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(57) Hannoe n300peTeHNe TpeAnaracT KOMIIO3WIMI0 W pe3pOoBoe coeamHeHwe (1) mast TpyO wim

narpyOKoB, KOTOpOE COAEPKHUT ciiol (21) cMa304HOTO MOKPHITHS, BBHIMOJHEHHOTO W3 KOMIO3UIIHH.
Kommo3unust HacTosiIIero BapuanTa OCYIIECTBICHHS SBIISICTCS KOMIO3UIMEH Uit GOPMHUPOBaHUS CIOS
(21) cmMa3o4HOTO MOKPBITHS Ha pe3b0oBoM coenuueHuH (1) aust TpyO wiu narpyOkoB u conepkut Cry0s,
METANIMYECKOE MBLIO, BOCK M OCHOBHYIO COJb METajla M apOMaTHYECKOM OPTaHWYECKON KHCIIOTHI.
Pe3pboBoe coeqmuaenue (1) ms TpyO wiIu MaTpyOKOB HACTOSIIETO BapHAHTA OCYIIECTBICHUS CONCPKHUT
Hummens (5) u mydry (8). Hummens (5) u mydra (8), kKaxkaas 9acTb, comepKar KOHTaKTHYIO IIOBEPXHOCTb,
coiepKanIyIo pe3p0oBoi yyacTok (4), (7), a Takxke cBOOOTHBIN OT pe3bObl METAITHYCCKUH KOHTAKTHBIN
y4dacTok. Pe3p0oBoe coenuuenue (1) mis TpyO MiIu maTpyOKOB COACPIKUT CaMbIil JadbHHUN OT OCH CIIOH,
ABJISFOIIUIACS cnoeM (21) cMa309HOTO MOKPHITHS, BBIITOJHEHHBIH U3 BRIIICYIOMSIHYTOH KOMIIO3HUILIUH IO
MEHBIIIeH Mepe Ha OHOM U3 KOHTAKTHBIX MOBEpXHOCTeH Hummenst (5) u Myt (8).
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OIIMCAHUE U3OBPETEHUA
2420-562510EA/085
KOMIIO3uN s U PE3bBOBOE COEAUHEHMUE JUUIA TPYB NI TATPYBKOB,
COAEP/KAIIEE CMA3OYHOE INOKPBITHUE, BLIITIOJTHEHHOE U3
KOMIIO3uun

IMPEJITOCBIJIKW U30bPETEHU A

OBJIACTH TEXHUKH

[0001] Hacrositee n3o0peTeHne OTHOCUTCSI K KOMITO3UIMH, B YaCTHOCTH, K KOMIIO3HIIHU
I CO3AAHUSl CJIOS CMA304YHOIO MOKPBITHS, NMPUMEHSIEMOIro B Pe3bOOBOM COEIUHEHMU IS
TPYOHBIX M3AENNH HEPTENPOMBICIOBOIO COPTAMEHTa, U TAaKXK€ OTHOCHTCS K pPe3bOOBOMY
COEIMHEHUIO Il TpyO WM marpyOKOB, KOTOPOE COAEPIKUT CIOH CMa304YHOTO IOKPBITHS,
BBIMIOJTHEHHOTO U3 KOMITO3ULIUH.

YPOBEHb TEXHUKH

[0002] TpyOrl mnst HE(TAHBIX CKBAXXMH HMPUMEHSIOT AJIsI CTPOUTENIBbCTBA CKBAXKHH HA
He(DTAHBIX M Ta30BBIX MECTOPOXKACHUSX. TpyObl M1t HE(TIHBIX CKBAXKHH CO3MAOT, COEIUHSI
MHOKECTBO CTAJIbHBIX TPYO COracHO riyOuHe ckBakuHbL COeNMHEHHEe CTaJbHBIX TPYO MOMKHO
NPOU3BO/INTh, CBUHYMBAsS pPe3bOOBBbIE COEAMHEHMS TPyO WM MaTpyOKOB, BBITOJHEHHBIE Ha
KOHLIAX JBYX CTajbHbIX TPyO. Korna Bo3Hukaer npobnema B mpouecce padoT 10 3aKaHYMBAHUS
He(DTSHOH CKBaKMHBI WM TOCIE 3aKAHYMBAHUS HE(PTSIHOW CKBaXXHMHBI, TPYOHbBIE M3IEIHS
He()TenPOMBICIIOBOrO COPTAMEHTa MOTYT HEOJAHOKPAaTHO IOAHMMATh HAa IIOBEPXHOCTb U
Pa3BUHUYMBATH JJIs1 IPOBEPKH MOBEPXHOCTEH MX Pe3bOBI U T.I1., U 3aT€M MOBTOPHO CBHHYHBATDH U
CITyCKaTh B CKBAYKUHY JJIsl SKCIUTyaTall1u.

[0003] Pe3nboBOe coenuHeHue njisi TpyO WM MATPyOKOB COAEPKUT HUMIMENb U My(TY.
Hunmnenb comepXUT OXBaTbIBA€MbId pPe3bOOBOI y4YaCTOK, BBINIOJHEHHBIH B  HApPYy KHOM
nepudepuiiHON MOBEPXHOCTH Ha KOHLE TpyObl. MydTa COmepKUT OXBATHIBAOINUI Pe3bOOBOH
YyYaCTOK, BBIIIOJIHEHHBII BO BHYTPEHHEW Nepu(pepuiiHOW TMOBEPXHOCTH HA KOHLE TPYOBI.
Hunmnenb 1 MydTa MOTYT Takke conepkaTh CBOOOAHBINA OT Pe3bObl METAITHYECKUI KOHTAKTHBIH
y4acTok. Pe3p0oBbIe yHacTKH M CBOOOIHBIE OT PE3bObl METAJUIMYECKHE KOHTAKTHBIC YYaCTKH
HUMNEIsT U My(Thl MHOTOKPATHO HCHBITHIBAIOT CHJIBHOE TPEHHE BO BpPEMsi CBHHYMBAHHUSA U
pa3BuHUMBaHUS TPyO. Eciu maHHBIE yYacTKHM HENOCTATOYHO YCTOHUYMBBHI K TPEHUIO, JOJIKHO
BO3HHKATh MOBEPXHOCTHOE TNOBPEXKACHHE (HEPEMOHTONPUTOMHOE 3aeAaHHE) BO BpEMs
MHOTOKPAaTHOTO CBHHYMBAHMS U Pa3BUHUMBAHU. TakuMm 00pa3om, pe3b0OBOMY COCTUHEHUE ISt
TpyO wWIM maTpyOKOB HEOOXOOUMO HMETh JOCTATOYHOE CONPOTUBJICHHE TPEHHIO, T.€.,
UCKJIFOUUTENIBHY0 CTOHKOCTB K IOBEPXHOCTHOMY MOBPEKICHHUIO.

[0004] Mo cux mop NPUMEHSIOT COAEPIKAIIME TSKENble METAJUIbl KOMITay HIHBIE
KOHCHUCTEHTHbIE CMa3KH, Ha3blBaeéMble TPYOHBIMH CMa3KaMH, MJIs YJYULIEHHS CTOMKOCTH K
MOBEPXHOCTHOMY MOBpexAeHur0. HaHeceHne KOMNayHIHONH KOHCHUCTEHTHOH CMas3KH Ha
MOBEPXHOCTh PE3bOOBOr0 COEAMHEHHs Al TPYO MM MaTpyOKOB MOXKET YJIYUIIUTh CTOUKOCTh K
MIOBEPXHOCTHOMY TOBPEKACHUIO pe3p00OBOro coequHeHus aus TpyO mim marpyOkoB. Bmecrte ¢
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Pb, Zn u Cu, MOryT OTpHLATENFHO BIMATH HA OKPYXKamIMyro cpeny. Ilo maHHOW mpuuuHe
TpeOyercst pa3paboTka KOMIO3HMLMHU JJIsI CO3IaHUS CIIOS CMAa30YHOIO MOKPBITHS B pe3bOOBOM
COEOMHEHUH Uil TPyO wWiM mnaTpyOKOB, B KOTOpPOH HE TPUMEHSIOTCS KOMIIAyHHbIE
KOHCHCTEHTHbIE CMa3KU.

[0005] B ny6nukanun nareHTHOH 3asBku W(02009/057754 (IlatentHas nureparypa 1) u
nyOukanuu nareHTHou 3asiBku W02014/024755 (IlarentHas aurepatypa 2) NMPEmsioKeH CIIOH
CMa304YHOTO MOKPBITUS, OOECTEeYMBAIOIINI NPEBOCXOAHYK) CTOHKOCTh K IOBEPXHOCTHOMY
NOBPEXACHUIO 0€3 NMPUMEHEHHs KOMITAYHIHONW KOHCHCTEHTHOH CMa3KH{, a TAKXKe KOMIIO3MLIUS
111 CO3TJAHUSI CJIOSI CMa304HOTO MOKPBITHUS.

[0006] Cnolt cMa304HOrO MOKPBITHSL, onucaHHbIi B [laTenTHON nuteparype 1 comepxur
OIHO WK 00a, KaHU(OJIb 1 PTOPHUI KANbLHS, a TAKXKE METAJUIMYECKOE MBLIO, BOCK 1 OCHOBHYIO
COJIb MeTaJlJla U apOMaTUYECKON OpraHu4ecKkou kuciaoTel. B IlatenTHon nurepatype 1 onucaHno,
YTO B pe3yJIbTaTe, CJIOH CMa304yHOIrO MOKPHITHA 00ECIIeYNBAET MPEBOCXOAHOE MMPOTUBOIEHCTBHE
MOBEPXHOCTHOMY NOBPEXACHUIO, FA30HEIPOHULIAEMOCTh U AaHTUKOPPO3UiTHbIE CBOMCTBA.

[0007] Kommno3uuusi Ajsi CO3MaHMs CJIOST CMA3O4HOTO TOKPBITHS Ha pPe3bOOBOM
coenMHeHMN mnatpyOka, onucaHHas B IlaTeHTHOW muTepaTtype 2, COAEPKUT MENIaMHHOBOE
IPOU3BOAHOE LIMAHYPOBOM KHUCJIOTBI M OCHOBHYK COJIb MeTajljla U apOMaTHYeCKON
OpPraHMYeCKOH KHCJIOTBL, a TAaKKe ONHO WJIM HECKOJIBKO BELIECTB, BBIOPAHHBIX W3 TPYIIIbI,
COCTOsIIIEH M3 MaTepuajla Ha OCHOBE COCHOBOM SKMBMLBI, BOCKA, METAUIMYECKOrO MblIa U
nopomkoobpa3Hor cmasku. B IlarenTHOW suTeparype 2 ONMCAHO, YTO B pe3yJbTaTe,
MOJIYYEHHBIH CJIOW CMA30YHOTO TOKPBITHS O0ECMeYrBaeT OTJIUYHbIE MPOTUBOACIHCTBUE
MOBEPXHOCTHOMY NOBPEXACHUIO, FA30HETIPOHULIAEMOCTh U aHTUKOPPO3HUiTHbIE CBOMCTBA.

CIIUCOK NTPOTUBONOCTABJIEHHBIX MATEPUAJIOB

HATEHTHASA JIUTEPATYPA

[0008] IlarentHast usuteparypa 1: IlyOnmkaumss MexayHaponuoit 3asiBku Ne
WO02009/057754

IMarenTHas nureparypa 2: [Tyonukanus MexnyHaponHou 3assku Ne W02014/024755

CYIIHOCTD U30BPETEHUA

TEXHUYECKASA TPOBJIEMA

[0009] B naHHOM COeIUHEHWUW pPe3bOOBBIE YYACTKU U CBOOOIHBIE OT pPe3bObI
METAJUINYECKHE KOHTAKTHBIE YUACTKH HUMMENS U My(Thl COIEPIKAT YYACTKH METAJUINYECKOTO
VIUIOTHEHUs] U 3aIUIEYUKOBbIC YYacTKH. BO BpeMsi CBHHYHMBAaHUS pe3bOOBOTO COCTUHEHHUS IS
TpyO wiu naTpyOKOB, KOTOPOE HMEET JINIIEHHBINA Pe3bObl METAITHMYECKHI KOHTAKTHBIN Y4aCTOK,
3aIUICYNKOBBIE YYaCTKU HHUIMEN U My(Thl BXOOAT B KOHTAKT APYr C apyrom. Kpyrtsmuii
MOMEHT, KOTOpBI B 3TO BpeMs BO3HUKAET, HA3bIBAIOT "KPYTSIIMM MOMEHTOM IpU yIIOpe B
3amieunku”. Bo BpeMsi CBUHYMBAaHUS Pe3bOOBOIO COEAMHEHHS Uil TPYO WM MaTpyOKOB IMoCHe
JOCTHXKEHHUS] KPYTSILIEro MOMEHTa NpPU YIOpe B 3aIUIEYUKU CBUHYMBAHUE IPOJOJIKAIOT 10
3aBepIICHUS] CBUHYMBAHMA. [10CpeCTBOM 3TOr0 yJydIIal0T ra30HENPOHULIAEMOCTh PE3b0OBOTO
coennHeHus: Uit TpyO miam marpyOkoB. Ecnu cBHHUMBaHHME MPOROIDKAETCS Jajee, METaJul 1o

MeHBIIIeH MEpE OAHOIrO, HUNIMECITA H My(I)TbI Ha4YMHACT TNPETEPNEBATh INIACTHUYCCKYIO
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nedopmannio. KpyTsamuii MOMEHT B TaKOH MOMEHT BPEMEHH Ha3bIBAIOT "KPYTSIIIUM MOMEHTOM
Ha Tpejene TeKyuecTu".

