUrypamuoo pe3pOoBoro coenuHeHuss 50 anst TpyO COIJIaCHO HACTOALIEMY
Bapuanty ucnojHeHusi. Co ceouikoit Ha @UI. 3, pe3bOoBoe coenunenue S0 nis Tpyd BKIFOUAET
cranbHyto TpyOy 11 u coenmuutensublii purunr 12. Hunmens 13 uMeer y4acTok ¢ Hapy KHOM
pe3p0oii, 0Opa30BaHHONW Ha HAPYXKHOW MOBEPXHOCTH W OOpa3OBaHHBIH Ha OOOMX KOHIAX
cranbHOM TpyOBl 11. Mydra 14 mMmMeer y4acTOk BHyTpeHHEH pe3bObl, 0Opa3oBaHHBIH Ha
BHYTpPEHHEH MOBEPXHOCTH, U 00pa30BaHHBIN Ha OOOMX KOHLIAX COEOUHHUTEIbHOrO (urHHra 12.
3arsaruBanue Hunmeneir 13 u wmydrt 14 pgpyr ¢ JApyroMm MO3BOJIIET MPUCOEAHHHTH
coenHUTENbHBIA GUTUHT 12 K KOHIaM cTanbHbIX TPyO 11. C apyroi CTOpOHBI, CyLIECTBYET
pe3pOOBOE COENMHEHHE HMHTErPaJbHOTO THUIA Ui TPYO HE(PTEnpOMBICIOBOIO COpPTaMEHTa
(OCTQG), B KOTOPOM COEIUHUTENbHBIN (GUTHHT 12 HE MPUMEHSIETCS, ¢ OJJHUM KOHIIOM CTaJIbHOM
TpyObl 11, ciayxammM B KadecTBe HUMNMeNs 13, W OpyrMM KOHLOM CTaimbHOH TpyObr 11,
ciykamuM B kadectBe My(Tel 14. Pe3pOoBoe coemuHenne s TpyO COTJIACHO HACTOSLIEMY
BAPUAHTY HCIOJHEHHUST MOXKET OBITh HCIOJB30BAHO KaK B PE3bOOBOM COCAMHEHHWH THUMA C
COEAMHUTENbHBIM (PUTHHIOM, TaK U B p€3b0OBOM COETMHEHUN HHTEIPAIILHOTO THUIIA.

[0048] Hunmens 13 u my¢ra 14 B KaXIOM Cilydyae UMEIOT KOHTAKTHYIO MOBEPXHOCTb,
UMEIOIIYI0 pe3b0oBoii yuactok. ®UILT. 4 mpencrasisier BUI B pa3pe3e pe3bOOBOr0 COSAMHEHHS
50 nns Tpyb cornmacHO HacTosemy BapuaHTy ucnonHeHus. Co ccputkoit Ha @UI. 4, HumnmeNnb
13 Brimouaer ydactok 15 HapyxHOH pe3pObl U 0e3pe3pOOBON MeTajuIMYeCKUd KOHTAKTHBIN
yuacTok. be3pe3p0oBoii MeTayuinyeckuii KOHTAKTHBIM y4acTOK 0Opa3oBaH Ha IepeiHeM KOHIE
Hummnenss 13 ¥ BKIIOYAEeT METAUIMYECKUN YIUIOTHUTENbHBIM y4acTOK 16 W 3amieduKOBBINA
yuactok 17. Mydra 14 Brimowaer ydyactok 20 BHyTpeHHeil pe3bObl u  Oe3pe3pOoBoOM
METaJJIMYeCKUH KOHTAKTHBbIH y4acTok. be3pe3nOoBOIl MeTalIMYecKuil KOHTAKTHBIH y4acTOK
obpasoBaH B My(dre 14 W BKIIOYAET METAJUIMYECKHI YIUIOTHUTENBHBIM y4acToK 19 wu
3aryIeunKOBBIN ydacTok 18. Yuactok, rae Hummnensb 13 u mydra 14 npuxoast B KOHTAKT APYT C
OpPYroM, KOIJa OHM CKpPEIUISIOTCS, Ha3bIBAETCS KOHTAKTHBIMM IOBepxHOCTsMH. bonee
KOHKpPETHO, Koraa Hummenb 13 u mydra 14 3aTsaruBaroTcsi Ipyr ¢ APYroM, 3aIUI€YHKOBBIC
y4acTKu (3aruieynkoBble y4acTku 17 w 18), Merayyimdeckue YIUIOTHUTENbHBIE YYaCTKH
(MeTanMuecKue YIUIOTHUTENbHbIE ydacTku 16 u 19), u pe3pOoBbie yuacTku (y4acTok 15
HApY>KHOU pe3bObl U ydacTok 20 BHYTpEHHEH pe3bObl) MPUXOIAT B KOHTAKT Mexay coboi. To
€CTb, KOHTAKTHblE€ [IOBEPXHOCTH BKJIIOYAIOT 3aIUIEUYUKOBbIE Yy4YaCTKM, MeETaIJINYecKHe
YIUIOTHUTENIbHBIE YYaCTKU U pe3bOOBBIE YHACTKHL.

[0049] XoTs 3TO He MOKa3aHo, pe3bboBoe coenuHeHne SO st TpyO MOKET He BKIIIOYATh
6e3pe3p00BOI METAJUINYECKUH KOHTAKTHBIN Y4acTOK. B 3TOM cilydae KOHTakTHBbIE TOBEPXHOCTH
BKJIFOYAIOT pe3bOOBbIE y4acTKH. bonee KOHKpeTHO, HHUMIenb 13 BKIOYaeT ydacTok 15
Hapy>KHOHU pe3bObpl. MydTa 14 BrFOUaeT ydyacTok 20 BHyTpeHHeEH pe3bObl.

[0050] ©UI'. 5 mpencraBisier BUI B pa3pe3e KOHTAKTHOW MOBEPXHOCTH Pe3bOOBOTO
coenuHenust 50 nnst TpyO COrjlacHO HACTOALIEMY BapwaHTy ocymectsieHus. Co CChUIKON Ha

OUI'. 5, pe3pboBoe coenunenue 50 mia TpyO mMmeeT Iakupyroummii cnoit 21 Zn-Ni-cruiaBa u
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TBEpPAOE CMA30YHOE MOKpbITHE 23, 00pa3oBaHHbIC HA KOHTAKTHOW MOBEPXHOCTH OJHOM Je€Taju
u3 Hunmnesst 13 u mydto 14 1 nmocnenoBaTenbHO OT CTOPOHBI KOHTAKTHOM MmoBepxHOCTH. Temnepb
cpenHeapudmeTnyeckasi MIEPOXOBATOCTb MOBEPXHOCTHU IIakupyromero ciost 21 Zn-Ni-criiasa,
U3MEPEHHAsi C MCIOJb30BAHUEM JIAQ3€PHOIO MHUKPOCKOIA BAOJb HANPAaBJICHUs, B KOTOPOM
oTuunoBaHa KOHTAKTHAs IMOBEPXHOCTb, ompenensercss kak Ral. M cpenneapudmerndeckas
LIEpOXOBATOCTb KOHTAaKTHOM TOBEPXHOCTH, H3MEPEHHas C MHCIONb30BAHUEM JIA3€PHOTO
MHUKPOCKOIA BAOJIb HampaBJICHUs 1 OBaHUS, OTIpeAeseTCs KaK Ra2.
Cpenneapudmerndeckasi mepoxoBaTocTh Ral, korga usMepeHa ¢ MCIOb30BAHUEM JIA3€PHOTO
MHUKPOCKONa BAOJNb HampaBieHus: uumidoBanus, Bapbupyercs ot 0,1 nmo 3,2 Mk
Cpenneapudmernyeckas mepoxoBaTocTh Ral siBisiercst Oomnbiuel, yem cpenHeapupmMeTndeckast
IepoxoBaTocTh Ra2.

[0051]

[CpenneapudmeTndeckas mepoxoBaTocTh Ra2 KOHTAKTHOM MOBEPXHOCTH |

Cpenneapudmerndeckas mepoxoBaTOCTh Ra2 KOHTAKTHON MOBEPXHOCTH, U3MEPEHHAs ¢
UCITIONIb30BAHUEM JIA3€PHOTO MHKPOCKONA BIOJb HANpaBieHUs IIH(OBAHUS, SBJISETCS
MEHbIIEH, YeM cpenHeapudmeTnieckas mepoxoBaTocTb Ral MoBepXHOCTH MIAKUPYIOIIETO CIIOS
21 Zn-Ni-crmaBa, xoTopasi OyAer onmucaHa I1o3Ke, M3MEepeHHast C UCIOIb30BAHUEM JIa3€PHOTO
MHUKPOCKOIIA BIOJb HATIPABJICHUS IITH(POBAHUSL.

[0052] KoHTakTHasi MOBEPXHOCTh MPEACTABISIET COOOM OTHUTM()OBAHHYIO MOBEPXHOCTb.
ITon oruumgoBaHHOW  NOBEPXHOCTBIO  MOAPA3yMEBAETCS  KOHTAKTHAsl  IOBEPXHOCTb,
NOJBEPrHyTast HTH(OBAHUIO AJisi 00pa30BaHMs pe3bOOBOro y4acTKa U OCTaBJIEHHAst Kak ecTb. To
€cThb, OTIUIM(OBAHHAS KOHTAKTHAsl IIOBEPXHOCTb O3HAYAeT KOHTAKTHYIO IIOBEPXHOCTD,
NOABEPTrHYTYI0 MUTM(GOBAHUIO Ui O0pa3oBaHUsl Pe3b0OBOrO y4acTka, HO HE MMEIOINYIO
00pa30BaHHOTO HA HEH MOKPBITHSL.

[0053] OrmandoBaHHYr0 KOHTAKTHYK IIOBEPXHOCTh MOJYHYAKOT IIIH(OBaHUEM
UCXOHOTO MaTepuasiia pe3bOoBoro coemuHeHuss S50 mis  TpyOd ¢  HCHOJIB30BAHUEM
HUTH(OBATBHOTO CTaHKAa WM JIOOOr0 JAPYroro MHCTPyMEHTa ¢ OOpa3oBaHHEM BBICTYIOB M
BraauH mpodmis pe3pObl. [losToMy oOTmIM(OBAaHHAS TOBEPXHOCTh UMEET LITPHUXH,
NPOTSDKEHHBIE 110 HATIPABJICHHUIO HUTU(OBAHUS.

[0054] IIepoxoBaTocTh OTHLIU(OBAHHONW TOBEPXHOCTH IO OCEBOMY HAMPABICHHIO
TpyOBI U IIEPOXOBATOCTh MO HAMPABIEHHUIO HITM(OBAHUS BECHMA PA3IMYAIOTCS MEXKIY COOOIL.
[ITepoxoBaTOCTh MO OCEBOMY HAIPABJICHUIO TPYOBI, KOTOPYIO M3MEPSIOT MOMEPEK OCTABICHHBIX
muOBaHHEM INTPUXOB, HMeEEeT Oojibllee 3HaueHHe. HampoTus, IIEpOXOBaTOCTh IO
HANpPaBJICHUIO MITH(OBAHMS UMEET NCKIFOUNTENbHO HU3KOE 3HAYCHHE.

[0055] CpenneapuMeTHUECKYIO IIEPOXOBATOCTh, ONMHCHIBAEMAasi B JAHHOM OINHMCAHUH,
U3MEPSIIOT Kak cpenHeapu(MeTHdecKyro mepoxoBaTocTh Ra Ha ocHoBe cranmapta JIS B0601
(2001). s m3mepeHus MOBEPXHOCTHOM MIEPOXOBATOCTH pe3bO0BOro coenunHeHust S0 mis Tpyo
OOBIMHO TPUMEHSIOT H3MEPHUTENb [IePOXOBATOCTH KOHTAaKTHOro tuma. HW3mepurens
IIEPOXOBATOCTH KOHTAKTHOIO THIIA IPEACTaBisieT CcoOOH, Hampumep, HpOPUIOMETD
SURFCORDER SEF-30D mnpoussoactea ¢gupmbl Kosaka Laboratory, Ltd. HM3mepenue c
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MOMOIUBIO HM3MEPUTENs] ILIEPOXOBATOCTH KOHTAKTHOIO THIIA [Aa€T HU3MEPEHHOE 3HAa4YeHUe,
NPEACTABIIIONEe CpeHeapu(PMETHUECKYIO LIEPOXOBATOCTh, KOTOPOE B HEKOTOPBIX CIIy4asix
OKa3bIBAE€TCs MPEBBIIAIONIUM MPAaBUIbHOE 3HadeHue. IlpuumHa 3TOrOo COCTOMT B TOM, 4YTO
U3MEPEHHUE BBINNOJIHIETCSl TOJBKO B OJHOM HAIpPaBJIEHWUU, M HANPABICHUE H3MEPEHUs
KOPPEKTUPYETCsl BU3yalbHO. B 3TOM cilydae MOrpemHoCTb B OTHOUIEHUH YIVIA, MOJ KOTOPBIM
pa3sMeINarT U3MEPUTENb IEPOXOBATOCTH, IPUBOJUT K TOMY, UYTO OCTaBJICHHbIE HITH(OBAHUEM
IITPUXU HEXKEJIATENbHO H3MEPSIIOTCS Kak cpeaHeapudpmMeTniecKkast HepoxoBaToOCTh.