[0010] KpyTtsiimuii MOMEHT, KOrJa CBUHYHMBAHHE 3aBepIIaeTcsi (31eCh, HA3bIBAEMBIN
"KpyTSAIIUH MOMEHT CBHHUYMBAHUS') YCTaHABIMBAIOT TAKHM, YTOOBI MOJYYHTH JOCTATOYHOE
JaBJeHUE NIl YIUIOTHEHMsI YIOPHBIX MOBEPXHOCTEH, BHE 3aBHCHUMOCTU OT KOJIUYECTBEHHOIO
nokaszaresst 3aenaHust pe3pObl. Ecnm mmeercs nocraTodHas pasHOCTh MEXKAY KPyTSIIUM
MOMEHTOM TIpH YIOpEe B 3aIUICYHKH U KPYTALIMM MOMEHTOM Ha Ipefesie TEeKy4ecTH (31ech
JIaHHYI0 pa3HoCTh Ha3biBaoT " AT' KpyTslmero MOMEHTa NMPU CONPOTHUBICHHM 3aIJIEYHUKOB"),
JNana3oH KPyTSLEro MOMEHTAa CBUHYMBAHUSA pacmupsiercs. B pesynbrare, KpyTsmuil MOMEHT
CBUHUYMBAHU Jierko peryiupyercs. [Toaromy, HeoOxonumo 4ToObl pe3b0oBOE COeTUHEHNE IS
TpyO mnu matpyOkoB MMeno oba KavyecTBa, BBIMEYIIOMSHYTYI) CTOMKOCTh K MOBEPXHOCTHOMY
MOBPEKACHUIO U BBICOKYIO AT' KpyTsliero MOMeHTa Ipu CONPOTUBIEHUH 3aIlJIEYUKOB, TO €CTb,
yJIyUlIeHHbIE MOKa3aTeNu padoThl MPU YCKOPEHUHU POCTa KPYTALIero MoMeHTta. J[aHHOe Takxke
IPUMEHUMO IO OTHOIIEHHIO K pe3b00BOMY COCIUHEHHIO Uil TPyO Wi maTpyOKOB, KOTOpPOE He
UMeeT JIMUIEHHOrO pe3bObl METAJUIMYECKOrOo KOHTAKTHOIO ydacTka (B 4YacCTHOCTH,
3aIIeYnKoOBOro yuactka). Jlake korma pespOoBoe coemuHeHue i TpyO mim matpyOKoB He
UMeEeT 3aIUIEYMKOBOrO Y4acTKa, €CJIM BBICOKMHM KPYTALIMHA MOMEHT IOCTUIAeTCs BO BpeMs
BBICOKOTO JIaBJIGHUsI HA YIOPHBIX IIOBEPXHOCTSAX, PEryJUPOBKAa KpPYTSIIEro MOMEHTa
CBHHYHMBAHUS JOJDKHA OBITH POCTOM.

[0011] 3amaueii Hacrosimmero M300peTEeHUsl SBISETCS OOECTEeYeHHEe KOMITO3ULIUHM ISt
NOJIyYeHUs1 pe3b00BOrO COSAUHEHUs AJisl TPYO WM MaTpyOKOB C MPEBOCXOAHOM CTOMKOCTBIO K
MOBEPXHOCTHOMY TOBPEKACHUIO U YJIyYIIEHHBIMH MMOKA3aTeNIIMU pabOThI IPU YCKOPEHUHU POCTa
KPYTSIIEr0o MOMEHTa, a TakKe pe3b0OBOro CoeauHeHus: st TpyO wiu maTpyOKOB, KOTOpOe
COIEP>KUT CJIOW CMA30YHOTO TMOKPBITHS, BBIMOJIHEHHOTO M3 KOMIIO3ULMH C TMPEBOCXOMHOMN
CTOHKOCTBIO K MOBEPXHOCTHOMY IOBPEXIEHUIO M YJIYUYLICHHBIMH TOKa3aTesIMU pabOThl TpU
YCKOPEHUH POCTa KPYTSALIEr0O MOMEHTA.

PEHIEHUE TPOBJEMBI

[0012] Kommo3unusi BapuaHTa OCYLIECTBJIEHUS SIBJISIETCS] KOMITO3UIIMEH U CO3aHUS
CJIOSI CMA30YHOTO TOKPBITHS Ha Pe3bOOBOM COENUHEHHUHU JUIA TPYO WM MaTpyOKOB, MpUYEM
koMnosunus copepkutr Cr,Os;, MeTaquiMdeckoe MbLUIO, BOCK U OCHOBHYIO COJIb MeTallla U
apoOMaTUYECKON OpraHu4e€CKON KUCIOTBHIL.

[0013] Pe3pboBoe coenwHeHHe ISl TPYO WM MaTpyOKOB MPEIJIOKEHHOTO BapHaHTA
OCYILECTBJICHUS SIBJIIETCSI PE3bOOBBIM COEAMHEHHEM [Uid TpyO WM matpyOKOB, KOTOpOe
comep kT Hunmneab 1 Mygry. Hurmens u Mmydra, KaKabli, CONEp>KUT KOHTAKTHYIO TOBEPXHOCTh
C pe3b0OBBIM YYaCTKOM H CBOOOIHBIM OT pPe3bObl METAJUINYECKUM KOHTAKTHBIM YYaCTKOM.
Pe3nboBOe coenmHeHue st TPYO MM MAaTpyOKOB COMEPIKUT, KaK CaMblil JaJIbHUI OT OCH CIIOM,
CJIOM CMAa304YHOrO MOKPBITHUS, BBINOJHEHHbIM U3 BBILIEYNOMSHYTOW KOMMO3ULIMU MO MEHBIIEH
Mepe Ha OJTHOW M3 KOHTAKTHBIX MOBEPXHOCTEH HUMIEISI U My (D THL

HNPEAINOYTUTEJIBHBIE D®PEKTbI U3OBPETEHUA

[0014] Pe3pboBOe coenmuHeHue st TpyO WM MAaTPyOKOB HACTOSIIEr0 BapHaHTa
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OCYILIECTBJIEHUS] COAEPKUT CJIOH CMa30o4yHOro mnokpeiTus. Kommosuinus i co3gaHus
BBILIEYTOMSHYTOTO CJIOST cMa3o4yHoro mokpeiTusa copepxut Cr,Os. Ilostomy, pespOoBoe
coenHeHue s TpyO MM maTpyOKOB HACTOSIIErO BapHAHTA OCYINECTBJICHUS AEMOHCTPHPYET
IPEBOCXOJHYI0 CTOMKOCTh K TIIOBEPXHOCTHOMY IIOBPEXIEHUIO, Nake IPH MHOTOKPATHOM
CBUHUMBaHUM. B nmomonHenune, pe3pOoBoe coenuHeHHe sl TPyO WM maTpyOKOB HACTOSINETrO
BapHUaHTAa OCYIIECTBJICHUS EMOHCTPUPYET YJIYUILICHHbIE MOKa3aTeIH paldOoThl NMPH YCKOPEHUU
pocTa KpyTSALIEr0o MOMEHTA.

KPATKOE OITHCAHUE YEPTEXEN

[0015] Ha ¢ur. 1 mokazan rpaduk 3aBUCHUMOCTH KOJHYECTBA OOOPOTOB Pe3bOOBOIO
COEMHEHUsT Ajs TpyO MM maTpyOKOB, MMEIOIIErO 3aIlIEYHKOBBIA Y4aCTOK, OT KpPYTSINEro
MOMEHTA.

Ha ¢ur. 2 nokasan rpaduk 3aBucumMoctu Mexay conepxkanuem CryO; B KOMIO3ULIUU JJIS
bopMHUpPOBaHMS CJIOS CMAa30YHOIO TMOKPBITUS M IOKa3aTeNsiMu paboThl NMPU YCKOPEHHUH pOCTa
KPYTSIIEro MOMEHTA.

Ha ¢ur. 3 nokasaH rpadux 3aBucumMocTu Mexny conepkanueM CryO; B KOMIO3ULMHU IS
(bopMUpOBaHHS CJIOS CMA30YHOTO MOKPBITHSI U CTOMKOCTBIO K IOBEPXHOCTHOMY TOBPEXKIEHHIO.

Ha ¢ur. 4 nmokaszaHa cxema KOHQUIypaUuu pe3bOOBOTO COEAMHEHHs Ui TPyO WM
naTpyOKOB HACTOSIIETO BAPUAHTA OCYLIECTBICHHUS.

Ha ¢ur. 5 mnokasaHo ceueHue pe3bOOBOrO COEOUHEHHs ANl TPyO WM NaTpyOKOB
HACTOSIIEr0 BApUAHTA OCYLECTBJICHMSI.

Ha ¢ur. 6 nokasaHo cedeHHe KOHTAKTHOW MOBEPXHOCTH Pe3bOOBOrO COCOMHEHUS IS
TpyO Ui naTpyOKOB HACTOSIILETO BAPHUAHTA OCYLECTBIICHHS.

Ha ¢ur. 7 nokazan rpaduk mis onucanus Ha npumepe AT' kpyTsimero MOMeHTa mpH
COTIPOTUBIIEHUH 3aIUIEYHKOB.

OIIMCAHUE BAPUAHTOB OCYHWECTBJIEHUS

[0016] Hacrosiimuii BapuaHT OCYIIECTBJIEHHs OMUCAH MOAPOOHO HMKE CO CChUIKAMHU HA
yepteskd. OIMHAKOBBIE CCBUIOYHBIE TMO3MLWU MPUMEHEHBI MO BCEM uepTeXaM JUIsl YKa3aHUs
OJIMHAKOBBIX WJIM aHAJIOTHYHBIX YacTEH, UX OMHCAHUE HE TIOBTOPSIETCS.

[0017] Uzobperarenn NpOBONMIM pPA3JUYHbIE HCCIECAOBAHUS, KaCAIOIINECs CBsi3eHd
MEXIy KOMMO3HMLUEH IIsi (POpMHUPOBAHHUS CIOS CMAa30YHOTO TMOKPBITUS i Pe3bOOBOrO
coenuHeHus: st TpyO WM maTpyOKOB, pe3bOOBOrO COEAMHEHHs Ui TPyO WM matpyOKoB, a
TAK)K€ CTOHKOCTH K MOBEPXHOCTHOMY TOBPEKACHUIO U MOKA3aTesIMU pabOThI MPU YCKOPEHUH
pOCTa KpyTsLIero MoMeHTa. B pesyibraTte, n3o0perareny Halu CIeAyoLee.

[0018] [IToka3aTenu pabOThI MPH YCKOPEHUU POCTA KPYTSIIErO MOMEHTA |

Bo Bpemsi CBHHUMBAHHA CTaJbHBIX TPYyO APYr C APYTroM ONTHUMAJBHBIA KpPYTSIIUI
MOMEHT JJIsl 3aBEepLICHHs CBUHUMBAHUs omnpenessoT 3apanee. Ha ¢ur. 1 mokasan rpadux
3aBUCHMOCTH MEXIy KOJUYECTBOM OOOPOTOB Pe3bOOBBIX COSAMHEHUH A TPpyO Mt maTpyOKOB
U KPyTSIIUM MOMEHTOM BO BpeMsl CBHHUYMBAHHs pe3bOOBBIX COEAMHEHUH Il TPyO wWin
narpyOKOB, UMEIOMINX 3aIUIEYMKOBBIA yuacTok. Kak mokasaHo Ha ¢ur. 1, mpu CBHHYMBAHHUU

pe3bOOBBIX COenMHEHHNH i TPyO min naTpyOKOB KPYTSIIMHA MOMEHT BHa4aJle YBEIHMYUBACTCS
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NPONOPLUMOHATIBHO 4uCIy 000poToB. CKOPOCTh YBENHYEHUs KPYTALIET0O MOMEHTa B TaKOH
Nepuos BpeMeHH siBiseTcss HU3koi. Ilpu mponosmkeHun CBUHYMBAHUS 3aIUI€YUKOBBIE YUACTKU
BXOJAT B KOHTAakKT Apyr c Apyrom. KpyTsmuii MOMEHT B TakOil MepuOs BPEMEHHU Ha3bIBAOT
"KpyTsIIUM MOMEHTOM IpHU yrope B 3amueduku”. Ilocne noctukeHus: KpyTsIero MOMeHTa Ipu
yHnope B 3alUIeYMKH, KOIJla CBUHYMBAHUE MPOJOJIKAETCS, KPYTSALUHA MOMEHT BHOBb
YBEJIMYNBAETCS TPOMOPLMOHAIBHO 4YHCIy 000poToB. CKOPOCTh YBEIMYEHHS KPYTAILIETO
MOMEHTa B TaKOH NEpUON BPEMEHU sIBJIAETCS BbICOKOW. CBHHYMBAHME 3aBEPIIAETCS B MOMEHT
BPEMEHH, B KOTOPOM KPYTSALIMA MOMEHT JOCTUIAeT 3aJaHHOM YHUCJIEHHOW BEJIUYUHBI
(KpyTsIero MOMEHTa CBHHYMBAaHMA). Ecmm KpyTsamuii MOMEHT BO BpeMsl CBHHYMBAHUS
JOCTUraeT KpyTSILEro MOMEHTa CBHHYMBAHUSA, YYAaCTKH METAJUIMYECKOrO YIUIOTHEHUs
OKa3bIBAIOT TMPOTUBOAEHCTBUE APyl JAPyry C MOAXOASALIMM JaBICHHEM Ha YIOPHBIX
MOBEPXHOCTSAX. B MaHHOM cilydae ra3oHenpOHHLIAEMOCTDb PE3bOOBBIX COENNHEHHH I TPYO Win
naTpyOKOB yBEIUINBAETCS.

[0019] Ecnu cBuHYMBaHUE Aanee NPOAOJIKAOT MOCHE TOCTHKEHUS! KPYTIIEero MOMEHTA
CBUHYMBAHMS, KPYTALIUII MOMEHT CTAaHOBUTCSI CIMIIKOM BBICOKMM. Ecnu KpyTsamuMii MOMEHT
CTAaHOBUTCSI CIIMIIKOM BBICOKMM, YacTh HHUMNMNENs] U My(QTbl INpeTepHeBaeT IUIACTUYECKYIO
nedopmanuro. KpyTsimuii MOMEHT B TaKOW MEPHOJ BPEMEHHU HA3bIBAIOT "KPYTALIUM MOMEHTOM
Ha npenene Tekydectu'. Ilpm Oombmoii AT' kpyTsdimero MOMEHTa INpPH CONPOTHUBIEHUH
3aIUIEYMKOB, KOTOpasl SIBJSIETCS PA3HOCTBEO MEXAY KPYTAIMM MOMEHTOM IIpU yIope B
3aIJIeYMKH M KPYTSLIMM MOMEHTOM Ha IMpeAee TEKydecTH, MOXHO olecrneduTb pabouuit
mpenea B JAMana3’OHe KPYTAIero MOMEHTa CBUHYHMBAaHUS. B pesynbrarte, ymnpoimaercs
peryJMpoBKa KpyTsIIero MoMeHTa ckperuieHus. Ilostomy, yBenmueHHass AT' kpytsimero
MOMEHTa TIpU COIMpPOTUBIEHUH 3aIUIEYUKOB SIBIISIETCSl MPEANoYTUTeNbHONW. B HacTosimem
OMUCAHUH TEPMHUH "TOKa3aTe I paboThl P YCKOPEHUH POCTA KPYTALIEr0 MOMEHTA yJIyUlIeHbI "
o3HauaeT, uTo AT' KpyTsiero MOMeHTa Ipyu COMPOTHUBIIEHUH 3aIIJIEUUKOB SIBJISIETCS] BBICOKOM.

[0020] Hns yBenmuuenuss AT' kpyTdliero MOMEHTa IPH CONPOTHBJIEHUU 3aIJIEUHKOB,
5((eKTUBHBIM SIBJISIETCS YMEHbIIEHHE KPYTSIIEro MOMEHTAa NPU YIOpPE B 3aIUICYUKU HIIH
yBEIMUYEHHE KpYyTSIIero MOMEHTa Ha Ipenene TekydecTd. Ilostomy cuurtaercs, dYTO
o0ecrieueHne CONEPIKAHUSI TBEPABIX YACTHUI B KOMIO3MLUMHU Uil  (POPMHPOBAHUS CIOS
CMa304YHOTO TOKpPBITHS (HMXKE B JAHHOM JOKYMEHTE, HMEHYeTCs MPOCTO "KoMmo3uuus'")
JOJIKHO YBEJIWYUBATh KPYTALINM MOMEHT Ha Ipelesie TEeKy4eCTH B MEPHOJ BPEMEHU BBICOKOIO
JIaBJIeHNs] Ha YIIOPHBIX MoBepxHOCTAX. Cuuraercs, uto B pe3ynsTate AT' kpyTdinero MoMeHTa
IIPU CONPOTUBJICHNH 3aIIJIEUHKOB JOJKHA yBEJIMYHUBATHCS.

[0021] Bmecte c Tem, B pe3yabTaTe HU3yYEHUM M UCCIEJOBAHUH, NPOBEIEHHbIX
u3odperaTensiMu, 0OHAPY KEHO, YTO OTHO TOJIBKO CONEPKaHHE TBEPABIX YACTUI] B KOMIO3HIIUU
HE JaeT MOJy4uTb BBICOKYIO AT' KpyTslllero MOMeHTa MpH CONPOTUBIEHUH 3aIlIEUHKOB.
Hanpumep, xots CaF, sBnsercs TBepAol dacTulel, Kak MOKa3aHO B MpUMeEpe, MPUBEIEHHOM
HUXKe, BbICOKYIO AT' KpyTslllero MOMEHTa IpU CONPOTHUBJIEHUH 3aIUIEYUKOB HE CMOIJIHU
nonyuuTh npumMenss Cak,.

[0022] Tlostomy, wu3oOperareny MpPOBENH IOMOJHUTEIBHOE M3YyUEHHE B Pa3HbIX
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HanpaBJEHUSIX M CJeNalud OTKpbiTHe, 4YTO Bbicokass AT' kpyTsamero MoMmeHTa Mpu
COTPOTUBIIEHUH 3AIUJIEYMKOB MOJY4YaeTCsl C MOMOLIBI0 KoMno3uuuy, copepxaiueii Cr,Os.

[0023] Ha ¢wur. 2 moka3zaH rpaduk 3aBHCUMOCTH Mexny coxpepxkanunem Cr,O; B
KOMITO3UIIMN U TIOKa3aTelssMU paboOThl MPU YCKOPEHHM POCTa KPyTSINero MomeHra. ®ur. 2
NOJIy4eHa TIOCPECTBOM IpUMepa, OMHCAHHOTrO Hipke. OTMeuaeM, YTO MoKasaTesnu paboThl Ipu
YCKOPEHMH pOCTa KPYTALIEr0 MOMEHTAa OINpefAeNieHbl, KaK OTHOCHUTEJIbHAasl BeJIWYHMHA IO
oTHomeHHt0 kK AT' kpyTsinero MOMEeHTa NpHU CONPOTUBIEHUM 3aIUIEYUMKOB HCHbITAHUS 8, rae
TpyOHyt0 cma3ky no cranmapram API (American Petroleum Institute) mpuMeHsIN BMECTO CIOS
CMa304HOTO MOKpbITHS, cchiiouHas mo3uuus (100). Cumson B Buae Oesoro kpyskka "O" Ha ¢ur.
2 yKa3bIBaeT MOKa3aTesu padOThl MPH YCKOPEHUH POCTa KPYTSALIEro MOMEHTA AJIsl NpUMepa, B
KOTOPOM BBITIOJIHEH CJIOH CMa304HOro nokpeitusi. CuMBOJ B BUe Oenoro Tpeyrojbauka " A" Ha
¢dur. 2 ykaspiBaeT Iokasarenu pabOThl NMPU YCKOPEHHH pPOCTa KPYTSAIIEro MOMEHTA, KOrza
IPUMEHSITN TPYOHYIO cMa3Ky 1o crannapraM API BMecTo ciiost cMa304HOrO OKPBITHS.

[0024] Ha ¢ur. 2 mnokazaHo, uto mnpu Hamuuuu Cr,O;, mokaszarenu paboThl Tpu
YCKOpPEHUH pocTa KpyTsiero momenta oompme 100. [Apyrumu cnoBamu, npu Hanuuuu CryOs,
HOJTyYeHbI YIJIyUIIeHHbIE TOKa3aTeNN PadOThI IPH YCKOPEHHH POCTa KPYTAIIErO MOMEHTA.

[0025] [CTOMKOCTD K MOBEPXHOCTHOMY MOBPEKICHHUIO |

Kpome Ttoro, mszoOperarenu cpenanu OTKPBITHE, YTO €CJIU OOECHEeYUTb MOAXOIIee
cogepxkanne Cr,O; B KOMIO3MLUH, YBEIUYUBAETCS CTOHKOCTb K IOBEPXHOCTHOMY
HOBPEKIIEHHIO, & HE TOJIBKO YJIyYLIAt0TCS IOKa3aTean paboThl IPH YCKOPEHHH POCTa KPYTSIIETO
MOMEHTA.

[0026] Ha ¢ur. 3 mnokasaH rpaduk 3aBUCHUMOCTH CTOMKOCTH K TOBEPXHOCTHOMY
nospexxaeHno ot coxepxkanus Cr,O; B komnozurmu. Pur. 3 nojydeHa ¢ MOMOIIBIO NPUMepa,
onucaHHoro Hrke. Ocb opauHAT Ha (ur. 3 mpeacTaBisieT YHCIO OOOPOTOB CBHUHYUBAHMSA,
3aBEPIICHHOr0 0e3 BO3HUKHOBEHHUS HEPEMOHTONPHUIOIHBIX MOBEPXHOCTHBIX MOBPEXKICHUI Ha
pe3b00BOM yUYaCTKe M IOBEPXHOCTHBIX MOBPEXKIEHUH HA YYACTKE METAJUINYECKOTO YIUIOTHEHUSI.

[0027] Ha ¢wur. 3 mnokazaHo, 4TO, Korma Hy»xkHOe KojuuecTBo Cr,Os; comepskutcs B
KOMITO3UIUH, CBHHYMBAHUE MOXKET OBITH BBINOJIHEHO C KOJUYECTBOM 000poTOB Oosbime 10.
Jpyrumu crnoBaMy, koraa Hy»kHoe konudecTBo Cr,O; comepsKuTcsi B KOMIO3ULUH, MOJYYaroT
BBICOKYIO CTOMKOCTb K ITOBEPXHOCTHOMY MOBPEKAECHUIO.

[0028] Komno3uiysi HacTOSIEro BapuaHTa OCYIIECTBJIEHMs], BBIIIOJHEHHAs Ha OCHOBE
yKa3aHHbIX BbILIE OTKPBITUH, SIBJISIETCS KOMIIO3ULMEH JJIs1 CO3JaHUs CJIOSl CMa304HOIO MOKPBITHS
B Pe3b00OBOM COEOMHEHUH IJIsi TPyO Wi marpyOKoB, mpudeM koMmnosunusi comep:kut Cr,Os,
METaNNYEeCKOe MbBLIO, BOCK M OCHOBHYKO COJIb MeTajula M apOMaTUYeCKON OpraHu4ecKoi
KHCJIOTBI.

[0029] B kOMITO3WLIMKM HACTOSIIIETO BapUAHTA OCYLIECTBJICHUS B MPOLIEHTAX MO MAacCe OT
00IIero KOJIN4YeCTBa HEJIETYYNX KOMIIOHEHTOB MPEAIIOYTHTENbHBIM siBIsieTcs coneprkanne CryOs
ot 1 no 20%, conep:kaHue metayuiMyeckoro Mbuia ot 2 1o 30%, coxepskaHue BOCKa OT 2 710
30%, 1 conepskaHue COJIM OCHOBHOTO METaJlJIa apOMaTUYECKON OpraHu4eCKON KUCIOThI OT 20 10
70%.
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[0030] B nmanHOM ciydae yJaydIIArOTCs TMOKa3aTelnn padOThl MPH YCKOPEHHUH POCTa
KPYTALIEr0O MOMEHTa, U CTOMKOCTb K IIOBEPXHOCTHOMY IIOBPEXIECHUIO JAOIMOJHUTEIBHO
yBEJIMYUBAIOTCS.

[0031] Kommno3uuusi HaCTOSIIIEr0 BapuUaHTa OCYLIECTBIIEHUS MOKET TaK)Ke COAEp>KaThb
MOPOIIKOOOPA3HYIO CMAa3Ky.

[0032] B BapuanTe, rae KOMIO3ULMS HACTOSALLErO BAPUAHTA OCYIIECTBJICHUS] CONEPIKUT
MOPOLIKOOOPa3HyI CMa3Ky, B NPOIEHTaxX IO Macce OT OOIEero KOJMYECTBAa HENeTY4HX
KOMITOHEHTOB, COZIep KaHHe MOPOILIKOOOPa3HOH CMa3KU MPEANOYTUTENBHO cocTasisieT oT 0,5 1o
20%.

[0033] IIpennmodTuTeNbHO, BBILIEYTIOMSHYTasl IOPOLIKOOOpa3Has CMaska HMEETCs
ogHOoro wnu Ooyee TUIOB, BBIOPAHHBIX M3 TIPYNONbL, COCTOALIeH M3 rpadura U
NOJUTETPaTOPITUIIEHA.

[0034] KomMno3uuusi HacCTOSIIEr0 BapUaHTa OCYLIECTBJIEHUS MOKET TaK)Ke COAEp>KaThb
JIeTy4YH1il OpPraHU4YeCKUil paCTBOPUTEbD.

[0035] PespboBoe coenuHeHue i TPyO WM MATPyOKOB HACTOSIIIErO BapHaHTa
OCYLIECTBJICHUs SIBJIAETCS Pe3bOOBBIM COEIMHEHHEM HMEHHO Al TpyO WiM marpyOKoB H
comepkur Hummneab U Mydry. Humnmenp u mydra, Kaxkaplil, COAEPKUT KOHTAKTHYIO
NIOBEPXHOCTb, COAEPIKAINYI0 pe3b0OBOH y4acTOK M CBOOOAHBIH OT pe3bObl MeTaJUINYeCKUi
KOHTAaKTHBIH y4acTok. Pe3pOoBoe coennHenne mis TpyO miim narpyOKOB COAEPIKUT, KaK CaMbIi
JNAJbHUN OT OCH CJIOH, CJIOM CMA304YHOIO MOKPBITHS, BBINOJHEHHBbIM W3 BBILIEYOMSIHYTBIN
KOMITO3UIIUH, N0 MEHbIIEH Mepe Ha OAHOHN M3 KOHTAKTHBIX MMOBEPXHOCTEH HUMIENS U My P ThI.

[0036] Pe3pboBOe coemuHeHue it TpyO WM MaTPpyOKOB HACTOSINEr0 BapHUaHTa
OCYIIECTBJIEHUS] MOXET COMEPKaTh CJION METaJNINYeCKOro MOKPBITHS MEXAY IO MEHbIIeH Mepe
OJTHOW U3 KOHTAKTHBIX MMOBEPXHOCTEH HHUMIIENS U MyPThI  CJIOEM CMa304YHOTO MOKPBITHS.

[0037] Pe3pboBOe coemuHeHue it TpyO WM MAaTPyOKOB HACTOSINEr0 BapHUaHTa
OCYIIECTBJIEHHUSI MOXET CoAepXkaTb IOJ CJOE€M CMa304HOrO0 TOKPBITHSA, IOJy4YeHHOE
XUMHYECKOW KOHBEPCHOHHOW OOpabOTKOHW MOKPBITHE, C MOBEPXHOCTHIO, KOHTAKTHPYIOLIEH CO
CJIOEM CMa304YHOI0 MOKPBITHSL.

[0038] B pe3pboBOM coenmHeHMH IUIsi TpyO WM MAaTpyOKOB HACTOSINEr0 BapHaHTA
OCYIIIECTBJIEHUS] MOBEPXHOCTb, KOHTAKTHUPYIOLIYIO CO CJIIOEM CMa30YHOIO MOKPBITUS, MOXKHO
noaBeprarb CTpyiHOH oOpaborke. Kpome Toro, B pe3pOOBOM coemuHeHMH ISl TPyO wWim
naTpyOKOB HACTOSINEr0 BapHaHTAa OCYIIECTBIIEHHS MOBEPXHOCTh, KOHTAKTUPYIOIIYIO CO CIIOEM
CMa304HOI0 MOKPBITHSI, MOXKHO NOJIBEPTaTh TPABIEHUIO.

[0039] B pe3pboBOM coenmHeHMH UIsi TpyO WM MAaTpyOKOB HACTOSINEr0 BapHaHTa
OCYIIECTBJICHUs] KOHTAKTHAsI MOBEPXHOCTh MOKET AOMOJHHUTEIBHO COAEPIKaTh CBOOOIHBIA OT
pe3bObI METATMUYECKUH KOHTAKTHBIN y4aCTOK.