[0056] TTosTomMy cpenHeapu(pMETHUECKYIO HIEPOXOBATOCTb B HACTOSIIIEM H300pETEHUH
U3MEPSIIOT HE HU3MEPUTENIEM IMIEPOXOBATOCTH KOHTAKTHOIO THIA, a MOCPEACTBOM JIa3€pPHOIO
MHUKpOcKorna. B kaduecTse 1a3epHOro MHKPOCKOIIAa UCIIONB3YIOT JazepHblid Mukpockon VK-X110
npomnsBonctea pupmel KEYENCE Corporation. JlaHHBIE, U3MEpPEHHbIE B Tpeneiax KBaapaTa
BenuuuHOW 1,25 mMm ¢ umaTepBanamu 0,85 Mkm, cobuparor B (opme kapThl. Kpurudeckyro
BEIMYMHY A, W JJUHY H3MEPEHHUs M1 pacdyera KPHBOH IIEPOXOBATOCTH 3aMMCTBYIOT W3
CTaHmapTHbhIX BenuunH B cranmapte JIS B0601 (1994). CpenneapupMeTHIecKyrO
HIepOXOBaTOCTh Ra2 KOHTAKTHONW MOBEPXHOCTU H3MEPSIOT BAOJb HAIMPABJIEHUS, IO KOTOPOMY
oTuunOoBaHa KOHTAKTHAsI TIOBEPXHOCTh. «Baonp HampaeneHus nuMpOBaHU) MOAPA3yMEBAET
BIOJb HANPABJICHUS MAPAJUICIBHO OCTABJIEHHBIM HIIM(QOBAHHMEM IITPUXaM Ui OOpa3OBaHUS
pe3pboBoro yuacrka. HampaeineHune mnapamieNlbHO OCTaBIEHHBIM NUTH(OBAHHEM IMITPUXaM
JOMyCKaeT morpemHoctd B +0,5 rpagyca mpu JOMYIIEHWH, YTO HAMNPABICHUE MapajuIeIbHO
OCTaBJICHHbIM HUIM(OBaHUEM IITpUXxaM ompenensercss kak 0 rpagycos. Korzma morpemrHocts
coctaByisieT cBelme +0,5 rpagyca, cpenHeapupMeTHUEcKas IIEPOXOBATOCTh Ra m3mepsercs c
Oonpuol omubOkol. B HacTosmeM BapHaHTe HCIOJHEHUS MIEPOXOBATOCTb, OOYCIIOBJIEHHAS
OCTaBJICHHBIMHU LUTN(OBAHUEM LITPUXAMH, HE U3MEPsSIeTCs KaK LIEepOXOBATOCTh MTOBEPXHOCTH, U
TEM CaMbIM MOBEPXHOCTHAsl LIEPOXOBATOCTb u3Mepsiercsi Oosnee TouHo. Hampasienwe, B
KOTOPOM M3MEPSIIOT IIEPOXOBATOCTb IIOBEPXHOCTH, OIPENENAIOT Ha OCHOBE pe3ysbTaTa
KapTUPOBaHUsI, HAOJIFOaEMOTO C TIOMOLIBIO JIA3EPHOT'O MUKPOCKOMA.

[0057] B HacTosilmeM BapuUaHTE WCIOJHEHUS TUTAKUPYIOMMKA cioit Zn-Ni-criiaBa
(OpMHUPYIOT Ha KOHTAKTHOH moBepxHOCTH. [TosTOMY CpemHeapudmeTrndeckas ImepoXOoBaTOCTh
Ra2 KOHTaKTHOW MOBEPXHOCTH TAKXKE MOXKET ObITh U3MEPEHA KaK MIePOXOBATOCTh KOHTAKTHON
MOBEPXHOCTH TMOCJIE TOTO, KaK TUIAKUPYIOIMUN cioi Zn-Ni-crjaBa Ha KOHTAKTHOM MOBEPXHOCTH
orneneH ot Hee. [Inakupyroumuii cioit Zn-Ni-criaBa Ha KOHTaKTHOH MOBEPXHOCTH OTAENSIFOT C
UCTIONIB30BAHUEM COJITHOM KHCJIOTBL, K KOTOPOH 10OaBJIEHO Haasexaliee KOJIUYECTBO
HUMEIOIIErocst B MPOaXKe Ha PbIHKE MHrUOWTOpa KOppo3uu. IMEroImuiics B Mpoaake Ha PbIHKE
UHTUOUTOP KOPPO3UH MPEACTABIACT COOON, HapUMep, MPOAYKT noa HanMeHoBaHueM Ibit 710
npoussoacTsa Gpupmbr ASAHI Chemical CO., LTD.

[0058]

[[Inakupyrouuii cioit 21 Zn-Ni-cnasa]

ITnakupyrommii cnoit 21 Zn-Ni-cruiaBa (GOpMHUPYIOT Ha KOHTAaKTHOW IMOBEPXHOCTHU IO
MeHblIeH Mepe omHoHN neranu u3 Hunmens 13 u mydror 14. Ilnakupyrommii cnoit 21 Zn-Ni-

CIUIaBa MOXeT ObITh 0Opa30BaH Ha KOHTAKTHBIX MOBEPXHOCTSX Kak HUmmnems 13, Tak u MyQThI
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14. Tlnakupyromuii cmoit 21 Zn-Ni-cruiaBa MokeT ObITh 00pa3oBaH TOJIBKO HAa KOHTAKTHOH
MOBEPXHOCTH HHUIIENS 13 MM TOJNBKO Ha KOHTAKTHOW TOBEPXHOCTH My(pTHI 14.

[0059] Ilnakupyromuii cmoit 21 Zn-Ni-craBa npencraBisieT coOOH HaHECEHHBIH
3JIEKTPOJIUTUYECKUM INIAKUPOBAHUEM CJIOH, cocTosmui u3 Zn-Ni-crinasa. [lnakupyrommii cioi
21 Zn-Ni-criaBa UMeeT BBICOKYIO TBEPAOCTb M BBICOKYHO TEMIIepaTypy IUiaBieHus. B ciyuae,
rie rakupyomui cioit 21 Zn-Ni-criaBa UMeeT BBICOKYIO TBEPAOCTD, IUIAKUPYIOLINI CION Ha
KOHTAKTHOW TOBEPXHOCTH €ABA JIU MOBPEKAACTCA MNPU MNOBTOPSIOIIUXCS 3aTATMBAHUU U
ocnabnenuu. Kpome Toro, B ciydae, rue riakupyromuil cioi 21 Zn-Ni-criaBa ©MeeT BBICOKYIO
TeMIepaTypy IUIaBJIEHUs, IUIAKUPYIOIIUN CJIOH eABa JM paclUIaBisAseTCs, KOrAa IpuU
MIOBTOPSIFOLIMXCSI 3aTSITMBAHUU U OCIa0JIEHUN BO3HUKAET JIOKAJIbHOE TOBBILICHUE TEMITEPATYPhI.
ITosToMy BO3pacTaeT CONMPOTUBIIEHUE 3aeAaHu0 pe3bboBoro coenuHenus: SO mis Tpyo. Kpome
TOrO, TOCKOJBKY Zn, conaepkauuiics B muakupyromeM cioe 21 Zn-Ni-crinasa, sBisieTcs
0a30BbIM METAJUIOM, IMOBBIIIAETCS CIIOCOOHOCTH pe3bboBOro coemuHeHuss S0 nans Tpyd
IIPOTUBOCTOSITH KOPPO3HH.

[0060] Conep>kanue Ni B Zn-Ni-cruiaBe, U3 KOTOPOTO COCTaBJICH IUIAKUPYIOIUN Ciioi 21
Zn-Ni-cninaBa, Bapbupyercsa oT 10 go 16 macc.%. OmnucaHHbIfi Bblllle KOMIO3ULIMOHHBIN
IuanasoH o0yCIOBIMBAET TO, 4TO Zn-Ni-CIlaB UMeeT MOYTH OAHO-Y-(Pa3HYI0 MHUKPOCTPYKTYPY.
KondurypupoaHHslil Takum o0pa3oM ruakupyromuii cior 21 Zn-Ni-crijaBa uMeeT He TOJIbKO
CIOCOOHOCTh MPOTHUBOCTOATh KOPPO3UH, HO M BBICOKYIO TBEPIOCTb M BBICOKYIO TEMIEpaTypy
IJIaBJICHUSI.

[0061] [IlpenmouturenpHas TOJNIIMHA IUlakupyromero cios 21 Zn-Ni-cruiaBa
Bappupyercsa ot 1 1o 20 mxm. Koraa nnakupyromuii cioii 21 Zn-Ni-ciiaBa uMeer Tonuuny 1
MKM HJH 00Jiee, MOTYT OBITh AOMOJIHUTEIBHO CTAOMIIBHO MOBBILIEHBI CONPOTHBIICHUE 3aeJaHHUIO
U CrIOCOOHOCTh MPOTHUBOCTOSITH KOPpO3MHM pe3pdoBoro coemmHenuss S50 mia Tpyd. Korma
akupyomui cinoit 21 Zn-Ni-cruaBa umeer TonmmuHy 20 MKM Wi MeHee, Oosee cTaOuiibHON
SIBJISIETCS.  a[IT€3MOHHAsl CIOCOOHOCTh IUIakupyroiiero cioss 21 Zn-Ni-criaBa. ITTostomy
NPEANOUTUTENbHAS TOJIHHA Makupyroero cios 21 Zn-Ni-crimaBa Bappupyercst ot 1 go 20
MKkM. [Inakupyrommii cioii 21 Zn-Ni-crijjaBa MOXKET UMETh TOJIIUHY, KOTOpas He HaXOIUTCS
BHYTPHU 3TOro auarnaszoHa. HuxHUI npenen ToNMUHBI Miakupyrouero ciost 21 Zn-Ni-crinasa
OoJiee MPEANOUTUTENBHO COCTABIISIET 3 MKM, eme Ooyiee MPEANOuTUTENbHO 5 MKM. BepxHuii
npenes TONUHBI Iakupyromero ciost 21 Zn-Ni-crjaBa 0oyee MpenrnouYTUTEIbHO COCTABIISIET
18 MxwMm, emie 6oree mpeArnouTUTENBHO 15 MKM.

[0062]

[Cpenneapudmerndeckasi mepoxoBaTocTh Ral moBepXHOCTH Iiakupyromero ciost 21
Zn-Ni-craBa|

Cpenneapudmerndeckas mepoxoBaTocTh Ral moBepxHOCTH MIakupyromero cjios 21 Zn-
Ni-crimaBa, M3MepeHHasl ¢ TOMOIIBIO JIA3€PHOTO MUKPOCKOIA B/IOJIb HANIPABJIEHUS HUTH(OBAHUS,
sBisieTcss  Oonbimed, YeM cpegHeapupMeTHdyeckass IIepoxXoBaTocTh Ra2  KOHTaKTHBIX
nosepxHocTell Hunmenss 13 u MydrTol 14, n3MepeHHas ¢ MOMOIIBIO JIA3€PHOTO MUKPOCKOMA

BIOJb HampasieHus nuindosanusa. CpenHeapupmernueckas LepoxoBarocTb Ral, Oyayum
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U3MEPEHHON C MIOMOIIBIO JIA3€PHOI0 MUKPOCKOIA MO HANpPaBIEHUIO UUTH(OBAHNUS, BAPbUPYETCS
ot 0,1 10 3,2 MKM.

[0063] Korma miakupyromuii cioii 21 Zn-Ni-crutaBa umeer cpenHeapupMeTHUecKyro
mepoxoBaTocTh Ral, Bapeupyromytocs ot 0,1 no 3,2 MM, 0OyCIIOBIEHHBIN IEPOXOBATOCTHIO
3¢ eKT CuerIeHNs MOBBILIAET aAr€3UOHHYIO0 CIIOCOOHOCTh TBEPAOIO CMAa30YHOIO MOKPHITHA 23.
Korzaa Bo3pacraer aare3noHHast CiocOOHOCTh TBEPAOTO CMA30YHOI'O TOKPHITHS 23, MOBBIIAETCS
COIPOTHBJIEHHE 3aeqaHuI0 pe3bboBoro coeaunenus S0 s Tpyd. Kpome Toro, kornma Bo3pacraer
aire3UOHHAs CIIOCOOHOCTh TBEPAOTO CMAa30YHOTO MOKPBITUS 23, TaKXKe MOXKET MOAAEP KUBATHCS
HA HU3KOM YPOBHE KPYTSIIHMI MOMEHT Ha 3aIUIeHuKe MPU 3aTATUBAHUM.