[0040] Kommnosuiust U pe3bbOBOe coenuHeHue st TpyO wim matpyOKoB, comepskaliee
CJIOH CMa304YHOIO TMOKPBITHS, BBIMOJHEHHOTO M3 KOMIIO3MIIMM HACTOSLIEro BapUaHTa
OCYIIECTBJICHUSI, OTIMCAHBI TOAPOOHO HUXKE.

[0041] [Pe3bboBoe coenuuenue 1 ans TpyO wiu matpyOkoB|
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Pe3nboBoe coenunenune 1 mist TpyO miim matpyOKOB cOAep kUT HUMMENb S u mydry 8. Ha
¢ur. 4 mokazaHa cxema KOH(pUrypauuu pe3bOOBOTO COSOUHEHHs IJIsi TPyO wim maTpyOKOB
HACTOSIIEr0 BapHaHTa OCYyINeCTBiIeHUs. Pe3pOoBoe coenmuenue | nns TpyO wmim matpyOKoB
COIEPKHUT CTAJNbHYIO TpyOy 2 U coenuHuTeNbHYI0 My(Ty 3. Humnmenb 5 BBIMOTHEH HA KaXKIOM
KOHIIE CTAJIbHON TPYOBI 2, M HUMIEb 5 COAEPIKUT OXBATHIBAEMBII pe3b0OBOI y4acTOK 4 B CBOEH
HapyKHOW moBepxHOCTH. MydTa 8 BBINOIHEHA Ha KAXKIOM KOHILIE COEIMHUTENbHON My(QTHI 3, U
My(dTa 8 comepKuUT OXBaTHIBAIOIIUN Pe3bOOBOI y4acTOK 7 B CBOEH BHYTPEHHEW MOBEPXHOCTH.
ITocpencTBOM CBUHUMBAHUS HUMNMENS 5 U My(Thbl 8 APYT ¢ APYTrOM, COENUHUTENBHYIO My(PTy 3
NPUKPEIUIAIOT K KOHIY CTalbHON TpyOB! 2. XOTs 3TO HE NMOKA3aHO HA YepTeXKax, HUMIEIb 5
cranpHOU TpyOB! 2 1 My¢Ta 8 coenuHUTENbHON My(ThI 3, KOTOpbIE HE COSIUHSIIOTCS YIIOPHBIM
3JIEMEHTOM, MOTYT HMETb 3alUTHOE CPENCTBO (HE MOKA3aHO), NPUKPEIUIEHHOE K HUM IS
3aLUTHI UX Pe3bOOBBIX YYACTKOB.

[0042] ObbruHOE pe3nboBOe coenuuHeHue 1 mys TpyO WM mMaTpyOKOB, OTHOCSINEECS K
My(TOBOMY THIY, MOKa3aHHOE Ha (ur. 4, CONEP)KUT CTAIbHYIO TPyOy 2 M COEOMHUTEIbHYIO
mydry 3. Takske u3BecTHO pe3pOoOBoe coenuHenue 1 ans TpyO win maTpyOKOB MHTErPaIbHOTO
TUNa, 0€3 NMPUMEHEHUs] COCAMHUTEIbHOH My(ThI, B KOTOPOM OJWH KOHEI| CTaJIbHOH TPyOBI 2
UMeeT BUJ HUMIeNs 5, u npyroi ee koHer umeer Bun My Tel 8. Pe3pboBoe coenunenue 1 amst
TpyO mim maTpyOKOB, NPEACTABIEHHOTO BapUAHTA OCYIIECTBIEHUS, MOKHO IPUMEHATh JTHOO B
pe3bOOBOM COeAMHEHNU MY (TOBOTO THIA, WIH B Pe3bOOBOM COEIMHEHUN MHTEIPAIHOTO TUIIA.

[0043] Hunmens 5 u Mmydra 8 comepkat KOHTAKTHYIO MOBEPXHOCTb, KOTOPAsi CONEPIKUT
pe3b0OBOM y4acTOK M CBOOOMHBIN OT pe3bObl METAJUIMYECKUN KOHTAKTHBIN y4acTok. Ha ¢ur. 5
MOKA3aHO CeyeHHne pe3bOoBOro coeauHenus: 1 ais TpyO mim matpyOKOB HACTOSIILETO BapHAaHTA
ocyiectyieHus. Hunmens 5 comep:kuT oxBaTbiBaeMblil pe3b0OBOI y4acTOK 4 U CBOOOIHBIN OT
pe3pObl  METaJJIMUECKUH KOHTAKTHBIH y4acToK. CBOOOAHBIH OT pe3bObl METAIUTUYECKHHA
KOHTAKTHBIH y4YaCTOK HUMMeNs 5 oOpa3oBaH Ha MEpeJHEM KOHIE HHMIENS 5 U COAEPIKHT
y4acTok 10 MeTajuin4eckoro yIUIOTHEHUsI M 3aIUIeYHKOBbIN ydacTok 11. Mydra 8 comepkur
OXBATBIBAKOLINHA Pe3b0OBOI yUaCTOK 7 M METAJUTMYECKHI KOHTAKTHBINA y4acToK. CBOOOAHBIN OT
pe3bObl METAJUIMYECKHII KOHTAKTHBIN y4acTOK My Thl 8 00pa3oBaH Ha NepeHeM KOHIE My ThI
8 ¥ COOEPKUT y4HaCTOK 13 MeTaNnn4ecKoro yIIOTHEHUsS U 3aIJIEYUKOBBIN y4acToK 12. Y4acTok,
Ha KOTOPOM HUMNENb 5 W MydTa 8 BXOAAT B KOHTAKT JAPYr C OPYrOM INPH CBHHYMBAHUU
HA3bIBAETCS] KOHTAKTHOW MOBEPXHOCTHIO. KOHKpETHO, Korga Hummenb 5 U MydTa 8 CBUHUYEHHBI,
ZIBA 3aIUIEYMKOBBIX YYacTKa (3arUIeYnKOBble y4acTKu 11 u 12) BXOZST B KOHTAKT JAPYT C APYTOM,
TAK)Ke KaK JIBAa y4YacTKa MeTaJuIM4eckoro yrwioTHeHus (ydactku 10 m 13 Merammmdeckoro
VIUIOTHEHUs1) W JBa pe3b0OBBIX yd4acTka (OXBaTbIBaeMbIii pe3bOOBOM y4acTok 4 W
OXBATBIBAOIINI pe3p0oBO ydacTok 7). To ecTh, KOHTAKTHAas TOBEPXHOCTb COIEPIKUT
3aIJIEUNKOBBIN YYACTOK, YYaCTOK METAJUTMYECKOTO YIIOTHEHUS U pe3b0OBOM yUaCTOK.

[0044] XoTs 5TO He MOKa3aHO Ha YepTekax, B HEKOTOPBbIX Clydyasx KOHTAKTHas
MIOBEPXHOCTh Pe3b00BOro coenuHeHus 1 1 TpyO min natpyOKOB MOXKET HE UMETh JIMIIEHHOTO
pe3pObl METAJUTMYECKOr0 KOHTAKTHOTO y4acTka. B TakoMm ciydae KOHTAKTHas IMOBEPXHOCTH

pe3bboBoro coenuueHus 1 st TpyO win maTpyOKOB COAEPKUT pe3rOoBOil yyacTok. KoHKpeTHO,
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HUMIENb S5 COHEPKUT OXBaThiBaeMbIil pe3pOOBON  yuactrok 4. Mydra 8 comepkur
OXBaTBIBAKOLINH Pe3bOOBOH YHYaCTOK 7.

[0045] [Cnoti 21 cMa304HOTO MOKPBITHS |

B pe3pOoBom coenuaennn 1 s TpyO wim matpyOKOB, IO MEHBIIEH Mepe OHA YacTh U3
Hunmenast S u mMydrel 8 comepkut cioil 21 CMa304HOrO MOKPBITHS HAa CBOEH KOHTaKTHOMN
nosepxHocTu. Ha ¢ur. 6 mokasaHo ceueHne KOHTAKTHOH MOBEPXHOCTH Pe3b00OBOr0 COSAMHEHUS
1 nnst TpyO mnm maTpyOKOB Hactosimero BapuaHTa ocymectsieHus. Cnoit 21 cma3ouHOro
MOKPBITUSL CO3M1AaeTCs, KaK OIMCAHO HIDKE B CHOCOoO€ MONy4YeHMs, MOCPENCTBOM HAHECEHUs
KOMIO3HULIMS Uil CO34aHus ¢iaosi 21 CMa304HOro MOKPBITHS MO MEHBbLIEH Mepe Ha OJHY U3
KOHTAKTHBIX IOBEPXHOCTEH HUNMENs 5 1 My(ThI 8, a Takke CyLIKH KOMITO3ULIUH.

[0046] [Komnozuuwms muist popmupoBaHusi ¢jiosi 21 ¢cMa304HOrO MOKPBITHS |

Komnosuuus ans ¢opmupoBanus ciosi 21 cmasouroro mokpeitusi copepxut Cr,Os,
METANINYECKOe MBLIO, BOCK M OCHOBHYHK) COJb METajula U apOMAaTUYECKON OpraHU4ecKOn
kucaoThl. Iloatomy, crnoit 21 cma3zouHoro mokpeitus Takxke copepxur Cr,Os;, Meraminueckoe
MBLJIO, BOCK U OCHOBHYIO COJIb METAJlIa U ApOMAaTUYECKOM OpraHn4eckon KucyoTel. Komnoszunus
MOKET JIUOO SIBJSIThCS KOMIO3MLIMEH HE COAeprKallero pacTBOPUTENb TUMA (T.€., comepsKaruei
TOJIKO BBILIEOMHCAHHbIE KOMIIOHEHTBI) WM KOMITO3ULIMEH COAepIKaIlero pacCTBOPUTENDb TUIIA, B
KOTOPOM KOMIIOHEHTBI Pa3XIKEHbl B pacTBOpuUTene. B BapuaHTe KOMIO3MLUU COAEPKALIETrO
pPacTBOPUTENb THUIA MAaCCOBBIN MPOLEHT KaKAOTO KOMIIOHEHTA SIBJISIETCS] MaCCOBBIM IIPOLIEHTOM
KOMITOHEHTAa OTHOCHUTEJBHO OOILIEro KOJIMYECTBA HENETyYHMX KOMIIOHEHTOB B KOMITO3HMLIUH
(oOeit Macce BCeX KOMITOHEHTOB, MCKJIFOYAsi PACTBOPHUTENb, COACPIKALIMICS B KOMITO3ULIUH),
cocrapisitowero 100%. To ecth, comepikaHue KaKAOrO KOMIIOHEHTa B KOMIIO3HIIMM PaBHO
COZIEPIKAHUIO KaXI0ro KOMIIOHEHTA B CJIoe 21 CMa304HOrO NOKPBITHUS.

[0047] Huxe monpoOHO OMMCAaH KaKIblii KOMIIOHEHT B KOMMO3WIMH. Eciaun uHOe
CHelMalbHO HE OroBOPEHO, CUMBOJ "%" B OTHOLIEHHMH Ka)XJOTO KOMIIOHEHTa O3HaudaeT
"MAcCOBBIH MPOLEHT OT OOIIEero KOJHYECTBA HENETYyYHX KOMIIOHEHTOB B KoMmmo3uuuu'. B
HACTOALIEM BapUaHTE OCYLIECTBJICHUS TEPMHH "HeNeTy4dhe KOMIIOHEHTbI' O3HadaeT BCe
KOMIIOHEHTBI, KPOME pacTBOPUTEJNsA, COAepKalluecs B KOMIO3ULUH. TepMuH "Heneryuue
KOMITOHEHThI" oTHocutcs, Hampumep, K CryO;, MeTaliaTu4eckoMy MbUTy, BOCKY M COJIU
OCHOBHOI'O MeTajljla apoMaTH4eckol opraHnyeckoi KuciaoTel. COOTBETCTBYIOLINE KOMIIOHEHTHI
MOKHO BBIOMpATh, KaXIblii HE3aBUCUMO, W BbIOpaHHAas KOMOWHAIMA HE MAaeT KaKoro-indo
HOBOTO 3¢ eKTa.

[0048] [Cr,0s]

Cr,05; Taxke HaspBaroT "okcupom xpoma (III)". Cr,O; siBisieTcs HEOPTraHUYECKUM
coenuHeHueM. MornekysipHasi Macca o gopmyse Cr,O; cocrasnsier 151,99, Cr,O; nonyyarot
TEPMHUYECKHM pa3jIoKeHHeM auxpomara amMmoHusi (Omxpomarta ammonwust). Cr,O; cTtaHOBUTCS
TEMHO-3€JICHbIM KPUCTAJUINYECKHM BEIIECTBOM C METAJUIMYECKHM OJIECKOM IIOCNE OTTOHKH H
ounctku. Cr,O5 siBNsieTcs: BeChbMa CTaOMIIBHBIM M UMEET TBepAOCTh Bbimme, yeM kBapil. CryOj;
HETOKCHYEH U HE OMNACEeH.

[0049] Kak ommcano Bbeime, ecnu Cr,O; COAEpKUTCA B KOMIO3ULIUU, YJIYUILIAIOTCS
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nokasareian padoTsl IPU YCKOPEHUH PocTa KpyTsimero MomeHnrta. JlononaurensHo, ecnu Cr,0;
COMNEPKUTCA B KOMIIO3MLIUM, CTOHKOCTb K IIOBEPXHOCTHOMY IOBPEXACHUIO TaKXke
yBEJINYNUBAETCS.