[0064] B cnyuae, rae cpenneapudmerndeckas mepoxoBaTocTb Ral cocraBisier MeHee
0,1 mkwm, omucaHHble Bbile 3pdexkThl He mposBisiFoTcs. C APyroil CTOPOHBI, B Cliydae, IJie
cpenneapudmerndeckas ImepoxoBatocTh Ral cocraBisier cBbilie 3,2 MKM, CHUXKAETCS
ra30HETNPOHULIAEMOCTh KKAOrO M3 0e3pe3b0OBBIX METAUTMYECKUX KOHTAKTHBIX YYaCTKOB
(repMmerTmzupyrOmmx y4actkoB). llostomy cpemHeapudmerudeckass ImepoxoBarocTh Ral
cocTaBJisIeT BenuuuHy B quanasone ot 0,1 1o 3,2 mxm. CpenneapudmeTnyueckas mepoxoBaToCThb
Ral moxer Bappuposats ot 0,1 10 0,4 MkMm.

[0065] CpenneapudmeTnyeckas mepoxoBaTocTh Ral MOBEPXHOCTH MIAKUPYIOLIETO CJIOS
21 Zn-Ni-crraBa MoOkeT OBITh H3MEpeHa TaKHM JK€ CIHOCOOOM, KakUM H3MEepSIeTCs
cpenHeapudmeTnyeckas MepoOXoOBaTOCTh Ra2 KOHTAKTHON MOBEPXHOCTH.

[0066] B HacTosiimeM BapuaHTE HUCIOJHEHHs] 0Opa3OBaHME HETJIAJKOro IUIAKUPYIOLIETrO
cnost 21 Zn-Ni-crlaBa o0ecrnednBaeT BO3MOXKHOCTb TOTO, YTO CpenHeapupmerndeckas
mepoxoBaTocTh Ral moBepxHocTn muakupyromero ciost 21 Zn-Ni-crinaBa siBisiercst Oonblie,
yeM cpenHeapuMeTHuecKas LIepoxoBaTocTb Ra2 KOHTakTHOH noBepxHOCTU. B 3TOM ciyuae,
Jaxke ecyu CTpyitHas oO0paboTKa He MPOBOAMTCS, MOXKET MOJIy4YaThCsl COMPOTUBIICHUE 3a€AaHUIO,
IIOYTH PaBHOE CONPOTUBIICHHIO 3a€AAHUIO B ClIy4ae, I/ie BBIIOJHAETCS CTpyiiHas oOpadoTka.

[0067]

[TBeproe cma3ouHOE MOKpbITHE 23 ]

Teepnoe cma3ouHoe mMOKpbITHE 23 (OpMHUPYIOT Ha TuakupyroomeM ciaoe 21 Zn-Ni-
CIUTaBa, UMEIOIIEM cpenHeapudMeTudecKyro epoxoBaTocTh Ral, Bapeupyromytocs ot 0,1 mo
3,2 mkMm. ITockonbky muakupyromuii cioii 21 Zn-Ni-crutaBa umeer cpeaHeapupMeTUIecKyro
mepoxoBatocte Ral, Bapeupyromyrocs ot 0,1 mo 3,2 MKM, SBJISE€TCS BBICOKOH MNPOYHOCTH
CLEIJICHUSI MeXy Takupyroumm cioeM 21 Zn-Ni-crijaBa u TBEpAbIM CMa304YHBIM MTOKPBITHEM
23.

[0068] Teepmoe cMa304HOE MOKPBITHE 23 TIOBBINAET CMAa3bIBAEMOCTh PE3HOOBOTO
coenuaeHust 50 must TpyO. B kawdecTBe TBEpPIOro CMAa30YHOIO TMOKPBITHS 23 MOXET OBITh
UCTIONB30BAaHO OOIIEN3BECTHOE TBEPAOE CMa30uHOE MOoKpbITHe. Hampumep, TBepaoe cMa3odHoe
MOKPBITHE 23 COAEP>KUT 4YaCTULbI CMA304YHOIO MaTepuallia U CBSA3YKOLIUN MaTepuan. Teepnoe
CMa304HOE MOKpbITUE 23 MOXKET COAEepKaTb PACTBOPUTEIb W APYTHE€ KOMIIOHEHTBI, Kak
norpedyeTcs.

[0069] UYacTuipl CMa304HOrO MaTepuaja CHIDKAIOT KO3(pQPUIHUEHT TPEeHUs Ha
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MOBEPXHOCTU TBEPAOrO CMA304YHOrO MNOKpbITHs 23. YacTuupl CMa304HOrO MaTepuana He
OrPaHUYMBAIOTCS KOHKPETHBIMH YaCTHLIAMH, M MOTYT OBITh JIIOOBIMH YaCTHIIAMU CMa304YHBIX
MaTepHajoB, HMMEIOLUIMMH CMAa3bIBAIOLIYIO CIIOCOOHOCTh. Hampumep, 9acTHIbl CMa304HOTO
Marepuaja MOTyT OBITh YaCTMLAMHU OAHOIO HJIM MHOTHX THUIIOB, BBIOPAHHBIMH W3 TPYIIIbL,
cocrosiei u3 rpadura, MoS, (aucynbduna monudbnena), WS, (nucynsdpuna Bonsppama), BN
(autpuna Oopa), PTFE (momuterpadropatunena), CFy (ptopuma rpadura), u CaCOs
(xapOonata kampiust). YacTUIBI CMa304HOIO MaTepHaja NPEANOYTUTEIBHO HPEACTABISIOT
co0O¥ YacTUIbl OHOTO WJIM MHOTHX THIIOB, BHIOpAHHBIE W3 IPYIIIbI, COCTOsIIEH U3 rpadura,
dropuna rpadura, MoS,, u PTFE. Conep:kaHue 4acTHI] CMa304HOTO MaTepuaya BapbUPYETCH,
Hanpumep, oT 1 mo 40 macc.%, mpHu YCIOBHH, UYTO BCE KOMIIOHEHTBI, KDOME pPacTBOPUTEJS,
coctaBisaoT 100 mace.%.

[0070] CesByrommuii MaTepua CBSI3bIBAET YAaCTHUIIBI CMA30YHOTO MaTepuajia B TBEPIOM
CMa304HOM MNOKpBITUH 23. CBsA3yOLWUI MaTepua MpeAcTaBiIsieT cOOOH MaTepuasl OJHOTO HIIH
IBYX THIIOB, BBIOPAHHBIN M3 TPYMIBI, COCTOSINEH U3 OPraHUYECKOW CMOJBI M HEOPTaHMYECKON
cMmolibl. B cnydae, rae ucnonb3yercs opraHuyeckas CMoJia, CBSI3YIOLINI MaTeprall MpeacTaBisieT
coboli Marepuan OJHOTO WJHM JABYX THIIOB, BBIOPAaHHBIH W3 TPYMIbL, COCTOSINEH W3
TEPMOPEAKTUBHON CMOJIBI U TEPMOIUIACTUYHON cMouibl. Hampumep, TepMOpeakTHBHAs CMOJa
NPEACTABISIET COOOM CMOJTy OHOTO MM MHOTHX THIIOB, BBIOPAHHYIO M3 TPYIIIBL, COCTOSIIEH U3
STMOKCHIHON CMOJIbI, MOJHMUMUIHON CMOJIBI, TOJUYPETAHOBOW CMOJIBI, MOJUKAPOOIUIMUIHON
CMOJIBI, TpocToro mnonuddupcynb(oHa, CMOJIBI HA OCHOBE IMPOCTOro mnonudpupspupkeToHa,
¢deHonbHOI cMoOmnbl, (ypaHOBOH CMOJIBI, MOYEBMHHOW CMOJIBI W aKPUJIOBOW CMOJBL
TepmoruracTuuHas cMoa MpeacTaBisier coOOH, HampUMep, CMOJIY OJHOTO MJIM MHOTHX THIIOB,
BBIOPAHHYIO U3 TPYIIBL, COCTOSLIEH M3 MOJMAMUANMUIHON CMOJIBI, IOJUATHIEHOBOH CMOJIBI,
MOJIUIIPONUIIEHOBOM CMOJIBL, MOJTUCTUPOJIbHON CMOJIBI U 3THUJIEH-BUHUJIALIETATHOU CMOJIBL

[0071] B cnyuae, roe B ka4ecTBe CBSI3YIOLIEr0 MaTepuaia UCIONb3YIOT HEOPraHUIECKYIO
CMOJIy, MOXeT OBITh MPHUMEHEHa MOJIMMETAJUIOKCAHOBasT CMoJja. [loNMMeTasIoOKCaH HMeeT
OTHOILIEHHE K TMOJIMMEPY, B KOTOPOM TOBTOPSIFOIIUECS METaJUI-KUCIOPOIHBIE CBS3H OOpa3yrOT
Kapkac OcHOBHOW menu. IlpeamoururenvHo mnpumensitorcss nonurutaHokcaH (Ti-O) wu
nonucuiokca (Si-0). DTu HeOpraHUYECKUE CMOJTBI MOTyYaA0TCs THIPOIU30M U KOHIEHCAIUEH
aJKOKCHAa Merajula. Hampumep, amKOKCHUTpymma ajKOKCHAAa MeTajula NpPEeAcTaBisieT coOoi
HU3LIYI0 alIKOKCUTPYIIy, TaKyld Kak METOKCUIPYMNa, STOKCUTPYIIA, MPOMOKCUTPYIINA,
U30TPOIIOKCUTPYIIA, H300YTOKCUTPYTIa, OYyTOKCUTPYIINA U TPET-OyTOKCUTPYIIIA.

[0072] To ecTh, CBSI3yOIIMI MaTepwial MpencTaBisier coOOH MaTrepuan OHHOTO WJIH
MHOTHX THUIIOB, BBIOPAHHBIX W3 TPYIIIbL, COCTOSIIEH M3 SMOKCHIHOW CMOJIbL, TMOJHMUMHIHON
CMOJIB, MOJINY PETAHOBOM CMOJIB, MOJTNKAPOOTMIMHUIHON CMOJIBI, IIPOCTOTO
nonm¢upcynbpoHa, CMOIBI HA OCHOBE MPOCTOro monudpupsPpupkerona, GEHONbHOW CMOIBI,
(dbypaHOBOI CMOJIBI, MOYEBHHHOW CMOJBI, AKPUJIOBOH CMOJIbI, MOJHAMUIAMUIHON CMOJIBI,
MOJIMSTUJIEHOBOM CMOJIBbI, MOJMIPONUICHOBOM CMOJIBI, MOJUCTUPOJBHON CMOJIBL, 3THUIIEH-
BUHUJIALIETATHOM CMOJBl, M nNojauMeTannaokcaHa. CofepskaHue CBs3YIOINEro Marepuana

Bapbupyercs, Hampumep, oT 60 no 99 macc.%, npu yciloBHM, YTO BCE€ KOMIIOHEHTBI, KpOME
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pacTtBopures, cocraysiroT 100 macc.%.

[0073] TBepnoe cMa30uHOE MOKPBITHE 23 MOKET COAEPKAThb APYTrHe KOMIOHEHTHI, Kak
TpeOyercsi. Hanpumep, apyrue KOMIOHEHTHI NMPENCTAaBISAIOT COOOH MaTepHalbl OJHOTO WU
MHOTMX THUIIOB, BBIOPAaHHBIX M3 TPYIIbL, COCTOSINEH W3 AHTUKOPPO3HOHHOIO CpEACTBa,
UHTHOUTOpa KOPPO3UH, IOBEPXHOCTHO-aKTUBHOTO BELIECTBA, BOCKA, PEryJSTOpPAa TPEHHS,
nurMeHta u pacrBopurensa. ConepkaHue KaXJIOro W3 4YacTUI[ CMAa304HOrO MaTepHaa,
CBSI3YIOIErO MaTepHaja M JPYyruX KOMIIOHEHTOB PEryJHPYIOT HaJIeXaluM 00pa3oM.
Hanpumep, coneprkanue aApyrux KOMOOHEHTOB cocTaBjsieT 10 macc.% v MeHee, Tpu yCJIOBUH,
YTO BCE KOMIIOHEHTBI, KpOMe pacTBopurers, coctaistor 100 macc.%.

[0074] Teepnoe cmazouHOe MOKpHITHE 23 (OPMUPYIOT HAHECEHHEM OIMMCAHHOW BBIIIE
KOMITO3UIIMM Ha KOHTAKTHYIO IMOBEPXHOCTh MO MEHBIICH Mepe OTHOro u3 HUmmems 13 u Mmydrsl
14, u oTBEpKI€HUEM HAHECEHHON KOMITO3HULIMH.

[0075] B cnyuae pe3pboBoro coemunenust S0 s TpyOd CO CBUHYEHHBIMH APYT C IPYTrOM
HunmneneMm 13 u mydroit 14 mpu OTrpyske, TBEpAOE CMAa30YHOE TMOKPBITHE 23 MOXKET OBITh
00pa3oBaHO Ha KOHTAaKTHON MOBEPXHOCTH OAHOTO U3 HUMmens 13 u MmydTor 14, u 3aTeM HUNmeb
13 u mydTa 14 MoryT OBITH CBUHYEHBI PYr C IPYyroM. B 3TOM ciiydyae KOMIO3HMLMIO TPOLIE
HAHOCHTb Ha COCIUHHUTENbHBIA GUTHHT 12, KOTOPBIH HMEET MEHBIIYIO JUIMHY, YeM Ha CTaJIbHbIC
TpyObl 11, kaxkmass W3 KOTOpBIX siBisieTcst Oojee anuHHON. IlosToMy TBepmoe cma3o4dHOE
NOKpBITHE 23 TPEANOYTUTENIbHO (OPMHUPYIOT HA KOHTAKTHOM moBepxHOCTH My(pThl 14
coennHUTENBHOTO (puTHHra 12. BHE yuacTkoB, KOTOpBIE 00pa3yroT pe3prboBoe coenuHeHne S0
s TpyO, mepenHuil KOHLIEBOM ydacTOK TpyObl, rae Hummnenb 13 um mydra 14 He CBHHUYEHBI
MeXAy cOOOM BO BpeMsl MEPEBO3KU, MOKET ObITh KOHPUTYPHPOBAH TaK, YTO TBEPAOE CMA304YHOE
nokpeiTue 23 (GOpPMUPYIOT HAa KOHTAKTHBIX MOBEPXHOCTAX Kak Hummens 13, tTak u Mydrel 14,
4yT0OBI 00ECTIeunTh 3aIIUTy OT KOPPO3MU HapsAy CO CMasbIBAalOIIel CrocOOHOCTHIO. BmecTto
HTOTO TBEPIOE CMA30YHOE MOKPbITHE 23 MOXKET ObITh 00pa30BaHO HA KOHTAKTHOH MOBEPXHOCTH
oxHOoro u3 Hummnens 13 u myTsl 14, U TBepaOe aHTUKOPPO3UOHHOE MOKPBITHE, KOTOpoe Oyaer
OMHUCAHO TO3Xe, MOXeT ObITh 00pPa30BaHO HA KOHTAKTHOW MOBEPXHOCTH IPYroW AeTaiud U3
Hunmnesst 13 u mydter 14. B mrobom ciydae pespboBoMy coenuHenuto S0 st Tpyd MOryT ObITh
NPUIAHbl CONPOTHUBIICHHE 3a€aHUI0, T'a30HETPOHULIAEMOCTh M CHOCOOHOCTH MPOTHBOCTOSITH
KOPPO3HH.

[0076] Tsepmoe cMa304HOE MOKpPbITHE 23 MPENNOYTUTENBHO MOKPBHIBAET BCHO
KOHTaKTHYIO MOBEPXHOCTb 10 MEHbLIEH Mepe oxHoro u3 Hummesst 13 u mydter 14. Trepmoe
CMa304HOE MOKpBITHE 23 MOXKET IOKPbIBATH TOJBKO 4YE€CTb KOHTAKTHOH MOBEPXHOCTH
(HarmpuMep, TOJIBKO METAJUTMYECKHE YIUIOTHUTEbHBIE yUacTKu 16 u 19).

[0077] Teepmoe cMa304HOE TMOKPBHITHE 23 MOMKET MPEACTABISATbH COOOW €OMHCTBEHHBIH
CJIOW WJIM MHOTOYHUCJIEHHBbIE CJIOU. MHOrOYHMCIEHHBIE CJIOM NOAPAa3yMEBAIOT COCTOSIHHUE, B
KOTOPOM JIBa TBEPABIX CMa304YHBIX MOKPHITHA 23 WK O0jiee HaCIOEHBI APYT Ha APYyTa, CUUTAs OT
CTOPOHBI KOHTAKTHOW MOBEPXHOCTHU. JIBa nim Oojiee TBEPIABIX CMA30YHBIX MOKPBITHH 23 MOTYT
ObITh 00pa30BaHbI MOBTOPEHUEM HAHECEHMs W OTBEPIKIEHHs] KOMIO3MLUU. TBEpAoe CMa304HOe

HOKpBITHE 23 MOKET OBITh 00Pa30BaHO HEMOCPEACTBEHHO HA KOHTAKTHOH MOBEPXHOCTH, HIIU
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MOKET OBbITh OOpPa30BAaHO MOCJIE BBIMOJHEHUS NPEIBAPUTENbHON 00paboTkm, KoTopas Oyner
ONHCaHa MO3XKe.

[0078] Teepmoe cMa304yHOE MOKpPbITHE 23 MPENNOYTUTENbHO HMEET TOJIIUHY,
Bapbupyromyrocsa or S 1o 50 mxm. Korna teBepnoe cMa3zoqHOe NOKpbITHE 23 UMEET TOJIIHUHY S
MKM win Oosee, MOKeT ObITh oOecreueHa cTabuiibHasi cMasbiBaroIas cnocooHocTs. C apyroi
CTOPOHBI, KOTIZla TBEPAOE CMa304HOE NOKpbITHE 23 umeeT TonmuHy 50 MKM HIH MEHee,
obecrieunBaeTcst CTaOMIIbHAs aAr€3HOHHAs CIIOCOOHOCTb TBEPAOTO CMAa304HOIO MOKPBITHS 23.
Kpome Toro, xorzma TBeproe CMa3ouHOE MOKpbITHE 23 uMeeT TONMMUHY 50 MKM WM MEHee,
CHIDKAETCS JABJIEHUE Ha TpaHuLe (a3, KOTOPOe BOSHUKAET, KOTJa Pe3bOOBbIE YYACTKU CKOJB3SIT
APyr TO JAPYTry, TOCKOJbKY YBEJIHMYHUBAETCS IOMyCK (3a30p) B pPe3bOOBBIX ydYaCTKaxX Ha
MOBEPXHOCTU CKOJbXeHus. Ilo3ToMy mnpenoTspalnaercs 4Ype3MepHOE MOBBIMIEHHE MOMEHTA
3aTsokkd. [loaToMy TBepaoe cMa304yHOE MOKPBITHE 23 MPENNnOYTUTENIBHO BapbUPYETCs OT S5 10
50 wmxM. HwkHu#i mpenen TONIIHMHBI TBEPAOrO CMAa30YHOrO TMOKPBITHS 23 Oojee
NPEATIOYTUTENIBHO COCTAaBIISIET 8 MKM, emre Oojee nmpeanouyrutensHo 10 Mxm. BepxHuit npenen
TOJIIIMHBI TBEPAOTO CMAa304YHOTO MOKPBITHS 23 0ojee MpeanodYTHTENbHO cocTaBisieT 40 MKM,
erre OoJiee MPEANOYTUTETHHO 30 MKM.

[0079]

[TBeproe aHTUKOPPO3UOHHOE MOKPBITHE ]

OrnucanHoe BbiIe pe3bOoBoe coeawHenne SO0 mnst TPyO MOKET BKIJIIOYATh TBEPIOE
CMa304HOE MOKpPbITHE 23 Ha KOHTAKTHOM MOBEPXHOCTH OAHOM Aeranu u3 Hummens 13 u MyQTsl
14, u TBepaOe aHTUKOPPO3MOHHOE MOKPBITHE HA APYroi aeranu u3z Hummens 13 u mydrtsr 14
Pe3pOoBoe coenunenue 50 mia TpyO B HEKOTOPBIX CIIyYasX XPAHUTCS B TEUEHUE JITUTEIBHOTO
neprosia BpeMeHH, NokKa (pakTHYeCKH He MCTONb3yeTcs.. B aToMm ciydae oOpa3soBaHue TBEPIOTO
AHTUKOPPO3HOHHOTO TOKPBITHS TOBBIIIAET crocoOHocTe Hummens 13 u  mydrer 14
IIPOTUBOCTOSITE KOPPO3HH.

[0080] Teepmoe aHTUKOPPO3UOHHOE TOKPBITUE TMPEACTABISET COOOMH, Hampumep,
XPOMAaTHOE TOKPBITHE, BBINOJHEHHOE M3 XpoMaTa. XPOMATHOE TMOKpbITHE (HOPMHUPYIOT
00IIeN3BECTHBIM XPOMATUPOBAHUEM C OOPA30BAHMEM COEMHEHHS TPEXBAJIEHTHOT'O XpOMa.

[0081] TBepmoe aHTUKOPPO3MOHHOE TIOKPHITHE HE OrPAaHUYUBAETCS XPOMATHBIM
nokpbiTieM. Emie opHO TBepAaoe AaHTHUKOPPO3HOHHOE IMOKPBITHE COAEPXKHUT, HampuMep,
OTBEP)KAAEMYI0  YIbTPAapHUOJETOBBIM H3JIy4eHHMEM CcMolly. B  sTom cinydae TBepaoe
AHTUKOPPO3MOHHOE TMOKPBITHE SIBJISIETCS JOCTATOYHO TMPOUYHBIM, YTOOBI HE pa3pyluaThCs
BO3JICHCTBYIOLIMMH Ha HEro CUJIaMH, KOrJa Ha Hero HaHeceH nporekrop. Kpome Toro, Teepaoe
AHTUKOPPO3UOHHOE IOKPBITHE HE PACIIABJSAETCS, JaXe eClIU TeMIlepaTypa NOCTUraeT TOYKH
POCBI, U IO3TOMY TBEPAOE AHTUKOPPO3HUOHHOE MOKPBITHE MOABEPTraeTCsl BO3AEUCTBUIO BOJHOIO
KOHJIEHCAaTa BO BpeMs MEPEeBO3KH WJIM XpaHEHHs pe3bOoBoro coexamueHust S0 s tpyO. bonee
TOrO, TBEPJOE AHTUKOPPO3MOHHOE MOKPBITUE C TPYAOM pa3sMArdaercsl Jaxke IPU BbICOKOH
temneparype cBbime 40°C.  OtBepknmaemast  yiabTpaHONETOBBIM — HM3JIyY€HHEM CMOJA
NpeACTaBsieT COOOM M3BECTHYIO KOMIO3ULMIO cMOJbl. OTBepkaaeMas yibTpadUONETOBBIM

U3JIyYEHUEM CMOJIa HE OrPAaHMYUBAETCS KOHKPETHOW CMOJION, M MOXKET MpPEACTaBIATh COOOM
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T00YI0 CMOJTY, KOTOpast COIEPSKUT MOHOMED U OJIUTOMEp, U HMHUIHMATOP (POTOMONUMEPU3ALIUH, U
peakuus pOTOMONMMEPU3ALIMN HAUUHAETCS, KOTla IPOBOAUTCS OOJIydeHHEe YIbTPapHOIETOBBIM
U3JIy4E€HUEM ¢ 00pa30BaHUEM OTBEPIKIEHHOTO MOKPBITHSI.

[0082] Ilnmakupyromuii cioii MokeT ObITb 00pa3oBaH Ha HAPYKHOM KOHTAKTHOM
HIOBEPXHOCTH pe3pboBoro coequHenust S0 s TpyO, W HA IUIAKUPYIOLIEM CJIO€ MOXKET OBbITh
00pa30oBaHO ONMMCAHHOE BBILIE TBEPIOE AHTHKOPPO3MOHHOE MOKpbITHE. BMecTo 3TOrO TBEpIOe
AHTUKOPPO3HOHHOE TIOKPBITHE MOXeT OBbITh 00pa30oBaHO HENOCPEACTBEHHO HAa HAPYKHOU
KOHTAKTHOM MOBEPXHOCTH.

[0083]

[basoBbiii MaTepuan pe3booBoro coenuHerns S0 st Tpyo]

CocraB 0OaszoBoro marepuana pe3pOoBoro coenuHeHuss S0 mast TpyO He sBisieTcs
KOHKPETHO OrpaHHYeHHbIM. ba3oBblii Martepuan pe3pboBoro coemuHenuss S0 misa  TpyO
NpEeACTaBIsieT COOOH, HampuMep, YIVIEPOAHMCTYI) CTajlb, HEPIKABEIOLIYI CTajdb WM
JETUPOBaHHYIO cTaimb. Cpeau  JIerMPOBAaHHBIX  CTajedl  BBICOKHE AHTHKOPPO3HOHHBIE
XapaKTEePUCTUKU MMEET NyIUIEKCHasi HepiKaBerlias cranb, cogepxkamas Cr, Ni, Mo, u npyrue
aerupyomue 351eMeHThl, 1 Ni-crias. [1o3ToMy npuMeHeHue JIErHpOBaHHOW CTaiu JF0OOro u3
BBILIEOMUCAHHBIX TUIIOB B KauecTBe 0a30BOro Marepuaia pe3pooBoro coenuHerus S0 mist Tpyo
o0ecrieunBaeT MPEBOCXOAHbIE AHTHKOPPO3HOHHBIE XAPAKTEPUCTHKH B  KOPPO3HOHHO-
arpeccCUBHON cCpeze, CcoIeprKalell CepoBONOPON, AMOKCHI YryiepoAa Wi Jroboe 1pyroe
BEIIECTBO.

[0084]

[Criocob u3roroBieHuUs |

Hwuwxke Oymer ommcaH cmoco0 W3roTOBiIEHHs pe3bOoBoro coemuHeHuss 50 s Tpyd
COIJIACHO HACTOSALIEMY BapUAHTY OCYLIECTBIICHHUS.