[0050] Copmepxanne Cr,O; B cimoe 21 CMa304YHOTO TMOKPBITHS MPEANOYTUTETBHO
coctasiseT oT 1 o 20% mo Macce OT CyMMapHOIO KOJMYECTBA HENETYUYHUX KOMIIOHEHTOB B
komnozuiun. Korna conmepkanme Cr,Os; 1% wunm Oonblioe, MOMy4arOT yIOBJIETBOPUTENbHBIE
nokasareau padoThl MPH YCKOPEHHH pocTa KpyTsamero MoMmenTa. Korga copepkanue Cr,O; He
Oonbire 20%, Moxer ObITh YCTPAHEHO CHIDKEHHE MPOYHOCTH MOKphITHS. Kpome Toro, ecmu
cogepxkanne Cr,O; ©He Oombme 20%, yCTpaHsAeTCsl yBENIWYEHHWE TPEHHsS, U MOXKET
MOJAEPKUBATECS BBICOKAs CTOMKOCTb K IOBEPXHOCTHOMY MNOBpekaeHuto. HiupkHuil npepen
conepxkanusi Cr,O; mpeanoYTHTeNnsHO cocTaBisier 5% 1o macce, Oojiee MpeArnoYTHTENbHO, 7%
o Macce u, Haubonee npennoututenbHo, 10% mo macce. Bepxuuit npenen copepxkanusi CryO;
NpPEATNIoUTUTENBHO cocTaBiseT 18% mo macce u, bonee npennouTuTensbHo, 15% no macce.

[0051] Cr,Os;, Hampumep, sABIsA€TCS TEMHO-3€l€HON dYactuued. IIpeamouyrurenbHbli
pasmep wactun CryO; cocraBnsier 45 MM min MeHbine. C TOYKH 3peHHsT €IUHOOOpa3HOM
AVMCTIEPCHOCTH, YaCTHUIIBI pa3MepoM 10 MKM MJIM MEHbIIE SBISIOTCS OOjiee MpeanouTUTEIbHBIMU.
Pasmep wactuimpl siBiseTcs apu@METHYECKUM CPEAHUM TPU AEHCTBYIOIIEM paclpeneeHHn
pa3sMepoB YaCTHUI], TOJYyYEHHbIM H3MEPEHHEM pPAaCHpeieeHus] PasMepoB YacTHUIl CHOCOOOM
Ja3epHOM nudpakuuum M paccemBaHus (Hanmpumep, ¢ npuMeHeHueMm cepun  SALD,
usrorosjeHHoit SHIMADZU).

[0052] Cr,05 siBnsiercs, Hanpumep, okcunom xpoma (III), usroroBnennsim Wako Pure
Chemical Industries, Ltd.

[0053] [MeTamindeckoe MbLIO |

Merannuyeckoe MbUIO SIBJISIETCS COJIBIO JKUPHON KUCJIOTHI U METaljia, He SIBISIOLIErocs
IIeJIOUHbIM MeTajuioM. bnaromapst comep:kaHMIO METaJUIMYECKOTO MbLIa, YJIYULIArOTCs
CTOMKOCTb K MOBEPXHOCTHOMY NOBPEXICHUIO U AaHTHUKOPPO3UNHBIE CBOWCTBA cinosg 21
CMa304HOT'0 OKPBITHSL.

[0054] C Toukm 3peHHs] CMa304YHOH CIOCOOHOCTH M aHTUKOPPO3UIHBIX CBOWCTB,
MPEANOYTUTENBHO, JKUPHAs KUCJIOTA METAJUIMYECKOr0 MbLIA SIBJIAETCSA KUPHOM KUCIOTOU ¢ 12-
30 atomamu yriepoxa. JKupHash KHCIOTa MOXET MNPENCTaBJIATh COOOW JHOO HACBHIEHHYIO
JKUPHYIO KHUCJIOTY WJIM HEHACBILEHHYIO KUPHYIO KHCIOTY. JKUpHas KUCIIOTa SIBJISETCS CMECHIO
JKUPHBIX KUCJIOT WM OJHUM coennHeHueM. CMech JKMPHBIX KHCIOT, HallpuMep, MOJy4aroT U3
MPUPOHOTO >KHMpa M Maclia, TAKOrO KakK TOBSKUIM JKUpP, CBUHOM JKHp, JAHOJUH, MajbMOBOE
MacJjio, pamcoBO€ Maclio U KOKocoBoe Macio. JKupHas KHUCIOTa, TO €CTh OJJHO COeIMHEHUe
SIBJIAETCSI, HAPUMEP, AOACKAHOBOW KHUCJIOTOW, TPUAECKAHOBOW KHUCJOTOW, TETPaTpPUAEKAHOBOMN
KHUCJIOTOM, TEeKCaJAeKaHOBOM KHCJIOTOM, JIAHOIE€KCAaJAEeKaHOBOM KHCJIOTOM, OKTaJIeKaHOBOM
KUCJIOTOW, HW300KTAJACKAHOBOW KHUCJIOTOM, MACHSIHOW KHUCJOTON, 3JauIMHOBOM KHCJIOTOM,
apaxMHOBOW KHCJIOTOH, OETeHOBOM KUCIOTOH, SPYKOBOH KHUCIIOTOH, JINTHOLIEPUHOBOH KHCIIOTOH,
JIAHOLIEPUHOBOH KHUCJIOTON, CYJIh(OHOBOU KHUCIIOTOH, CaJHIMJIOBOM KHCIOTOH M KapOOHOBOMU

KHCJIOTOM.
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[0055] Ilpumepbl  MeTala  METAJUIMYECKOTO  MblIa  COAepXkKaT  KaJbLUH,
LIeJIOYHO3eMeNIbHbIe MeTallibl U UMHK. CONb KajbLUsl sIBJSETCA MPENNOYTUTENbHBIM THUIIOM
cosu Metayia. Cojib MOXKeT OBbITh JTHOO HEUTPAIbHOM COJIBIO HIJTH OCHOBHOM COJIBIO.

[0056] To ecTb, MeTaNINYECKOE MBLUIO COJAEPKUT, HANPUMEpP, COJNb >KUPHOW KHCIIOTBI
OHOrO MM OoJiee THIOB, BBIOPAHHON W3 TPYIIIBI COCTOSIIEH M3 TOBSDKBETO JKHUPa, CBUHOTO
JKHpa, JIAHOJIMHA, MajJbMOBOIO MAacia, ParcoBOr0 Macja, KOKOCOBOIO Macja, AOAEKAHOBOU
KHMCJIOTBI, TPUJEKAHOBOM KHUCIOTBI, TETPATPUIEKAHOBOI KHCIOTBI, IeKCaJA€KaHOBON KHUCIOTHI,
JIAHOTE€KCAZACKAHOBOM  KHCJIOTBL, OKTAJE€KaHOBOM KHUCJIOTBL, H300KTAaJE€KAHOOH KHCJOTHI,
MaCJISTHOH KHUCJIOTBI, 3JIAWAWHOBON KHUCJIOTBI, apaXWHOBON KHUCJIOThI, OEreHOBON KHUCJIOTHI,
SPYKOBOM KHCJIOTBI, JIMTHOLIEPUHOBOH KHCJIOTHI, JIAHOLEPUHOBOH KHCIOTBI, CYJIb(OHOBOM
KHCJIOTBI, CAJIMLIUIIOBOM KUCIIOTBI M KAPOOHOBOH KHCJIOTHI C METAJUIOM OIHOTO MJIH OOJiee THUIIOB,
BbIOpPAHHBIM U3 TPYIIIBI, COCTOSIIEN U3 KaJbLUs, IEJIOYHO3EMEIbHBIX METAJUIOB U IIUHKA.

[0057] ConepkaHue METANINMYECKOTO MbUIA B KOMIO3ULMH, MPEANOYTUTEIIBHO,
coctaBisier OoT 2 10 30% B MAacCOBBIX IPOLEHTaX OT OOLIero KOJHYEeCTBA HENeTY4HX
KOMITIOHEHTOB B komno3uuuu. Korna conepskaHue MeTalJIMUecKOro Mbuia coctamiseT 2% uiu
Gosble, CTOHKOCTh K MOBEPXHOCTHOMY MOBPEXACHUIO U aHTUKOPPO3HiHbIE CBOICTBA cios 21
CMa304HOTO MOKPBITUSI MOTYT JOCTaTO4HO yiyumarbes. Korma comepxxanue He Oosbine 30%,
HOJTy4ar0T HEOOXOIUMBIE aAre3UBHbIE CBOMCTBA M MPOYHOCTH CJIOS 21 CMA30YHOTO MOKPBITHS.
JIONOJTHUTENBHO, MPEAIOYTUTENbHBIA HIDKHUN Mpesiesl COAepKaHus MeTaJUIMYeckoro Mbuia 4%
u, Oonee mnpeamnouturenbHo, 10%. JIOMOTHUTENPHO, NPENNOYTUTENbHBIH BEPXHHUH Ipene
conepkaHusl MeTatndeckoro Mbuia 19% u, Oonee npennouTuTeNnbHbIi, 17%.

[0058] [Bock]

TepmuH "BOCK" OTHOCUTCSI K OPTaHUYECKOMY BELIECTBY, KOTOPOE SIBJISIETCS] TBEPABIM IIPU
HOpPMAaJIbHON TeMIlepaType U CTAHOBUTCS >KUAKUM IpU HarpeBe. Bock sBisieTCs BEIIECTBOM
ONHOTO WM OoJiee THIIOB, BBIOPAHHBIM M3 TPYIIIBL, COCTOSIIEH W3 JKUBOTHOTO BOCKA,
PacCTUTENBHOIO BOCKA, MUHEPAJIBHOIO BOCKAa U CUHTETUYECKOro BOCKa. IIpumepamu xMBOTHOTO
BOCKAa SIBJISIFOTCSI ITYEJIMHBIM BOCK U CIIEPMaLeTOBBbIM BOCK. IIprMepaMu pacTUTENBHOIO BOCKA
SIBJITIOTCSL MAcJIO TUIOZIOB CyMaxa, KapHayOCKHMH BOCK, KaHAENWIbCKHHA BOCK M PHUCOBBIH BOCK.
[IpuMepamMu MUHEpAJIBbHOTO BOCKA SIBJSIFOTCS MapadUHOBBI BOCK, MHKPOKPHCTAJTHYECKHUI
BOCK, IIE€PTOJIaTYM, TOPHBI BOCK, O30KEpUT U Liepe3uH. IIpuMepaMu CHHTETHYECKOIO BOCKA
SIBJISIFOTCA OKUCJIEHHBIN BOCK, MOJIMATUJIEHOBBIN BOCK, BOCK Puiuepa-Tpomnina, aMuaIHbINA BOCK U
THAPOTEHU3UPOBAHHOE  KacTOPOBOE  Macio  (THOPUPOBAHHOE  KAacTOPOBOE  MAcCIo).
[IpenmnouTHTENBHBIM BOCKOM SIBJISIETCS TapapMHOBBIA BOCK ¢ MOJIEKYJISIpHOM Maccoi 150-500.

[0059] To ecTb, BOCK SIBNIIETCS, HANPUMEP, OJHUM WJIM HECKOJbKUMHU TUIIAMH BOCKAa,
BbIOPaHHBIMU M3 TPYIIBI, COCTOSIIEH W3 MUYEIMHOTO BOCKA, CIEPMAIIETOBOTO BOCKA, Macia
IUTOZIOB CyMaxa, KapHayOCKOTO BOCKA, KaHAEIMIBCKOTO BOCKA, PUCOBOTO BOCKA, NMapadMHOBOTO
BOCKA, MUKPOKPHUCTAJUIMYECKOr0 BOCKA, MEPTOJAaTyMa, TOPHOIO BOCKA, O30KEPUTA, LEPE3UHA,
OKHCJIEHHOTO BOCKA, MOJUITUIEHOBOIO BOCKA, BOcka Pumepa-Tpomma, amMHIHOrO BOCKA U
THAPOTEHU3NPOBAHHOTO KACTOPOBOIO Macia (THIPUPOBAHHOTO KACTOPOBOTO Maca).

[0060] ITpenmodTuTeNbHO, BOCK SIBJISIETCSI BOCKOM OJTHOTO WJTH 0OJiee THIIOB, BEIOPAHHBIM
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U3 TPYNIbL COCTOSIEH U3 mapapuHOBOTO BOCKA, MHUKPOKPHCTAIMUYECKOTO BOCKA U
OKHCJIEHHOT'O BOCKA.

[0061] Bock yMeHbIIaeT TPEHHE M YBEIUYHBAET CTOWKOCTb K TMOBEPXHOCTHOMY
MOBPEXICHUIO €101 21 cMa304HOro mOKpbITUA. BOCK Taxkke yMmMeHbLIaeT TeKy4ecTb o 21
CMa304YHOI0 NMOKPBITHS, U YBEIUYUBAET IPOYHOCTD CJIOS1 21 CMA304HOTO MOKPBITHS.

[0062] ConeprxaHue BOCKAa B KOMIIO3HUIIMH, MPEANOYTUTEIBHO, cocTaBisieT oT 2 10 30%
0 Macce€ OT CYMMapHOIO KOJMYeCTBAa HEJIEeTy4YuX KOMIOHEHTOB B kommnosuuuu. Korma
comepxkaHue Bocka 2% wuiau OoJblle, BBIIEYNOMSHYTbIe 3(P(EKTbl MOXKHO TIOJYYUTh B
nocrarounoit mepe. Korna conepsxanue He Oosbine 30%, HeoOXoaNMbIe aAre3uBHBIE CBOMCTBA U
MIPOYHOCTD €J10s1 21 CMa304YHOrO MOKPBITUS MOJY4YarOT B AOCTATOYHOU Mepe. JIOMOIHUTENBHO,

NPEATIOYTUTENbHBI  HIDKHUH Tpefen comepkaHuss Bocka cocraBisieT 5% u, Oonee

>
npeanoutuTenbHbiil 10%. JlonoaHuTenbHO, NpeAnOYTUTENbHBIN BEPXHUM Npeaen CoAepKaHus
BOCKa cocrasiisieT 20% u, bonee npeanoyrurenbHbii 15%.