[0085] Cnoco® wmsroroBieHust pespboBoro coeauHeHust S50 ams TpyO coryacHo
HACTOSIIEMY BapUAHTY OCYINECTBJICHHUS BKJIOYAET 3Tan OOpa3OBaHUsI MUIAKUPYIOIIEro CJiost Zn-
Ni-criaBa u 3Tan o0pa3oBaHMs TBEPAOTO CMa30YHOTO TIOKPBITHSI.

[0086] B HacrosimeM BapuaHTE HCIOJHEHUS (POPMUPYIOT HETVIAAKUH IJIAKHPYOLIUIA
cinoii Zn-Ni-crimaBa. IToatomy cpenHeapudmerudeckass mepoxoBaTocTb Ral moBepxHOCTH
akupyromero cinost 21 Zn-Ni-crutaBa MoxxeT ObiTh Oosblnel, 4eM cpenHeapupmMeTHndecKast
IepOXOBAaTOCTh Ra2 KOHTAaKTHBIX TMOBEPXHOCTEH Oe3 BBIMOJHEHMs CTpyiHOH obOpaborku. To
€CTh, B pPe3bOOBOM COEOUHEHHH Ui TPyO, TMOJYYEHHOM CIIOCOOOM COTJIACHO HACTOSIIEMY
BapHAHTY OCYIIECTBIIEHUS, TIECKOCTPYHHYIO 00palboTKy, IpodecTpyitHy0 00paboTKy 1 OOAYBKY
METAJUINYECKONU KPOLIKON HE MPOBOAST.

[0087]

[Dtam obpazoBanus makupyromero cios Zn-Ni-craa

Ha »rtane oOpasoBanus miakupymomero cyiosi Zn-Ni-craBa o0OpaOoTky — muis
TUTaKupoBaHusl Zn-Ni-CIJIaBOM MPOBOIAT ¢ OOpa30BaHHEM HETJIAJKOrO IUIAKUPYoIero cyios 21
Zn-Ni-criiaBa Ha KOHTaKTHOH MOBEPXHOCTH 110 MEHbIIEH Mepe OAHOro u3 Hunmnens 13 u Myt

14 Ge3 BbIMONMHEHHSI CTpYIHONM 00padorku. ITnakupyrommii cioii 21 Zn-Ni-criaBa MOXeT ObITh
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00pa3oBaH Ha KOHTaKTHBIX MOBEPXHOCTIX Kak Hummens 13, tak u my¢ter 14. O6pabotky s
IIaKUpoBaHus Zn-Ni-CIIJIJaBOM BBIOJHSIOT € HMCIIOJNB30BAHUEM CIOCO0a 3JIEKTPOIUTUYECKOTO
IUTAKUPOBAHUS. DIEKTPOIUTHYECKYIO TUIAKUPYIOIIYI0 00paboTKy st 00pa3oBaHMs HErJIagKoro
akupyroero ciost 21 Zn-Ni-crijiaBa IpoBOASAT ¢ UCMOIB30BAHUEM OOIIEU3BECTHOTIO CIIOCO0a.
Hanpumep, 371€KTPONIUTHYECKYIO TUIAKUPYIOLIYIO 00pa0OTKY BBIIOJHSIOT TAKHM CIIOCOOOM, YTO
KOHTaKTHYIO MOBEPXHOCTh [0 MEHbLIEH Mepe OMHOro u3 Humnmnens 13 u My ol 14 morpyxaroT B
IUTAKUPYIOLIYIO BaHHY, COAEPIKAIIYI0 MOHBI LIMHKA U HHUKEJS, U MPOIMYCKAIOT TOK. MoeT ObITh
UCIIOJIb30BAaHA HMEIOLIAsiCsl B MMpOJake Ha pPBbIHKE BaHHA /U HETVIQAKOTO IUIAKMPOBAHUS.
[MonyuennsI# makupyromuii cino Zn-Ni-cruasa copepxut ot 10 go 16 macc.% Ni.

[0088] B HacrosiieM BapuaHTE OCYINECTBJIEHUS BBINIOJHEHHE OOpabOTKH ¢
o0pa3oBaHMEM HETJIAIKOro IUIaKupyroomero cios Zn-Ni-criaBa MO3BOJIIET 00ECIeUnTh
cpenHeapuMeTHYecKyr0 mepoxoBaTocTh Ral moBepxHOCTH miakupyromero cios 21 Zn-Ni-
crutaBa B auamasone ot 0,1 mo 3,2 mxm. B pesynbrate 3Toro sddekr creruieHus Ha OCHOBE
IIEPOXOBATOCTH TOBBIIAET AAr€3MOHHYIO0 CHOCOOHOCTh TBEPIOTO CMA30YHOTO TOKPBITHS 23.
Korna aaresnonHasi CHoCOOHOCTh TBEPAOTO CMAa30YHOI'O MOKPHITHS 23 MOBBIIIAETCS, BO3PACTAET
COTNIPOTHBJIEHHE 3aefaHui0 pe3bOoBoro coemuHenns S50 miust Tpyd. Kpome Toro, korma
MOBBIIIAETCS ANre3HOHHAsi CIMOCOOHOCTh TBEPAOTO CMA30YHOIO TOKPBITHS 23, TAaKXKE MOMKET
MOJJEPKUBATHCS HA HU3KOM YPOBHE KPYTSALINI MOMEHT Ha 3arlyIedHKe.

[0089] Ha srame oOpa3zoBaHus miakupyromero ciios Zn-Ni-ciiaBa comep:kaHie HOHOB
HUKeJNs B TUIAKUPYIOLIeH BaHHE JJIs1 0Opa30OBaHMs HErNIAJKOro Iuakupyromero ciost 21 Zn-Ni-
CIulaBa, Hampumep, Bapbupyercs oT 12 go 60 macc.%, kak KOMIO3UIIMOHHOE COOTHOLIEHHE
MeXy MOHAMH LIMHKAa U MOHAMH HUKelNs. bojee KOHKpeTHO, COCTaB IIaKUPYIOIIEeH BaHHBI AJis
00pa3oBaHuUs HETNAAKOro Iyakupyomero cnost 21 Zn-Ni-cruiaBa COIEp KUT, HAPUMeEp, LUHK:
20 r/n, xnopun Hukens: 21 r/n, xmopun ammonus: 240 r/n, u npucanky: 100 mn/n. B atom
cllydae conepykaHhe MOHOB HuKelst coctaBisier 12,0 macc.%. Ipucanka mpeacrasnsier coOoH,
Harpumep, nponykt ¢ HaumenoBanueM DAIN Zinalloy AD2 npousBoactsa pupmsl Daiwa Fine
Chemicals Co., Ltd. (;mabopatopust). [IpuMeHeHne TTAKUPYIOIIEH BAHHBI, HMEIOIIEH ONMMCAHHbIHN
BBILIIE COCTaB, MO3BOJsIET CPOPMHUPOBATH HErNaAKWil ruakupyroomuid ciaoi 21 Zn-Ni-cruiasa,
umeromuil cpenreapudmerndeckyro mepoxosaroctb Ral, Bapeupyromyrocs ot 0,1 1o 3,2 MkM.
Ilpumenenne Nuakupyroleld BaHHBI, MMEIOINEH OMUCAHHBIN BbIIE COCTaB, AOMNOJHUTEIBHO
no3BoJisieT od0ecneuuTh Ooyiee BBICOKYIO CpenHeapupMeTHYecKyr LiepoxoBatocTb Ral
MOBEPXHOCTH  Iuakupyroomero cinosgs 21 Zn-Ni-crutaBa, ueMm cpenHeapupMeTHyecKas
mepoxoBaTocTb Ra2 koHTakTHbIX mnoBepxHocTed. CocTaB mMuakupyrolleld BaHHBI s
o0pa3oBaHUsl HErJaAKoro Iuiakupyromero cioss 21 Zn-Ni-criaBa He OrpaHUYUBAETCS
OIMCAHHBIM BBIIIE COCTABOM, U MOJKET OBbITh OTPETYJHPOBAH HAJIEKALUTUM 0Opa3oM 1O TaKOM
CTereHH, YTOObI MOT OBITh MMOJTy4eH HeTrNIaAKUH TUIakupyromuii cinoit 21 Zn-Ni-crutasa.

[0090] VYcnoBus 3IEKTPOJIUTUYECKON IUIakupyromeid obpaboTku MOryT ObITh
OTPEryJHpOBaHbl  HaajekamuM  obOpazoMm. [lpumepel  yCIOBHH  3JIEKTPOJIUTUYECKOM
IUTAKUPYIOIIed o0paboTKH MOTyT BKJIIOUATh 3HaueHue pH mmakupyromei Banabl: oT 1 go 10,

TeMmnepatypy miakupyroiueil Banubl: ot 10 o 60°C, mnotHocTh TOKa: or 1 go 100 A/nv?,
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NPOROIDKUTENBHOCT 00padoTku: ot 0,1 mo 30 munyT. Tonmuaa makupyromero ciost 21 Zn-Ni-
CIJIaBa MPEANOYTUTENBHO Bapbupyercs oT 1 10 20 MKM, Kak ONMUCAHO BBILIE.

[0091]

[Dtam obpa3zoBaHus TBEPAOTO CMA30YHOTO MOKPHITHS |

ITocne »Tama oOpa3soBaHus IUIakupyrolero ciost Zn-Ni-crijlaBa MpOBOISIT 3Tarl
o0pa3oBaHusi TBEPAOro cMa3ouHOro Mmokpeithst. Ha sTame oOpasoBaHus TBEPAOrO CMAa304HOTO
MOKPBITUSL CHAYaja MOJYyYaloT KOMIIO3ULMIO TBEPJAOrO CMa304YHOIO MOKPBITUA (Jajee Takxke
HA3bIBAEMYIO KOMIO3uLMe). KOMIO3HUINIO MONy4Yar0T CMEIIEHHEeM OINMCAHHBIX BBIIE YACTHI]
CMa304YHOI0 MaTepuaa U CBs3yroLero Marepuana. Kpome Toro, KoMno3uuus MOXXeT COAEPKATh
pPacTBOPUTEND U IPYrHe KOMIIOHEHTBI, OMUCAHHbBIE BBILIE.

[0092] TTony4ueHHY0 KOMIO3ULIUIO HAHOCAT Ha IUIakupyromui cioit 21 Zn-Ni-crutasa.
Croco® HaHeceHHWs HE OrPaHUYMBAECTCS KOHKPETHBIM criocoOoM. Hampumep, mMoker ObITh
HCIIOJIb30BaH MYJbBEPU3aTOP AJI HANbUIEHHS KOMIIO3ULMU B PacTBOPHUTENE Ha IJIAKUPYIOIIHIM
cioit 21 Zn-Ni-criaBa. B 3ToM ciyyae KOMIIO3ULMIO PABHOMEPHO HAHOCAT Ha IJIAKUPYIOLIMIM
cioit 21 Zn-Ni-crmaBa. Hunmens 13 nim mydty 14, Ha xoTOpble ObUIa HAaHECEHA KOMIO3HLINS,
BBICYIIMBAIOT WJIM HAarpeBalOT M BBICYLIMBAIOT. HarpeBaHue W BBICYIIMBAHHWE MOTYT OBITh
BBIIOJIHEHBI, HANpPUMEP, C HCIOJNb30BAHMEM HMEIOLIENCsl B NMPOJa)Xke HAa pPbIHKE CYLIMJIKHU C
HarpeTbiM BO3AYXOM. lIpu 3TOM KOMIO3MUIMS OTBEP)KIAAETCS, U OTBEPXKIEHHAs KOMIIO3HLIMS
oOpa3syeT TBepAoe CMa304HOe MOKpbITHE 23 Ha miakupymomem cioe 21 Zn-Ni-crutaBa. Y cnoBust
HArpeBaHusl M CYIIKH MOTYT OBITh OTPEryJUpOBaHbl HAIJIEKALIUM OOpPa3oM C Y4EeTOM
TEMIIepaTypbl KUIEHUs, TEMIepaTypbl IJIABJICHUs U [APYIUX XapaKTePUCTUK KaKIOro Hu3
COZIEPIKALIMXCSl B KOMIIO3UL[UU KOMITOHEHTOB.

[0093] [Inst oOpa3oBaHMsi TBEPAOrO CMAa304YHOTO MOKPBHITHUS 23 ¢ HCIOJIb30BaHUEM
KOMITO3MLIMK O€3 NMPHMEHEHUs] PACTBOPUTENS] MOXET OBITh HCIIONb30BaH, HAlpUMep, CIOco0
ropsiuero pacruiaBa. B crmocobe ropsuero pacruiaBa KOMIO3HIMIO HArpeBarT A0 JKHIAKOTO
cocTosiHUS. J{7Is1 HambLIeHUs KOMIIO3ULIUM B JKUAKOM COCTOSSHMM HCIIOJIB3YIOT, HampuMmep,
NyJIbBEPU3ATOP, UMEIOIIHHA (QYHKIHIO TOANEPKUBAHKS TeMIIepaTypbl. TeM CaMbIM KOMITO3ULIHIO
pPaBHOMEPHO HAHOCAT Ha muakupyromui crnoit 21 Zn-Ni-crinaBa. Temmeparypa, 10 KoTopoi
HArpeBarOT KOMIIO3HIIMIO, MOKET OBbITh OTPEryJMPOBAaHA C YYETOM TEMIIePaTyphl IUIABJICHUS U
TEeMIIepaTypbl pPa3MArUYeHUsl CBS3YIOIIEro MaTepuana M JAPYruX KOMIIOHEHTOB, OIHCAHHBIX
Bbimie. Hunmmens 13 winm mydry 14, Ha KOoTOpBIe OBLIA HAHECEHA KOMITO3HMLIMS, OXJIAXKIAIOT Ha
BO3AYXE WM OXJAKHAIT HHBIM crocoboM. TeMm camMbIM KOMITO3WLMSI 3aTBEPIAEBAET C
o0pa3oBaHUEM TBEPIOrO CMa30YHOTO MOKPBITHS 23 Ha TuiakupyroieM cioe 21 Zn-Ni-criasa.

[0094]

[OOpa3zoBaHnne TBEPIOTO AHTHKOPPO3HMOHHOTO MOKPBITHA  (XPOMAaTUPOBAaHHE C
o0pa3oBaHNEM COEAMHEHUS TPEXBAJIEHTHOIO Xpoma)]

Oran obpas3oBaHus makupyromero ciost Zn-Ni-craBa U 3Tan 00pa3oBaHUs TBEPIOTO
CMa304HOTO MOKPBITHS MOTYT OBITh MPOBENEHBI HA KOHTAKTHOM MOBEPXHOCTH OIHOW NIE€TAaNU U3
Hunnens 13 u mydrtsl 14 ¢ obpazoBanueM ruiakupyrouiero cios 21 Zn-Ni-cruiaBa ¥ TBEpAOTo

CMAa304HOrO MOKPBITUSA 23, KaK OMUCAHO BbILIE.
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[0095] C npyroii cTOpOHBI, HA KOHTAKTHOM NMOBEPXHOCTU APYroil Aetanu U3 Humnmens 13
u Mypter 14 moryt ObiThb OOpa3oBaHbl Iuakupyromuid cimoi 21 Zn-Ni-crutaBa u TBepaoe
CMa304YHOE TMOKpbITHE 23, wWiu Imakupyoomuid cmot 21 Zn-Ni-crimaBa w/mnu  TBepaoe
aHTUKOPPO3HOHHOE MOKpbITHE. Hivkecnenyroiee onvcanue OyneT NPUBEAEHO Ui Ciydasi, Iie
Ha JIPyroil KOHTaKTHOHW MOBEPXHOCTH OOpa3oBaHbl IUIAKHPYrOIUi cioit 21 Zn-Ni-criaBa u
TBEPAOE aHTUKOPPO3UOHHOE MOKPBITHE, 0OPa30BAHHOE B BU/I€ XPOMATHOTO MIOKPBITHUS.

[0096] B sToM ciiyuae OMMCaHHYIO BbIIIE STan O0Opa3OBaHUs IUIAKUPYIOIIEro Cyiosi Zn-
Ni-crtaBa mpoBomsT ¢ oOpa3oBaHueM Makupyromero ciosi 21 Zn-Ni-cruaBa. ITocne stama
oOpa3oBaHUsl  IUIAKUpYHOIEro cjosi  Zn-Ni-ClutaBa  BBINOJHSIOT — XPOMAaTUPOBAaHUE €
o0pa3oBaHMEM COEAMHEHHUS TPEXBAJICHTHOIO XpPOMa Kak TBEPAOrO aHTUKOPPO3UOHHOTO
MOKPBITUSL. XpOMAaTHpPOBaHUWE C 00pa3OBaHMEM COEOUHEHHUS TPEXBAJEHTHOIO Xpoma
npencranisier codboii 00paboTKy ansi 0Opa3oBaHUsI MOKPBITHS XpOMaTa Ha OCHOBE COSIMHEHMSI
TPEXBAJIEHTHOIO XpOMa (XPOMATHOTO MOKPBITHS). XPOMATHOE MOKPBITHE, 0Opa3OBaHHOE MPHU
XPOMAaTUPOBAaHUH C O0Opa30BaHHWEM COCAWHEHHUS TPEXBAJIEHTHOIO XpOMa, NPEAOTBpaIlaeT
NosIBJIeHHE OEJNbIX BBILBETOB HAa IMOBEPXHOCTH IUIAKHPYIOLIEro cjos Zn-cruaBa. Ilostomy
yIy4IIaeTcsl BHEIIHUN BUA H3IENUsA. XpPOMAaTHUPOBaHHE C OOpa3oBaHMEM COCOMHEHUS
TPEXBAJIEHTHOTO XpOMa MOJKET OBITh MPOBEAEHO C MCIIOJIb30BAHUEM OOIIEN3BECTHOTO CIIOco0a.
Hamnpumep, KOHTaKTHYIO MOBEPXHOCTh MO MEHBIIEH Mepe ogHOro u3 Hummens 13 u mydrtor 14
NOTPYKAOT B JKUAKOCTb JJi XPOMATUPOBAHUS, WIHU SKUAKOCTb JJid XPOMAaTHUPOBAHMS
pacHbUISIFIOT M HAHOCAT HA KOHTAKTHYIO IIOBEPXHOCTb. 3aT€M KOHTAKTHYIO IOBEPXHOCTb
IPOMBIBAIOT. BMECTO 3TOro KOHTAaKTHas MOBEPXHOCTb MOXKET OBITH MPOMBITA TOCHE TOTO, KaK
KOHTAKTHAas IOBEPXHOCTh MOrPY>KE€HA B XKUJIKOCTb AJI1 XpOMAaTUPOBAHUS], U Yepe3 Hee MPONyLleH
Tok. Mam ke BMECTO 3TOro JKUAKOCTh IS XPOMATHPOBAaHHsS MOXeET ObITh HaHEeCeHa Ha
KOHTAKTHYI0 IOBEPXHOCTb, M 3aTEM HArpera M BBICYLIEHA. YCJIOBHS XPOMAaTHPOBAHUS C
00pa3oBaHNEM COEMHEHUS TPEXBAJIEHTHOIO XpOMa MOTYT ObITh OTPETryJIMPOBAHbI HA/IJIEXKALIIM
obpazom.

[0097]

[[TonroToBUTENbHBIN 3TaI]

Ecnmu Tpebyercs, omnucaHHBI BbIIE CHOCO0 W3TOTOBJICHHUS MOJXKET BKJIKOYATh
NOATOTOBUTENIbHBIN 3Tall MEpeA 3TaroM o0pa3oBaHUs Iiakupyromero ciost 21 Zn-Ni-crutasa.
Hanpumep, mNOArOTOBUTENBHBI 3Tam MpEACTaBIsieT COOOH TpaBlieHHE U ILIEJOYHOE
obezxupuBanne. Ha NOATOTOBUTENBHOM »JTamle YIOAISOT, HApUMEP, CMa3Ky M Opyrue
BELIECTBA, HAJUIIINE HAa KOHTAaKTHYIO MOBEPXHOCTb. Kpome TOro, moAroTOBUTENbHBIM 3Tamn
MOJKET BKJIIOYAaTh LUIM(OBAHHWE, TaKOE KAaK MEXaHWYEeCKOe OTUUTU(OBBHIBAHHE, B Ka4eCTBE
OKOH4YaTeNbHOU oOpaborku. Ilpumensemoe 3nmech IIIM(OBAHUE, TAKOE KaK MEXaHHYECKOe
oTULTN(OBBIBAHIE B KAaUYeCTBE OKOHUYATENHbHOH OOpabOTKH, MMEEeT OTHOLIEHHE K CHIDKEHHIO
MOBEPXHOCTHOM 1IEPOXOBATOCTU PE3AHUEM.

[0098] PespboBoe coemmHerne S50 nasi TPyO COTNIACHO HACTOSLIEMY BapHAHTY
OCYIIECTBJICHUS MOTY4Yar0T IPOBEACHUEM ONMMCAHHBIX BbIIIE TEXHOJIOTMYECKUX 3TAIOB.

ITPUMEP
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[0099] Hmxe Oymer omucan Ilpumep. OpHako cienyer ormeTtuth, uto I[lpumep He
OrpaHHYMBaeT Hactosimee n3oOpereHne. B Ilpumepe KOHTakTHas NMOBEPXHOCTh HUMIENs 13
HA3bIBAETCSI TOBEPXHOCTBIO HMUIINENs, M KOHTAKTHAs IOBEPXHOCTb My(pTsl 14 Ha3bIBaeTcs
noBepxHOCThI0 My Thl. Kpome Toro, cumeon % B Ilpumepe o3nauaer macc.%, eciii KOHKPETHO
HE OrOBOPEHO MHOE.

[0100] B mnacrosimem Ilpumepe wucnonp3oBanu cranb Mapku SMI13CRS-110 npns
TpyOHBIX coemuHeHnit VAM21 (3aperncTpupoBaHHasi TOProBasi Mapka) MPOU3BOIACTBA (hUpMBI
NIPPON STEEL & SUMITOMO METAL CORPORATION. Crane mapku SM13CRS-110 s
TpyOHBIX coenuHeHnid VAM21 (3aperncTpupoBaHHas TOProBask Mapka) MPECTaBIsieT COOOH
pe3pboBOe coenuHeHue aisi TpyO, mmeromeit Hapykubiii nuamerp 177,80 mm (7 mroliMoB) u
tonmuny creHkn 11,506 mm (0,453 nmroiima). Tun cramm npexacrasien cranbio 13Cr. Cocras
cramu 13Cr 6but cnenyrommm: C: 0,03% wnu menee; Si: 0,5% wnu menee, Mn: 0,5% wiu meHee,
Ni: ot 5,0 go 6,5%, Cr: or 11,5 no 13,5%, Mo: ot 1,5 no 3,0%; u ocraabHOe KOIU4ecTBO: Fe u
IIPUMECH.

[0101] Mexanndeckoe numndoBaHWE KaK OKOHUATENBHYIO OOpabOTKY BBIMONHSIIA Ha
MOBEPXHOCTH HUIIIENS M MOBEPXHOCTH My(THI B UCTIBITAHUU C KaxIbIM HOMepoM. Tabmmua 1
MOKA3bIBAET CpenHeapu(PMEeTHUECKy0 IIepoXoBaTOCTh Ra2 KOHTAKTHOW TMOBEPXHOCTH B
UCTIBITAHUU € KaXIbIM HOMepoM. CpenHeapru(pMeTHUECKy0 MepoXoBaTocTh Ra2 n3Mepsuin Ha
ocHoBe cranmapta JIS B0601 (2001). [lnst m3smepeHus cpeqHeapupMeTnIeckoil mepoXxoBaTOCTH
Ra mpumensimm nazepusiit Mukpockon VK-X110 nmpoussoacrsa pupmbl KEYENCE Corporation.
JlaHHBIE, U3MEpPEHHBIE B Mpenesax Kpaapara BeauyuHoN 1,25 mm ¢ unTepBasamu 0,85 MKM,
cobupanu B popme kapThl. KpuTnieckyro BeTUUUHY A, U JJIMHY U3MEPEHUs 1JIs pacdeTa KpUBOH
IIEPOXOBATOCTH 3aMMCTBOBAJIM M3 CTaHAAPTHBIX BenuduuH B cra”mgapre JIS B0601 (1994).
CpenneapupmMeTHUECKYIO IEPOXOBATOCTh U3MEPSUIH 1O HATIPABIICHUIO ITH(OBAHUSL.

[0102] Conmepskanue Ni B mutakupyomem cioe 21 Zn-Ni-criaBa BapeupoBaiio ot 10 1o
16 macc.%.