[0063] [OcHOBHas1 COJIb METaAJIa U APOMATHYECKON OPraHUUECKOM KUCIIOTHI |

OcHOBHas CoJb MeTalja U apoOMaTHYECKOW OpPraHWYEeCKON KHUCIJIOTHI SIBJISETCS COJIbIO,
00pa30BaHHON apOMATHYECKOW OpPraHMYeCKOW KHCIOTOM M TOOABJICHHOM IIENIOUb0 (LIeIOUHBIM
METAJUIOM WJIH IIeJOYHO3eMeNbHbIM MeTaioM). OCHOBHasl COJb MeTajula U apoMaTU4YecKOM
OpPraHMYEeCKON KHUCJIOTBbl, HAaNpUMeEp, SBISAETCS BELIECTBOM, KOTOPO€ NPEACTABICHO B
KOHCUCTEHTHOH (opMe MM MONyTBEepROH GopMe MpH HOPMaJbHBINA Temrepatype. B ocHoBHOI
CONIM MeTayla U apOMAaTHUYECKON OpPraHMYeCKONW KHUCJIOTHI, JOIMOJHUTENBHOE COAEp KaHUe
IIeJIOUN JUCTIEPTUPYETCS B Maclie, Kak COJb MeTajula U3 KOJUIOMIHBIX TOHKOAHCTIEPCHBIX
YaCTHLI.

[0064] AHTUKOPPO3HMOHHOE CBOWCTBO KOMIIO3UIUM 3HAYHUTEJIbHO YBEIHMYUBACTCS,
Onaronmapsi COAEpPKAHUIO B HEHl OCHOBHOHM COJHM MeTajula U apOMAaTHYECKOW OpraHMYeCcKOH
KUCIOThI. B nomonHenue, 61aronapsi Conep kaHUIO OCHOBHOM COJIM METajljla U apOMaTHYeCKOH
OPraHU4YEeCKON KHUCJIOTHI, CTOMKOCTb K MOBEPXHOCTHOMY MOBPEXICHHUIO €JIosi 21 CMa304HOro
MOKPBITHS TaKKe yBennmIuBaercsi. [IpuunHa mony4yeHust JaHHBIX 3((HEKTOB COCTOUT B TOM, YTO
MOCKOJIbKY OCHOBHAsl COJIb METaJlJIa U apOMaTUYECKON OpraHHYeCcKON KUCJIOTHI MPEACTaBlIeHa B
COCTOSIHUM KOJUIOMIHBIX TOHKOAWCIEPCHBIX YaCTHUL], M30BITOYHBIE COJMM MeTa/ula (PH3UUECKH
ancoOpOMPYIOTCS WM XUMHUUECKHU aICOPOUPYIOTCS TPy IIaMHA OPTaHUYECKUX KHCIIOT.

[0065] Ilpumeprl MeTaJUIMYECKON CONM apOMAaTUYECKON OpraHMYecKON KHCJIOThI
COZEepKAT OCHOBHBIC CYJIb(OHATHI, OCHOBHbIE CAHUIIMIIATH, OCHOBHBIC (DEHOJSITHI U OCHOBHBIE
KapOOKCHIIATHI.

[0066] IIlemoub, kOTOpasi OOpa3yeT KATHOHHYK YaCTh OCHOBHOU COJM MeTajula U
apOMaTUYECKOH OPTaHUYECKON KHCJIOTBI, SIBJISETCS, HAMPHMEp, LISNIOYBI0 OXHOrO Wik Ooee
TUTOB, BBIOPAHHONH M3 TPYIIIbL, COCTOSIIEH M3 ILIEJOYHBIX METAJUIOB M INEIOYHO3EMENbHBIX
metaiuioB. 1llenoup mpeanoyYTHTeNnbHO 00pa3oBaHA INEJOYHO3EMENbHBIM METAIJIOM U, KpoMe
TOTO, MPENNOYTHTENIBHO METAJNIOM OIHOTO WM OoJieeé THIIOB, BBIOPAHHBIX W3 TPYIIIBL,
COCTOSLIEH N3 KaJblUsl, OapHst U MarHus.

[0067] To ecTb, OCHOBHas COJib MeTajja U apOMaTHYECKON OpPraHU4YEeCKON KHCIIOTBI
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NPEACTaBIsieT COOOMH, HaMpUMepP, OIHY MJIM HECKOJIBKO METAJUTMYECKUX COJIEH, OTHOCSLINXCS K
TUTAM, BBIOPAHHBIM W3 TPYMIbI, COCTOSIIEH M3 OCHOBHOIO CyJb(OHATa HATPHs, OCHOBHOTO
cyiab(OHaTa Kaius, OCHOBHOTO CyJb(OHATa MarHusi, OCHOBHOIO CyJb(OHATa KaJbIHA,
OCHOBHOTO cyJsib(oHaTa Oapusi, OCHOBHOTO CaJHIMJIATa HATPHUsI, OCHOBHOI'O CANMIIMJIATA KaJIHS,
OCHOBHOIO CaJuLMjaTa MarHusi, OCHOBHOIO CajIMIMJIaTa KaJblL(Us, OCHOBHOIO CAaJIMIMJIATa
Oapusi, OCHOBHOTO (EHOJSITa HATPHs, OCHOBHOIO (PEHONATA Kajus, OCHOBHOTO (eHOIATa
MarHusi, OCHOBHOTO (DeHOJIATA KaJIbIIHsI, OCHOBHOTO (heHousATa Oapusi, OCHOBHOTO KapOOKCHIIaTa
HATpPUs, OCHOBHOIO KapOOKCHJaTa Kajiks, OCHOBHOIO KapOOKCHJIaTa MAarHusi, OCHOBHOTO
KapOOKcHIIaTa KaJIbLUsg 1 OCHOBHOTO KapOoKcwmiaTa Oapusi.

[0068] Yem BbII€ LIETOYHOE YMUCIO OCHOBHOM COJNIM MeETaula U apoOMaTHYECKOU
OPTraHUYECKON KHCIOThI, TeM OOJNbIIE yBEJINYMBAETCS KOJHMUECTBO MENKOAUCIEPCHBIX YaCTHI]
METAJUINYECKUX COJIeH, KOTOopble (PYHKIMOHUPYIOT, Kak TBepAas cmaska. B pesynbrarte,
CTOMKOCTb K NOBEPXHOCTHOMY MOBPEKACHUIO CJIOsl 21 CMa304HOrO MOKPBITUS yBEIMYUBAETCS.
JIOTIONMHUTENPHO, KOTAA IIEJOYHOE YMCIO MPEBBIIIAET HEKOTOPOEe 3HAY€HUE, NPOUCXOIUT
HeWTpanus3aluss KUCJIOTHOTO KOMIIOHEHTa. B pesynbrare, aHTUKOPpPO3UNMHOE MAEHCTBUE
CMa304YHOrO TOKpBbITUA Takxke ycunupaerca. IlosToMy, OCHOBHas Colb MeTaula U
apOMaTHYEeCKON OpPraHWYeCKOW KHUCIOTBI, MPENIOYTUTENbHO, uMeeT ImenoyHoe uuciao (JIS
K2501) (B BapuaHTe NMpUMEHEHUs COJIU ABYX WJIM OOJIbIIE TUIIOB, CPEAHEB3BEIICHHOE 3HAUCHNE
IIEJIOYHBIX YHCENI, U1 KOTOPBIX PacCMaTpPHBAIOT HEKOTOpoe KoamdecTBo) 50-500 mr KOH/r.
Korna menounoe unciao pasHo S0 mr KOH/r unm Gosblie, BbIIEyNOMsSIHYTbIE 3 (EKThI
MoJIy4aroT B pocrarodHoii mepe. Kornma menouHoe ducio He Gombine S00 mr KOH/r, MoskHO
YMEHBIIUTh TUAPOPUIBHOCTE M TOJYYHTh JOCTATOYHBIE AHTHKOPPO3HUIHBIE CBOWCTBA.
JIONOJHUTENBHBIN MPEANOYTUTENbHBIN HIKHUM TpeAes LIeJOYHOrO 4UCIa OCHOBHOW COJIU
MeTajula U apOMaTH4ecKOol opraHumueckoi kuciaotel paBeH 100 mr KOH/r u, Oonee
npeanoutuTensHo, paseH 200 mr KOH/r u, eme 6onee npeamnourutensHo, pasen 250 mr KOH/T.
JIONOJMHUTENBHBIN MPEANOYTUTENbHBIM BEPXHUI MpeAes IIeJOYHOrO0 YHUCiIa OCHOBHOM COJIU
MeTaJjia ¥ apOMaTUYECKOM OpraHuYecKoi KuciaoTel paseH 450 mr KOH/r.

[0069] Kak ommcaHO BbIlIE, OCHOBHAsI COJIb METAJJIa U apOMATUYECKONH OPTaHUYECKOU
KHCJIOTBI SIBJISIETCS BEIIECTBOM B KOHCHUCTEHTHOH (pOopMe WM MONyTBEpAOH (opMe M MOXKET
TAKKe CIY>KUTb 0a30BBIM cJioeM 21 cMa304HOTO MOKPHITHA. [103TOMY, OCHOBHAsI COJIb MeTajlIa 1
apOMaTUYECKOH OPraHMYECKOW KUCIIOTBI MOKET CONEepIKaThcs B OONBIIOM KojuyecTse, 10 70%
[0 Macce OT CYMMAapHOIO KOJMYECTBAa HENETYyYUX KOMIIOHEHTOB B Kommo3uuuu. HipkHui
npenea COMAEp)KaHHWsS OCHOBHOM COJNM MeTaula U apoMaTHYecKON OpraHMYecKOW KHCIIOThI
COCTaBJISIET, B MAaCCOBBIX MPOLEHTaX OT CYMMAapHOIO KOJIMYECTBAa HEJNETYyYUX KOMIIOHEHTOB B
KOMIO3UIUH, mpenmnoututeibio 20% wu, Oonee mnpeamnoururenpHo, 40%. Bepxuuii npenmen
COZIep>KaHUsl OCHOBHOM COJIM MeTalljla U apOMaTHYeCKON OpPraHW4eCcKO KHUCIOThI COCTaBIISIET,
npeanouTuTensbHo, 70%.

[0070] [TTopowmkooOpa3Hasi cMa3Ka|

Komno3nuuss MokeT copepikaTh MOPOLIKOOOPa3HYK CMasKy MUl JOMOJHHUTEIBHOTO

YBEIMYEHUsT CMa304HOH cmocoOHOocTH  ciost 21 CMa304HOro  MOKPBITHS.  TepMuH
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"mopomkooOpa3Hasi cMa3ka" B oOmeM OTHOCHTCS K J00aBKaM, HMMEIOLIUM CMa304uHYIO
cnocoOHOCTh. M3BECTHBIH B TEXHHMKE MOPOLIOK MOXKHO NPUMEHSATh, KaK MOPOIIKOOOPa3HYIO
CMa3Ky.

[0071] TlopomkooOpa3Hyr CMa3Ky MOXHO Pa3IeHThb [0 KATErOpHsIM, Hampumep, Ha
crenyromue derelpe THna. IlopomkooOpa3Has cMa3ka COAEPIKUT CMa3Ky IO MEHbIIeH mepe
OJTHOTO THITA, BEIOPAHHYIO U3 FPYIIIBI cocTosiei chenyromero (1) - (4):

(1) INopomxkoobpa3Hbele cMa3ku €O cHenu(PUIECKOH KPUCTAJUIMYECKOH CTPYKTYpOH,
TAKOH KaKk MHOTOCJOHHAsl IIECTUYTroJbHAs KPHUCTAUIMUECKash CTPYKTypa, B KOTOPOH JIETKO
BO3HHKAET CKOJIb)KEHHE, U KOTOpas MpPU 3TOM JEMOHCTPUPYET CMAa30uHYI0 CHOCOOHOCTh
(Harpumep, rpaduT, OKCUI IMHKA U HUTPUZ 00pa);

(2) IlopowmkooOpa3Hble CMa3K{, COAEpKAIINE PEAKLHOHHOCIIOCOOHBIM 3JIEMEHT B
JOTIONTHEHNE K cnenu(uyeckol KpUCTAJUINYECKOH CTPYKTYpe M IMPU 3TOM JIEMOHCTPUPYIOLINE
CMa304HYK CIMOCOOHOCTh (Hampumep, aucyiabpua MomubaeHa, aucynbpun BonbPppama,
¢dTopupoBanHbIii rpaduT, CynbpuUa 0J0Ba U CYIb(UA BUCMYTA),

(3) TIlopomkooOpa3Hble CMa3KH, AEMOHCTPUPYIOLIME CMAa304HYI0 CIOCOOHOCTD
BCJIE/ICTBHE PEAKLIIOHHOHN CIOCOOHOCTH (HampuMep, THOCYJIb(aTHbIE COSMHEHNS); U

(4) TlopomkooOpa3Hble CMa3KH, AEMOHCTPUPYIOLIME CMAa304HYI0 CIOCOOHOCTD
BCJIEZICTBHE TUIACTUYECKOIO MJIM BA3KOIJIACTUYECKOIO MOBENIEHHsI MO EHCTBUEM CHUJIbI TPEHUS
(manpumep, nomurerpadropatmies (PTFE) u monmnamun).

[0072] MOKHO IPUMEHSITh JIFOOBIE M3 MOPOIIKOOOPA3HBIX CMA30K, OMMCAHHBIX BBILIE B II.
(1) - (4). TToaTomy, moporrkooOpa3Hasi CMasKa sIBJISIETCS, HAPUMED, CMa3KOM OAHOTO wiu Ooee
TUTOB, BBIOPAHHON W3 TPYyNIMbI, COCTOsLIeH H3 TrpaduTa, OKCHIA LWHKA, HUTpUIa Oopa,
nucyibbpuna mojubneHa, aucyibdpuna Bodbdpama, GropupoBaHHOro rpadura, cynbhuga
0JIOBa, CyJb(puAa BUCMYTa, THOCYJb(aTHBIX coenwHeHui, nonuterpadropstuieHa (PTFE) u
MOJIMAMHUZA.

[0073] MokHO IPUMEHSTH MOPOLIKOOOpa3HbIEe CMa3kH, onucaHHbie B (1) - (4) 1Mo oxHOM.
Hanpumep, MOXXHO NMPUMEHSITh OHY MOPOLIKOOOPa3HYK CMasKy, omucanHyro B (1). [IBe wiam
OoJble MOpPOIKOOOpa3HBIX CMAa30K, OMUCaHHbIX Bbime B (1) - (4), MOXKHO TPUMEHSTH B
koMOuHatms. Hanpumep, nopomkooOpasHyr CMa3Ky, ONHCAHHYK Bbilie B (4), MOXHO
NPUMEHSTh B KOMOWHAIIMHU C TIOPOIIKOOOPa3HOI cMa3KoH, onrcanHOH Beiie B (1).

[0074] TIpenmouTUTENbHO, MOPOIIKOOOpA3HAsi CMas3Ka COHEPKUT CMa3Ky OJHOIO WU
Oosee THIOB, BBIOPAHHBIX W3 TPYIIBL, cOCTOsmed W3 BeimeynoMsHyThix (1) u (4). Cpenu
nopomkoodpasHbix cMma3ok (1), rpadur sBAsieTCS TPEONOYTUTENBHBIM MO  AAT€3HBHBIM
CBOWMCTBAM M aHTUKOPPO3UMHBIM CBOMCTBAM CJi0s1 21 CMa304HOrO MOKPBITUSA, WU UCKOMAEMbIii
rpaguT SBISETCS TPEATIOUTUTENBHBIM IO CBOHCTBaM (opmupoBaHusi r1uieHkd. Cpenu
NOPOLIKOOOpa3HON cMa3KH (4) sSBIsIETCS] IPEANoUTUTENbHBIM nosuterpadTopsTiieH (PTFE).

[0075] [OMONHHUTENHHO, MPENMOYTHTEIHHONW MMOPOIIKOOOPAa3HOH CMa3KOW SIBJISIETCS
nonurerpadropatunex (PTFE).

[0076] Conep>xanne mMOPOLUIKOOOPA3HOW CMa3KH B KOMITO3HIHH, HPEATIOUYTHUTENBHO,

Haxoautcsd B auanazoHe 0,5-20% mo Macce OT CyMMapHOrO KOJMYECTBa HENeTydHux
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KOMITOHEHTOB B Komno3uimu. Korga conepskanue mopormkoodpasHoi cMmasku He Menbine 0,5%,
CTOMKOCTb K TMOBEPXHOCTHOMY TIOBPEXIEHHUIO JOMOJHUTENbHO yiyuinaercs. Ilpu sTtom
yBEIMYMUBAETCS KOJIMYECTBO ONepaluii CBUHYMBAHMS MU Pa3sBUHUYMBAHUS, KOTOpPbIE MOXKHO
BBIIOJHATE [0 TMOSIBJI€HUA IOBEPXHOCTHOro mnospexaeHus. C Apyroil CTOpOHBI, eciu
comepkaHue cMasbiBaromeil nobasku He Oonbme 20%, mpodHocTh ciosg 21 cma3o4yHOro
MOKPBITUs JOMOJIHUTENBHO YyBenuuuBaeTcs. B pesynprate, u3HOC ciosi 21 CMa304HOro
MOKPBITUSL 3aMeqyisieTcss. BepxHuil mpenen conepkaHHus IMOPOLIKOOOpa3HOW cMas3ku, Ooee
MPEINOYTUTENBbHO, cocTaBsieT 15% u, Hanboee mpeanoYTUTeNbHO, coctasisieT 10%.

[0077] [/leTyune opraHnyecKkre pacTBOPUTENH |

Komnosuuuss MOXeT cOonep:kaThb JIETy4UMH OpraHU4eCKUH pacTBOpUTENb. B Bapuanrte
NPUMEHEHHUsT TPU HOPMAJbHON TeMIlepaType KOMIIO3MLMIO TOTOBAT, MOOABIsAs JIETydui
OpraHU4YeCKU PACTBOPUTENIb B CMECh KOMIIOHEHTOB KOMIIO3ULMH Cjosi 21 cMa304HOro
nokpeiTust. Jleryunii opraHMuecKuii pacTBOPUTENb OTIHYAETCs OT 0a30BOr0 Macjia CMa304HOIo
COCTaBa W HCHApsieTcs Ha 3Tale CO3AaHMs CJIOs CMa304yHOro nokpbiTus. Ilostomy, neryuunit
OpPraHUYEeCKUH pacTBOPUTENb, MO CYILECTBY, HE OCTA€TCsl B CMA304YHOM NOKpbITMM. TepMun
"neryumii" O3HAYAeT, YTO MMEETCS TEeHAEHLUS HCIAPEHHs] OPraHH4YeCKOro pPacTBOPUTENS B
MOKPBITUHU TIPU TEMIIepaType B Juara3oHe OT KOMHATHOH Temmepatypbl 1o 150°C. Bmecte ¢
TeM, cjol 21 CMa304HOrO0 TOKPBITHA HACTOSIIET0 BapUaHTa OCYLIECTBJICHUS MOXET
IPEACTAaBIATh COOON BSA3KYIO XKUAKOCTH WIIH MOJIyTBEPAOE BELIECTBO, U MPUEMIIEMbIM SIBIISIETCS,
€CJIM HEKOTOPOE KOJIMYECTBO PACTBOPUTEIISI OCTAETCA.

[0078] OcoOeHHbIX OrpaHUYEHUI MO THIAM JIETYYHUX OPTaHUYECKUX PACTBOPUTENIEH He
cyumectByer. Hampumep, mneTyunii OpraHMYECKHI pPacTBOPUTEIb SIBJISIETCS HE(PTSIHBIM
pactBoputenem. HedsaHoil pacTBOpUTENH, HAIPUMEp, MPEACTABICH OAHUM WM HECKOJIbKHMHU
TUTIAMH ~ PACTBOPUTENS, BBIOPAHHBIMH W3 TPYMIbL, COCTOSALIEH W3  PacTBOPUTENEN,
COOTBETCTBYIOIUX MPOMBIILIEHHOMY OeH3uHy, 3amanHomy no JIS K 2201, yaitrcnupury,
apomatn4yeckoi HeTH, HadTe, TUMETHUIOSH30Jy U STOKCHITAHOIY .

[0079] JleTryuuii opraHuyecKUil pacTBOPUTENb, UMEIOLIUI TeMmnepaTypy Bemnblmku 30°C
WIM BbIIlle, HayalbHyl TO4uKy kumneHus 150°C wnu Bbllle ¥ KOHEYHYIO TOYKY KHUIIEHHs He
Oonpme 210°C, sBAsieTcs NPEONOYTHTENBHBIM C TOYKH 3PEHHS OTHOCHUTENIBHO IPOCTOH
ucrpaBHOH padoThl C HHUM, a Takxke Oyaromapst ObICTPOMY HCIIAPEHUIO M, CJIEAOBATENBHO,
KOPOTKOMY BPEMEHH CYLIKH.

[0080] TIpomopumio ieTy4ero OpraHUYECKOro PacTBOPUTENSI MOXHO OTPEryJHpPOBATH
IV TIONyYeHHs HY>KHOM BSI3KOCTH COTJIACHO crmocoOy mnpumeHeHus. CopepikaHUe JIeTydero
OpPraHU4EeCKOro pacTBOPUTENS COCTaBjsieT, Hampumep, 20-50 yacTel, eciu B3ATb CyMMapHOE
KOJIM4YECTBO HEJIETy4YUX KOMIIOHEHTOB 3a 100 yacTeii.

[0081] [dpyrue KOMIIOHEHTHI |

KoMno3nuusi MOXeT Takke COAEp:KaTb aHTUKOPPO3UHHYIO JT00aBKY, aHTHUCENTHYECKOE
CPEICTBO U KPAcCALINM MUIMEHT UJIH T.I1. U3BECTHOE B TEXHUKE.

[0082] [AHTHKOppO3HiiHAsT 1OOABKa|

Crnoii 21 cMa304HOrO MOKPBITUS AOJKEH MMETh aHTUKOPPO3UNHBbIE CBOWMCTBA, KOTOpHIE
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MOJKET COXPaHATh JJIHUTEIbHOE BpeMs A0 (aKTHUECKOro CBOEro mpuMeHeHws. 1o yka3zaHHOH
NPUYNHE, KOMIIO3UIUSI MOXET COIEp’KaThb AHTUKOPPO3MHHYI0 100aBKY. AHTHKOPPO3HMHHAsS
nobaBka B OOINEM OTHOCHUTCS K J100aBKaM CO CBOWMCTBA NPOTUBOACHCTBHUS KOPPO3HHL.
AHTHKOppO3UitHas noOaBKa COAEPIKUT, HANIPUMED, OIHY WM HECKOJBKO ITOOABOK, BBIOPAHHBIX
U3 TPYIIIBL, cocTosALed u3 Tpunoimdocdara amomMunus, Gochura amOMUHUS U KpeMHe3eMa C
3aMELIeHHbIM HOHOM Kaiblus. [IpennodTurensHO, aHTUKOPPO3HHHAS J00aBKAa COAEPIKUT IO
MEHbBIIEH Mepe OIHO BEIIEeCTBO, BBIOPAHHOE W3 TPYIIBL, COCTOSIEH M3 KpeMHe3ema C
3aMELIeHHbIM HMOHOM Kaiblusg U ¢ochura amomuHus. [[pyrue mpumepsl aHTUKOPPO3UHHBIX
n00aBOK, KOTOpblE MOXKHO NMPHUMEHSTh, COAEPXKAT CEPUIHO BBITYCKAEMbIH M HMEIOLIUHCS B
NPOJaXKe PEaKTUBHBIN rUIPOPOOHBII areHT.

[0083] CopepkaHue aHTUKOPPO3MHHOM M00AaBKM B KOMITO3HULIMU TPEANIOYTHTEIBHO
uMeer auanazoH 2-10% mo macce OT CyMMapHOrO KOJUYECTBA HEJETYyYUX KOMIIOHEHTOB B
komnosunuu. Kornma conepskaHue aHTUKOPPO3UMHOW 100aBkuM He MeHbine 2%, cioi 21
CMa304HOTO MOKPBITHUS JOTOJIHUTENIBHO  J€MOHCTPHUPYET HEU3MEHHO BBICOKHE
aHTUKOppo3uiHble cBoiicTBa. C apyroil CTOpPOHBI, KOTAa COAEp>KAaHHE AHTHUKOPPO3UIHOMN
nobaBku He Oosnbre 10%, coii 21 ¢cMa304HOr0 NOKPBITHS AEMOHCTPHPYET HEU3MEHHO BBICOKYIO
CMa304HyK0 crnocobHocTh. Ecium comep:kaHue aHTHKOpPpO3uitHON mnoGaBku Oogbime 10%,
AHTUKOPPO3UHHBIN 3P (PEKT NOJKEH JOCTUTATh Mpeaena.

[0084] [AHTUCENITHYECKOE CPENCTBO]

Komnosunuss MOXKET JONOJHUTENBHO COAEpXkKAaTb AHTHCENTUYECKOE  CPEACTBO.
AHTHCENITHYECKOE CPENCTBO TakXe B OOIIEeM OTHOCUTCS K J00aBKaM, MMEIOIINM CBOMHCTBA
MPOTUBOAEHUCTBUS KOPPO3UH.

[0085] IlocpencTtBom cMmermmBaHHs BbILeyNOMsAHYThIX Cr,O;, MeTalIMuecKoro MbLia,
BOCKAa, OCHOBHOM COJNM MeTajula U apOMaTHYeCKONW OpraHMYecKOW KHUCIOTBL, a TakKe APYTUx
KOMITOHEHTOB MOXKHO TOJIy4UThb pe3b00BOe coenuHenue 1 st TpyO uitk natpyOKOB HACTOSIIETO
BapHaHTa OCYILECTBJIEHUsA, UMEIOLIee CIOM 21 CMa304uHOr0 MOKPBITHS.

[0086] [Cnoti MeTamuIM4eCcKOro TOKPBITHS |

PesvboBoe coenuHenne 1 g1 TpyO wimM  maTpyOKOB  HACTOSIIIErO  BapHaHTA
OCYII€CTBJIEHUS] MOXKET JOTOJHUTEIBHO COIePIKaTh CIOW METAJUINYECKOrO MOKPBITUS MEXKIY 10
MEHbIIEH Mepe ONHOW M3 KOHTAKTHBIX MOBEpPXHOCTeH Hummens 5 u mMydrtel 8 u cioem 21
CMa304HOro nokpeiTus. Cloil MeTaNIN4yecKoro MOKPBITHS, HAPUMED, SIBJISIETCS OJHUM CJIOEM
METAJUIMYECKOTO TOKPBITHS, BBIMOTHEHHBIM U3 Cu, Sn wiu Ni, OHHUM CJIOEM METAJUINYECKOTO
MOKPBITHUS], BBIMNOJNHEHHbIM K3 cruiaBa Cu-Sn, AByMsl CIOSIMH METAJJIMYECKOro IOKPBITHS,
BbINOJMHEHHBIMU U3 cjosg Cu M crnos Sn, UM TpeMsl CJIOSMU METAJUIMYECKOIrO IOKPBITHS,
BBIMTOJHEHHBIMH U3 ¢J10s1 Ni, ¢jtost Cu u ¢iost Sn.

[0087] TBepmOCTh €Ol METAJUIMYECKOTO MOKPBITUS MPEANOUYTUTENBHO cocTaBisgeT 300
ennHUL 1o Mukpo-Bukkepcy mnm Oonbine. Eciu TBEpAOCTD CIIOST METAJUIMYECKOTO MOKPBITUS
300 wmu Oosbime, pe3pOOBOe coeawHeHne | it TpyO wim MaTpyOKOB JEMOHCTPUPYET
HEU3MEHHO BbICOKOE COMPOTHUBJIEHUE KOPPO3HUH.

[0088] TeepmocTb €08 METANIUYECKOrO MOKPBITHUS MOXHO H3MEPUTH CIEAYIOLUM
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oOpa3oM. BriOnparoT npou3BOIBHO ISITh 30H B CJIOE METAJUTMUECKOTO TMOKPBITHS MOJyUYEeHHOTO
pe3pboBoro coeauaenus 1 st Tpyd mnm nmarpyokos. Teepnocte nmo Bukkepcy (HV) B xaxnoi
U3 BBIOPAHHBIX 30H U3MEPSIIOT coryiacHo JIS Z 2244 (2009). YcnoBust UCTIBITAHUH CIIEAYIOLIHE:
TEeMIepaTypa HCIBITAHHS SBISIETCS HOPMaNbHOW Temmeparypoil (25°C), u cuia HMCHBITAaHUS
cocrapnsier 2,94 H (300 rc). CpenHee moOJy4eHHBIX 3HAYCHHWH (C 5 MeCT) OMpedessiioT, Kak
TBEPIOCTD CJIOS] METAJIIMUECKOTO MOKPBITHS.