[0103]
[Tabmuma 2]
TABJIULIA 2
Howmep Hunmens |Mydra Cormnporusie
ucnbiTanus |[Tnakupyro |[Ipensapure |Cpenneapudm | Cpenneapu | Teepnoe HUE
mas JbHAS eTHYeCKast (dmMeTHyeck | CMa30uHOE | 3a€1aHUI0
obpabdotka |0OpaboTka |IIEpOXOBATOCT |ast NOKpbITHE | (YHCIIO
Zn-Ni- p Ra2 (Mxwm)|mepoxosar LIUKJIOB
CILJIABOM KOHTakTHOM |octh Ral 3aTSATMBAHUS
MOBEPXHOCTU | (MKM) u
TUTAKUPYIO ocnabieHus,
IIEro Ccios KOTOpOe
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Zn-Ni- BBI3BIBAJIO

CIuTaBa 3aenaHue)

1 BBIMOJHsUT |mposommiu | 0,061 0,056 oOpasoBaH | 5
u mauQoBaHU 0
e, u
OCTaBJISLIIN

KakK €CThb

2 BbInoNiHs | poBoamni | 0,061 0,276 obpazosan | 10
u nuupOoBaHU 0

& u

2

OCTaBJIAIN

KakK €CTb

KonrponeH |Bbmonssn |nposogunu |2,700 2,680 oOpazoBan | 10
biii [Ipumep (u nuupoBaHU 0
e U
MECKOCTPYH
HYIO

00paboTky

[0104] ITnakupyromumii CJIOH U MOKPbITUE CHOPMUPOBAITH CIECAYIOLIUM 00pa3oM:

[0105]

[McnbiTanue Homep 1]

B cnydae wucnbiTaHuss HOMEp |, BBINOJIHWIN 3JIEKTPOJIMTUYECKOE IUIAKMUPOBAHHUE C
oOpa3oBaHHeM IIAAKOro cjios Zn-Ni-CriaBa Ha MOBEPXHOCTSX Hummnens 13 u mydrtor 14 s
MOJIy4EeHHs TJIaJKOro Iakupyromero ciost 21 Zn-Ni-craBa, uMeromero ToamuHy 10 Mkm.
DNeKTPONUTHYECKOEe IUIAKUPOBAHME MPOBOAMIN B CIENYIOUIMX YCIOBHSX: 3HadeHue pH
IUTaKupyomed BaHHBL 6,5; Temmneparypa miuakupyrowmed BaHHbL 25°C; IUIOTHOCTb TOKa: 2
A/nM*; ¥ pOROIKHTENbHOCTE 06paGoTki: 18 MunyT. COCTaB IUIAKHUPYIOIIEH KUIKOCTH ObLI
cnenyromum: Zn: 5 r/m; Ni: 24 r/n;, xnopun ammonwmst: 206 1/, 6opHast kucnora: 120 r/m, u
npucanka: 20 mu/n. IIpucaaka npeacrasisia codoit mpoaykt ¢ HaumeHnoBanneM DAIN Zinalloy
ADI1 npoussonctea ¢pupmbl Daiwa Fine Chemicals Co., Ltd. (maGopatopusi). CoctaB riiaikoro
wiakupyromero crnos 21 Zn-Ni-crtaBa Obmn cnenyromum:  Zn: 87%; u Ni:  13%.
CpenneapudpmMeTnueckyr0 IIepoxoBaTocTh Ra mocne o00paboTKM TUTAKHMPOBAHUEM IS
MOJIyueHHUs] Inaakoro cnosi Zn-Ni-crulaBa M3MepsAId € HCIOJb30BAHHEM TAaKOIO K€ MeTona
M3MEPEHUs], KaK MCITOJIb30BAHHBIN IS H3MEPEHHsI CpeqHeapupMeTndeckoi mepoxoBaroctu Ra2
KOHTAKTHBIX MMOBEPXHOCTEH. 3HaueHue A, coctasiisuio 0,25 MM, 1 IJIMHA U3MEPEHHs COCTABIIsIIA
0,67 mm. lna mydTel 14 chopmupoBanu Ha Hell TBepaoe cMmazouHoe mokpbitue 23. TBepmoe

CMa304YHOE MOKPHITHE 23 MPEACTaBIUIIO COOOH MOKPBITHE U3 UMEIOIIENCs B PO/IaXke Ha PHIHKE
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TEPMOOTBEPKIAEMOMN 3MOKCUAHON CMOJbL. TBEpaOe CMA304HOE MOKPBHITHE 23 MMENIO TOJLIMHY
IJIEHKU 25 MKM.

[0106]

[McnbiTanue HOMep 2]

B cnydae wucnblTaHus HOMEp 2, BBINOJIHWIN 3JIEKTPOJIUTUYECKOE IUIAKUPOBAHHUE C
o0pa3oBaHueM Hernagkoro ciosi Zn-Ni-crutaBa Ha MOBEPXHOCTSX Hummens 13 u mydtsr 14 ms
MOJIyYeHUs] HerNIaAKoro Iutakupyroero ciost 21 Zn-Ni-cruaBa, uMeromero Toamusy 10 Mxm.
DNEeKTPONUTHYECKOEe IUIAKUPOBAHME MPOBOAMIN B CIENYIOUIMX YCIOBHSX: 3HadeHue pH
IUTaKUpYoIIel BaHHBL 5,5; Temmneparypa miakupyrowmeil BaHHbL 35°C; IUJIOTHOCTH TOka: 6
A/nv?; u POAOKUTETBHOCTE 00padoTku: 400 cexkyna. CocTaB IUIAKUPYIOIIEH KUAKOCTUA ObLT
cnenyromum:. Zn: 25 t/m; Ni: 28 r1/m; xmopun ammonus: 240 r/m; u mpucaaka: 100 mur/m.
IMpucanka npencrasisiia codoit mpoaykT ¢ HaumeHoBanueM DAIN Zinalloy AD2 npousBoacTsa
dupmbr Daiwa Fine Chemicals Co., Ltd. (mabopatopusi). CocTaB HErnaaKoro IMIaKUPYIOIIETo
cnost 21 Zn-Ni-crtaa Obin cnenyromuM: Zn: 87%; u Ni: 13%. Cpenneapudmernueckyro
IIepoXoBaTOCTh Ra mocne o0paboTKH MIIaKMPOBAHUEM IS TTONYYEHHST HETJIAAKOro ciost Zn-Ni-
CIUIaBa U3MEPSUIM C UCIIOJIb30BAHUEM TaKOIO XK€ METO/la U3MEPEHMUs], KaK MCIIONb30BAHHbIN IS
U3MEpEeHHsl CpenHeapu(pMETHIEeCKOH IIepoXOoBaTOCTH Ra2 KOHTAaKTHBIX TOBEPXHOCTEH.
3nauenne A, cocraBsuio 0,8 MM, U aMHA M3MepeHus cocraBisia 1,25 mm. st mydTer 14
copMupoBal Ha Hell TBepAoe cMa304dHOe MOKphiTHe 23. TBeproe cMa304yHOe MOKphITHE 23
NPEACTABIUIO COOOH MOKPBITHE W3 MMEIOLIEHCS B MPOAaXKe HAa PbIHKE TEPMOOTBEPIKAAEMOM
3MOKCUIHOM CMOJIBL. TBEpaoe CMa304HOE MOKPBITUE 23 UMENO TOJNLIUHY IUIEHKH 25 MKM.

[0107]

[KonTponensiii [Ipumep]

B Koutponsaom IIpumepe Ha mnoBepxHOCTH My(Thl 14 NpOBEIH NECKOCTPYHHYIO
obpaborky. CpenHeapudmMeTnyeckyro MmepoxoBarocTb Ra2 MOBEPXHOCTH MNOABEPTHYTOH
NECKOCTPYHOIH 00padoTke MydThl 14 U3MEPSIN C UCTIOIB30BAHHUEM OIMMCAHHOTO BBILIE METOA.
Kpurnueckasi BenM4YnHA A, M JUIMHA U3MEPEHUs Ui pacueTa KPHBOW IMIEPOXOBATOCTH ObLIH
3aMMCTBOBaHbI M3  CTaHOAPTHBIX 3HaueHui B cranmapre JIS  BO0601  (1994).
CpenneapupMeTHYECKYI0  IIEPOXOBATOCTb U3MEPSIM 1O  HANpPABIEHUIO NUTH(OBAHUS.
DNEKTPOJUTHYECKOE TUJIAKUPOBAHUE i HaHeceHust rimankoro cnost 21 Zn-Ni-crimasa
BBIIOJIHSUTM HAa TOBEPXHOCTAX Hummens 13 u mydrel 14 ¢ oOpasoBaHHMEM TIJIaIKOro
iakupyomero cinosg 21 Zn-Ni-criaBa, uMeroiiero ToNmuHy 10 MKM. DIEKTPOJUTHUYECKOE
MJIAKUPOBAHHUE MPOBOAWIN B CIEAYIOIIUX YCJIOBUSX: 3HaueHue pH nnakupyromeil BaHHBI 0,5,
TeMmreparypa Iulakupyouieii BaHHbl: 25°C; MIOTHOCTb TOKA: 2 A/I[MZ; W TIPOAOJIKUTEIBHOCTD
obpabdotku: 18 munyT. COCTaB MJIAKUPYIOLISH KUIKOCTH ObUT ciaenyrommm: Zn: S5 r/m; Ni: 24
r/n;, xmopun ammonusi: 206 r/m; OopHas kucnora: 120 r/m; u mpucaaka: 20 mu/n. Ilpucanka
npeacrasisuia codoi nmponykr ¢ HauMmeHoBanueM DAIN Zinalloy AD1 npoussoncTsa GpupMsl
Daiwa Fine Chemicals Co., Ltd. (mabopartopust). CocraB riankoro rmiakupyroimero ciost 21 Zn-
Ni-cimaBa Obu1 cnenyromuM: Zn: 87%; u Ni: 13%. CpenneapudmeTnueckyro MIepOXOBaTOCThb

Ra nocne o6paboTku mtakupoBaHUEM IS TTOJTYUEHUS MIAKOro cjosi Zn-Ni-CIijiaBa H3Mepsuy ¢
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HCIIOJB30BAHUEM TaKOrO K€ METOAa W3MEpPEHHUs, Kak MCIONb30BAHHbIN Uil H3MEPEeHMUs
cpenHeapudmeTnyeckoil mepoxoBaTocTu Ra2 KOHTAKTHBIX TMOBEepXHOCTEH. Kpurnueckyro
BEIMYMHY A. U JUIMHY H3MEpPEeHHs IJsI pacdyera KPUBOW MIEPOXOBATOCTH 3aUMCTBOBAIU W3
CTaHmapTHbIX BenuunH B craHpapre JIS B0601 (1994). Cpenneapupmerudeckyro
IIEPOXOBATOCTh M3MEPSIN MO HampasieHuto numposanus. [Ina mydrsr 14 chopmuposanu Ha
Hell TBepaoe cMa304Hoe MoKpbiThe 23. TBepaoe cMa304HOE MOKPBITHE 23 MPEACTaBIsIo COOOH
NOKPBITHE W3 HUMEIOLIEICS B MPOAake Ha PBIHKE TEPMOOTBEPKAAEMON 3TOKCHIHOW CMOJBI.
TBepaoe cMa304uHOE MOKPBITHE 23 UMENO TONIIUHY IIEHKHA 25 MKM.

[0108] OueHuBamu CONMPOTUBIIEHUE 3a€HaHUIO0 U KPYTSIIIMH MOMEHT Ha 3aruieduke. B
KounrponeHom [lpumepe olieHuBanu TONBKO CONMPOTUBJICHHUE 3a€NaHUIO, HO KPYTAILINIT MOMEHT
Ha 3aIUIeYlKe He OLIEHUBAIU.

[0109]

[OLeHOUHOE UCTIBITAHNUE COTTPOTUBIIEHUS 3a€1aHMIO |

OueHOYHOE HCIIbITAaHWE COIMPOTUBJIEHUS] 3a€JaHUI0 IPOBOAMINM B COOTBETCTBUM CO
crangaptoM ISO 13679 (2011). bonee xoHkperHo, Hunmnenu 13 u MydTel 14 B HCHIBITAHUSIX
HOMep 1 W 2 CBUHUMBaNIM JpPYyr C JPYrOM C 3aTITMBAHHEM BPYYHYIO (3aTSrWBaeM C
NPUIIOKEHUEM MYCKYJIBHOTO YCHJIHSI), TMOKa pe3bOOBble YYACTKM HE BXOIMIIM B 3aLEIUICHUE
MeXay coOOW Ha Ha4daJbHOM 3Tare 3aTsruBaHus. [locne 3aTAruBaHus BPYYHYIO HCIOJIb30BAIIH
NPUBOAHONW TPYOHBIN KJIIOY Uil TIOBTOPEHMS 3aTATHBAHUS U OCNabieHHs, YTOOBl OLICHUBATh
cornpoTuBiieHHe 3aenaHmo. IlosepxHoctn Hunmenei 13 u moepxHocTH My(dT 14 BH3yanmpHO
o0cnenoBany BCAKUN pa3, Kak TOJBbKO MPOBOAMIIN 3aTsruBaHue u ocnabnenue. Ilponcxonuno au
3aenaHue, MPOBEPsUIM BU3yalbHBIM OOcCienoBaHueM. B ciydae, rne cremeHb 3aenaHusi Obuia
MaJIOH, U MOSTOMY HOBEPXHOCTb ObLIa NMPUTrOJHOHN Uil PEMOHTa, OOYCJIOBJIEHHBIE 3aelaHHeM
3aMpbl PEMOHTUPOBAJIY, U UCIBITAHUE NPOAOKAIN. M3Mepsinu 4ucio LUKIOB 3aTATMBAHUSA U
ocnablieHnss B MOMEHT BPEMEHHM, KOrZa IMPOUCKXOIMJIO TaKOe 3aefaHue, YTO MOBEPXHOCThb
CTAaHOBWJIACh HENPUTOAHOM Ui peMOHTa. Pe3ynbraT u3MepeHHs TIOKa3aH B  IIOJe
«COMpOTUBJICHHE 3aenaHuio» B Tabnuue 2.

[0110]

[UcnibiTaHue A n3MepeHus KpyTsIIero MOMeHTa Ha 3aruievuke |

Hunmenu 13 u my¢dTsr 14 B ucnbeitanusix Homep | u 2 CBUHYMBAIM JPYT C JAPYrOM, U
YHCJIO LIUKJIOB 3aTSATUBAHUS (OOHO NEMCTBUE IJIsl CBUHYMBAHUS U NEHCTBUE I pa3BUHYMBAHUS
CUMTAJINCh KaK OAWMH LIUKJI 3aTATHBAHUS), U U3MEPSUTH KPYTSIUil MOMEHT. MI3MepeHHble YHCIio
00OpOTOB M KPYTALINIT MOMEHT HAHOCUJIM Ha rpadpuK il ONpPeNeIeHHs] KPYTAIIero MOMEHTa Ha
3amieunke. [IOBTOpsIM CBHHUMBAHWE W Ppa3BUHYMBAHUE (3aTATMBAHUE), M KaXKIbIA pa3
U3MEPsUIA KPYTALIMIA MOMEHT Ha 3amjeduke. llonydeHHbl KpyTALUNA MOMEHT Ha 3aILUICYUKe
UCIIOJB30BAJIM Ul pacueTa OTHOLIEHMsI KpPYTALIEro MOMEHTAa Ha 3allleduKke K LEJIeBOMY
MomeHTy 3aTspkku (ShT%). LleneBoli MOMEHT 3aTspKKM ObUT HACTPOGH Ha (PUKCHPOBAHHOE
3HaueHne. Tabmuua 3 TOKa3bIBaeT pe3yjbTaThl pacdera. B ciyuae wucnbiTaHus HOmep |,
3aeqaHne MPOMCXOAMIIO TAKUM 00pa3oM, YTO KOHTAKTHAs TIOBEPXHOCTh OblJIa HEPEMOHTUPYEMOM

IpU MATOM 3aTATUBAHUU U OC.]'Ia6.]'IeHI/II/I, MOoCJIC 4EeTr0o MOCICAYIOINE UCIIbITAHWUA BBUAY 3TOrO HE
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IIPOBOAMIIN.
[0111]
[Tabmuma 3]
TABJIMLIA 3
Yucno ukioB | ShT (%)
3aTATMBAHUs Hcnbrranue Homep 1 Hcnbitanne Homep 2
1 48,8 53,0
2 554 45,0
3 60,9 36.0
4 64,1 39,0
5 70,7 43,0
6 - 42,0
7 - 42,0
8 - 43,0
9 - 44,0
10 - 44,0
[0112]

[Pe3ynbTaThl OLICHKH |

B cny4ae ucnpitanust Homep 2 chOpMHUpPOBAIN HETJAAKUN TUakupyromui cioit 21 Zn-
Ni-cninasa. IloaTomMy He NPOBOAMIN 3Tall CO3/1aHUS MOBEPXHOCTHOM IEPOXOBATOCTH, TAKYIO KaK
neckocTpyiitHas oOpaboTka, HO cpenHeapupmerHdeckas MmepoxoBaTocTb Ral moBepxHOCTH
miakupyromero cios 21 Zn-Ni-cimaBa Bapbuposana ot 0,1 no 3,2 Mmxm. B pesynbrare 3TOoro
CONPOTUBJICHUE 3a€JaHUI0 COCTaBJANO 10, KOTOpOe sABJIAETCS BBICOKUM 3HAYEHHUEM.
ConpoTuBieHue 3aef1aHu0 B Cly4dae UCIBITAHUS HOMEp 2 SIBJSIETCS MOYTH PaBHBIM BEJUYHHE
COTIPOTUBJIEHUS 3aefaHui0, AoCTUrHyToro B KontponbHoMm Ilpumepe, B KOTOPOM MHpOBOAUIH
MECKOCTPYiHY0 00paboTky. Kpome Toro, B ciiydae MCMbITAHKSI HOMEP 2, B KOTOPOM HETJIaIKHii
wiakupyrommid  ¢ioii 21 Zn-Ni-crutaBa  chopmupoBanu 0e3 BBINOJHEHUS MECKOCTPYHHOM
00paboTku, cpenHeapupMeTHIecKas mepoxoBaTocTh Ral MOBEPXHOCTH MIAKUPYOIIEro ¢jios 21
Zn-Ni-craBa Obuta Oonbleid, yeM cpenHeapupMeTnyeckas MepoxoBaTocTh Ra2 KOHTaKkTHOH
NOBEPXHOCTU. bonee TOro, B cily4ae MUCHOBITAHUS HOMEP 2 KPYTSIUUM MOMEHT Ha 3aIuleduKe
COXpaHsuIcs mpu Oojiee HU3KOM 3HAYEHHMH, YeM KPYTSIIUHA MOMEHT Ha 3allIeudke B Cliydae
UCTIBITAHUS HOMED 1, ake rmociie MOBTOPEHUS 3aTSTUBAHMS U OCTA0JICHUS.

[0113] B cnygae wucnbeiTaHust HOMep 1, B KOTOPOM CQOPMHPOBAIM IIIAAKHUIA
wiakupyrommii - cnod 21 Zn-Ni-crimaBa, cpenHeapudmeTrnueckass —mepoxoBaTocTs Ral
MOBEPXHOCTU TUIakupyromero ciost 21 Zn-Ni-crnaBa coctasisuia meHee 0,1 mxm. Ilostomy
COIPOTHBJIEHHUE 3aeqaHnI0 ObpUIO TIoXuM. Kpome Toro, B ciiydae ucrbITaHus HOMep | KpyTsALuii
MOMEHT Ha 3aIUIeYHKe BO3PACTAJ IO Mepe MOBTOPEHMS 3aTATUBAHUS U OCIa0IeHNUs.

[0114] Berme Obut OnucaH BapuUaHT OCYLIECTBJICHUs HACTOALIEro n3odpereHus. OqHako
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ONMCAHHBIM BBIIE BAaPUAHT OCYIIECTBJICHUS MPEACTABISIET COOOM TOJNBKO OAMH MpPUMED
OCYIIECTBIIEHHsI ~ Hacrosimero u3oOpereHus. IlosTomMy Hacrosiimee wu300peTeHHE  He
OTPaHUYMBAETCS] ONMMCAHHBIM BbIlIE BAPUAHTOM OCYILIECTBJICHUs], U ONUCAHHBIN BbIIIE€ BAPUAHT
OCYIIECTBIIEHHSI MOXKET OBbITh U3MEHEH HaJIeKalINM 00pa3oM B TaKOH Mepe, YTO U3MEHEHHUE He
BBIXOJUT 3a NpEAeNbl NMpeaMeTa HACTOSIIEro HU300peTeHus, W HUCIOJHSAETCS B H3MEHEHHOM
bopme.

CITMCOK CCBIIOYHBIX MO3HULIUU

[0115]

11 cranpHas TpyOa

12 coenuHUTENBHBINA (PUTUHT

13 Hunnens

14 mydTa

15 y4acTok HapyKHOH pe3pObI

16, 19 MeTannMuecKkuil yIJIOTHUTENbHBINA Y4aCTOK

17, 18 3amie4nKoBbIi y4aCTOK

20 y4acToK BHyTPEHHEH pe3bObI

21 nnaxupyromuii cioi Zn-Ni-crasa

23 TBepAOe CMAa304YHOE MOKPBITHE

50 pe3pOoBOE coenuHeHue st Tpyo
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D®OPMYJIA U3OBPETEHUS

1. Pe3pOoBoe coeamHeHue g TPyO, BKIKOHAIOINEE HHUMIMETb W My(Ty, KaKAbli U3
KOTOPBIX BKJIFOYA€T KOHTAKTHYIO IOBEPXHOCTb, BKJIIOYAIOIIYIO Pe3bOOBOH yYaCTOK, MpHUYEM
pe3pOoBOE COeAMHEHHE I TPYO COAEPIKUT:

IUIAKUpYomui cioi Zn-Ni-cruiaBa, oOpa3oBaHHBII HA KOHTAKTHOH MOBEPXHOCTH IO
MEHbLIEH Mepe OHOro U3 HUMmnens U MyQrol, U cogepkammii ot 10 1o 16 macc.% Ni; u

TBEPAOE CMa30YHOE MOKPBITHE, 00pPa30BaHHOE Ha IJIaKUpyomeM cioe Zn-Ni-crasa,

NpUYeM KOHTAKTHAs MOBEPXHOCTh, HA KOTOPOW 0Opa30BaH IUIAKHPYIOLIHHA cIok Zn-Ni-
CIUIaBa, SBJISIETCS OTULTN(OBAHHOM, U

KOraa cpenHeapupMeTHIecKas MepoXOBaTOCTh MOBEPXHOCTH IUIAKUPYIOIIErO Ciosi Zn-
Ni-criiaBa, M3MEpeHHasi ¢ HCIOJb30BAHUEM JIA3€PHOTO MUKPOCKOMA BIOJIb HATPABJICHUS, B
KOTOpOM OTHUTH(OBaHA KOHTAKTHASI TOBEPXHOCTD, onpexaensiercs kak Ral, a

cpenHeapuMeTHUecKass MIEpOXOBATOCTb KOHTAKTHOH IMOBEPXHOCTH, H3MEPEHHasl C
UCTIOJIB30BAHUEM JIA3€PHOI0 MUKPOCKOMA BAOJb HANpaBieHUs NUTH(OBAHUS, ONPENEISIETCs] KaKk
Ra2,

cpenneapupmeTrueckas mepoxonsaroctb Ral Bapeupyercs ot 0,1 1o 3,2 Mkm, u

cpenHeapupMeTuIecKas IIEePOXOBATOCTD Ral SIBJISIETCSI OombIIeH, 4eM
cpenHeapudmeTndyeckas MepoXxoBaToCTh Ra2.

2. Pe3p0oBoe coenuHerne aisi Tpyo mo 1. 1,

B KOTOPOM cpenHeapudmerndeckas mepoxosaTocTb Ral Bapeupyercs or 0,1 mo 0,4
MKM.

3. Pe3pboBoe coequnenue st TpyO mo 1. 1 wm 2,

B KOTOPOM KakAas M3 KOHTAKTHBIX ITOBEPXHOCTEH JONOJHHUTENBHO BKJIFOUAET
6e3pe3p00BOI METAJUTMUECKUH KOHTAKTHBIN Y4aCTOK.

4. Criocob M3roToByeHHs1 pe3b00BOr0 COSAUHEHHS AJsl TPYO, BKIIFOUAIOINETrO HUIIIENb U
My(QTy, KaXAbI M3 KOTOPbIX HMEET KOHTAKTHYIO IOBEPXHOCTb, COMAEPIKAIIYI0 pPe3bOOBOI
y4YaCTOK, IPUYEM CIIOCO0 BKJIFOUAET STAIlbI:

oOpa3oBaHUs TIAKUPYrOIero ciost Zn-Ni-criasa, cogepsxkainero ot 10 no 16 macc.% Ni,
U HMMEIOLIEr0 CpeaHeapu(pMETHYECKy IIepoXOBaTOCTh Ral MOBEPXHOCTH, H3MEPEHHYIO C
UCTIOJNIB30BAHUEM JIa3€PHOTO MHKPOCKOIA BIOJb HANpPABJIEHUS, B KOTOPOM KOHTAKTHAs
NOBEPXHOCTh  oTuuTMdoOBaHa, Bappupyromyrocs ot 0,1 mo 3,2 MkMm, B mpomecce
3JIEKTPOJIUTUYECKOTO TUIAKUPOBAHMS HA KOHTAKTHOM MMOBEPXHOCTH MO MEHbIIEH Mepe OTHOTO U3
HUMIENsE U MyQThI, 0€3 BBINOIHEHUS CTPYHHON 00paboTKy; 1

o0pa3oBaHMsI TBEPIOTO CMa30YHOIO MOKPBITHS HA TUTAKHPYIOLIeM cioe Zn-Ni-cruiaBa 0e3
BBINTOJIHEHHSI CTPYHHOM 00padoTKH.

5. Cioco0 u3roToBieHus pe3b00BOro COeNMHEHMs Uit TPYO 1o 1. 4,

B KOTOPOM KaX/ias W3 KOHTAKTHBIX ITOBEPXHOCTEH IOIMOJHHUTEIbHO BKIOYAET
0e3pe3b00BOI METAITMYECKH KOHTAKTHBIH YYaCTOK.
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 TMHEVHOTO YHACTKA
. KPYTALLAM MOMEHT HA
T MPEAESE TEKYYECTY
|_
- | MOMEHT 3ATSKKY
S PASHOCTb MEXZY KPYTALLIAM (OMTAMATTbHI/
= MOMEHTOM HA NPELENE KPYTALLAN MOMEHT)
= TEKYYECTI W KPYTALLIM
= MOMEHTOM HA 3AMTTEVKE
>
&
______ KPYTSLLIAM MOMEHT HA
3ATTEYYKE
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