[0089] B BapmanTe 00pabOTKU C MOJNyYEHHEM MHOTOCIOWHOW METAJUTM3allMy TOJIIHUHA
CaMOro HIDKHETO CJIOSI METAJUINYECKOT0 OKPBITHS PEATIOUTUTENBbHO MeHbIne | Mxm. TonmuHa
MeTajuln3auuy  (CyMMapHasi TOJIIHWHA CJIOE€B METAJUIM3allMd B BAapUaHTE MHOTIOCIOHHON
METaJUIN3aLUH) PEANOYTUTENBHO UMEET BETMYUHY B TUara3oHe 5-15 M.

[0090] TommuHy CIIOSI METAJUIMYECKOTO IMOKPBITUS U3MEPSIIOT CIEAYIOIUM OOpa3oM.
30HA BUXPEBOro TOKAa (pa30BOrO THIA, HU3MEPSIOLIEr0 TOJLIMHY IUIEHKH, WHCTPYMEHTA,
coorBercTByomero tpedoBanusim ISO (International Organization for Standardization) 21968
(2005) BBOmAT B KOHTAKT C KOHTAKTHOW NOBEPXHOCTBIO, Ha KOTOpPOH o0Opa3oBaH CIioi
METAJIMYECKOr0 MOKPBITHS. M3MepsIoT pasHOCTh (pa3 BBICOKOUACTOTHOTO MArHUTHOTO MOJISI HA
BBOJIHOI CTOpPOHE 30HIAa M BHUXPEBBIX TOKOB Ha CJIO€ METAJUINYECKOrO IOKPBITHS,
BO30Y KAE€HHBIX BBICOKOYACTOTHBIM MAarHUTHBIM 1ojieM. PazHocTh (a3 mpeoOpasyroT B TONLIMHY
CJIOSI METAJIJIMYECKOTO MOKPBITHUSI.

[0091] [TTony4eHHOE XUMHYECKOH KOHBEPCUOHHON 00pabOTKOM MOKPBITHE ]

PesvboBoe coenuHenme 1 gpas TpyO wiM  maTpyOKOB  HACTOSIIErO  BapHaHTA
OCYILECTBJIEHUS] MOKET JOIOJHUTEJBbHO COAEp)KaTh MOA ciioeM 21 CMa30uHOrO MOKPBITHS
MOJIyYeHHOE XUMHYECKOH KOHBEPCHOHHOH OOpabOTKOH TOKphITHE (Hanee XUMUYECKOoe
KOHBEPCHOHHOE TMOKPBITHE), MMEIOIIee MOBEPXHOCTb, HAXOMSLIYIOCS B KOHTakTe ¢ ciioeM 21
CMa304YHOTO TOKpPBITHA. [IpuMepbl XHMHUYECKOrO KOHBEPCHOHHOTO TMOKPBITHUS COAEpIKAT
XUMHYECKOe KOHBEPCUOHHOE OKCAJATHOE MOKPBITHE U XUMHYECKOe KOHBEPCHOHHOE TOKPBITHE
u3 bopara.

[0092] Xumudeckoe KOHBEPCUOHHOE TOKPBITHE SIBJISIETCS] MOPUCTHIM. Takum oOpazom,
KOTZIa BBIMIOJHSIIOT CJIOH 21 CMA304HOTO MOKPBITHS HA XUMHYECKOM KOHBEPCHUOHHOM TOKPBITHH,
NOJIyYat0T TaK Ha3blBaeMblil "3akperuitromuii 3¢gdexr” u, B pesynbrare, cioi 21 cMa304HOro
MOKPBITUSL JIEMOHCTPUPYET IOIMOJHHUTEIBHO YBEIWYCHHBbIC aare3nBHbIE CBOMCTBA. TosmmHa
XUMHYECKOTO KOHBEPCHOHHOTO TOKPBITHS, MPEATNOYTUTENIbHO, HAXOOUTCS B nuamna3oHe 5-40
MkM. Korpa tommmuHa XMMHUYE€CKOrO KOHBEPCHOHHOTO TMOKPBITHSI HE MEHBIIE 5 MKM, MOXHO
o0ecreunTh JOCTATOYHOE CONPOTHBICHHE Kopposmu. Korma TommuHAa XHUMHUYECKOTO
KOHBEPCHOHHOTO TMOKpbITH He Oojbmie 40 MkMm, cinoii 21  CMa304HOrO  MOKPBITHS
IEMOHCTPHUPYET HEM3MEHHO BBICOKHE a/Ire3UBHBIE CBOICTBA.

[0093] [IloBepxHOCTb, TOABEpPraeMasi CTPyHHOW OOpabOTKe, WM TMOBEPXHOCTD,
noJiBepraeMasi TpaBJICHUIO |

B pe3bboBoM coemuHernu 1 g TpyO wmimM matpyOKOB HACTOSIIErO BapHaHTA
OCYILECTBJICHUS MTOBEPXHOCTh, HAXOMAIIAsACA B KOHTAKTE C CJoeM 21 CMa304HOrO IMOKPBITHSA,

MOJKET OBITh MTOBEPXHOCTHIO, KOTOPYIO MOABEPTIIN CTPYHHON 00pabOTKe MIIH TPABJICHHUIO.
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[0094] IloBepxHOCTb, KOTOPYHO IOIBEPIIHM CTPYHHOW 00pabOTKe WM MOBEPXHOCTD,
KOTOPYIO TIOIBEPIJIM TPABJIICHHIO HMEET IepoxoBaTocTh. lIlepoXoBaTOCTP MOBEPXHOCTH
NPEATIOUYTUTENILHO UMEET apu(PMETHIECKYIO CPEAHION MepoxoBaTocTh Ra 1-8 MM u Ga30Byro
nny 2,5 mm. Korna apudmerndeckast cpenssisi mepoxoBaTtocTh Ra He menbine 1 MM, ciioi 21
CMa304YHOTO TMOKPBITUS JEMOHCTPUPYET IOMOJHUTENBHO YJYUIIEHHBbIE aAre3UBHbIE CBOMICTBA.
Korna apudmernueckas cpensisi mepoxoBatocTb Ra He Oonbine 8 MKM, TpeHHUE HHTHOUPYeTCs
Y TI03TOMY UHTHOUPYETCSI MOBPEXKIEHUE U OTAENIeHHE CJI0osi 21 CMa309HOTO MOKPBITHSL.

[0095] Apudmernueckyro CpEmHIO MIEpOXOBATOCTh Ra, yKa3aHHYI0 B HACTOSIIEM
onucanuy, u3mepsitor Ha ocHose JIS B 0601 (2001). Hampumep, apupMeTUIECKYIO CPEIHIO0
IIepOXOBAaTOCTh Ra MOKHO M3MEpUTh, MPUMEHSSI MUKPOCKON CO CKaHUPYHOIUM 30HAOM (SPI
3800N npowussoactea SII NanoTechnology Inc.). YcnoBusimu nsmepenusi, HanpuMep, sIBJISIOTCS
KOJMYECTBO OMOPHBIX Toduek 1024 x 1024 B 30Hax oTO0pa 00pa3uoB 2 MKM X 2 MKM, KaK €IUHUL]
coOpannbIx maHHbIX. JyuHA oTOOpa Tpob cocrasnser 2,5 mm. Uem Oombine apupmerudeckas
CpenHssl IepoXoBaTOCTh Ra, Tem Oosblle yBENIWYMBAECTCS KOHTAKTHAS IUIOMAAb ¢ cioeM 21
cMa304HOro nokpeiTusi. [loaToMy, anre3uBHble CBOMCTBA MO OTHOLIEHHIO K CJIOK0 21 cMa304HOrO
HOKPBITHS YBEJINYMBAIOTCA, Onaromaps s¢dexty 3akperuienus. Korma anresnBHblE CBOWCTBA
cnost 21 CMa304YHOrO TOKPBITUS YBEIMYHMBAIOTCS, pe3bOOBOe coemuHeHue | mmst TpyO wim
naTpyOKOB JI€MOHCTPUPYET JOMOJHHUTENBHO YBEINYEHHYK) CTOWKOCTH K IOBEPXHOCTHOMY
MOBPEXKICHHUIO.

[0096] ba3oBblit MeTai1 pe3prboBOro coequuenus 1 s TpyO wiu natpyOkoB|

Komnosunus 6a30Boro Merajia pe3b00BOro coenuueHust 1 mjst Tpyd win natpyOKOB He
UMeeT CIeUHANbHBIX OrpaHudeHuii. Ilpumepbl 0a30BOro MeTayia COAepkKaT YIJIEPOAHCTHIE
CTall, HEP)KaBEIOIIMe CTald U JiermpoBaHHble cTanu. Cpeaw JerupoBaHHBIX —CTayeid
BBICOKOTIPOYHBIE JIETUPOBAHHBIE CTAJIH, TAKUE KaK JABYX(a3Hble HEPIKABEIOINUE CTaIU, KOTOPhIE
COZepIKaT JIErupyromiue dieMeHThl, Takue kak Cr, Ni u Mo, a Takske criaB Ni IMEIOT BbICOKOE
COIPOTHUBJIEHUE KOPPO3UH. [103TOMY ¢ MpHMEHEHHEM JaHHBIX BBICOKOJIETHPOBAHHBIX CTaJIeH,
Kak 0a30BOr0 MeTajula, MOJIyHaroT MPEBOCXOAHOE COMPOTHUBJIEHHE KOPPO3HU B KOPPO3HMOHHOH
OKpY KaroLIen cpeze, coaepraeiil CepoBOIOPON HITH IBYOKHCh YIJIEPOAA WU T.II.

[0097] [Criocob monyverws |

Hwuxe B JaHHOM IOKyMEHTE, OMHUCAH CIOCO0 HACTOSIIEro BAPHAHTA OCYLIECTBICHHS IS
NOJTyueHus: pe3b00BOro coequHenust 1 st TpyO umm natpyOKoB.

[0098] Cmocob monydeHust pe3pOOBOro coemuHeHws | st TpyO wium marpyOKoB
HACTOSIIIEr0 BapUaHTA OCYIIECTBICHUS! COAEPIKHUT 3TAIl CO3/IAHUS CJIOS CMA30YHOTO MOKPBITHS,
HAa KOTOPOM BBITIONHSIIOT CJIOH 21 CMa304YHOTO MOKPBITHS, MPUMEHSST KOMITO3UIIMIO HACTOSIIErO
BapHUAHTA OCYLIECTBIICHNUS, TI0 MEHBLIEH Mepe Ha OJHON U3 KOHTAKTHBIX MIOBEPXHOCTEH HUTIIEIS
5 u mydThI 8.

[0099] [DTan BBINOJHEHUS CJI0SI CMa304YHOTO IMOKPBITHSI |

Ha stame co3nmaHusi €10 CMa304YHOTO TMOKPBITHS, CMECh COCTABJSIFOIIUX KOMITOHEHTOB
KOMITO3UIIH, OTMMCAHHON BBILIE, PA3KMKAIOT MOCPENCTBOM AO0OABIEHHS PACTBOPUTENS W/WIU

Harpesa, U XUJKYHO CMEChb HAHOCAT I1O MEHBIIEeH MEpPE HAa OJHY M3 KOHTAKTHBIX HOBerHOCTefI
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Hunmenst 5 u mMydrel 8. KomMnosuuuro, HAHECEHHYI0 Ha KOHTAKTHYIO IOBEPXHOCTh, CYLIAT,
CKOJIbKO HeoOXommMmo, IJisi co3maHust cinost 21 cmazouHoro mnokpeitusi. OrpaHuyeHHs IO
COCTOSIHUAM cJiost 21 cMa304HOro NOKpbITHS He mnpeaycMorpeHbl. CocrosHus cios 21
CMAa304YHOIO MOKPBITUS COIEpXKAT, HAIpUMEpP, TBEPAOE, COCTOSHUE BSI3KOM >KMIKOCTH WU
MOJIyTBEPAOE.

[0100] BHayane roToBsaT KOMMo3uuuio. KoMmo3unuw He comaepkKaiero pacTBOPHUTEINS
THNA MOXKHO IIPUTOTOBUTb, HAIPUMEpP, IOCPEACTBOM HArpeBa CMECH COCTaBJISIFOLIUX
KOMIIOHEHTOB  BBILIEYIIOMSIHYyTOM KOMIO3ULMU OO PACIUIABJIEHHOIO COCTOSIHMSI U €€
3amemnBanuA.  Kommosuiust MoxkeT ObITh CO3aHa W3 MOPOLIKOOOPA3HOM — cMecH,
MIPUTOTOBJICHHON CMEIINBAHUEM BCEX KOMIIOHEHTOB B MOPOIIKO0Opa3Hoi popme.

[0101] Kommnosuuuro copepallero pacTBOPUTENb THUIA MOXHO IPUTOTOBUTD,
HanpuMep, MOCPEACTBOM pacTBopeHus wnu aucnepruposanus Cr,Os;, METanIn4eckoro Mbuia,
BOCKA W OCHOBHOM COJIA MeTajyla U apOMaTU4YECKOH OPraHUYECKOM KHUCJIOTBI B JIETy4YeEM
OpraHU4eCKOM PACTBOPUTEIIE U UX CMEIIUBAHUS.

[0102] [nsg KOMIO3UIMM HE COMAEP KALIEro PAcTBOPUTENS THUIA MOXHO IPHUMEHSTh
crnioco0 pacruiaBa JJIsi HAHECEHHs1 KOMIo3unuu. B croco0e pacmiiaBa KOMIIO3HLIMIO HArPEBArOT
A7l TUIABJEHUS] A0 TEKy4ero COCTOSHUSI € HU3KOM BSI3KOCTbIO. KoMmosuuur B TeKyueM
COCTOSTHMM MOKHO HANIBUIATBH COIUIOM ¢ (yHKUIMeH moanepskaHus Temnepatypsl. Kommnosurmo
HArpeBarOT M PACIJIABSIIOT B €MKOCTH, COAEpXKAIleHd MOAXOAALIUN IepeMellnBarOLUi
MEXaHMU3M, IOJAI0T JO3HPYIOLIMM HACOCOM HA HAIBUIAIOLIYIO TOJOBKY (TOIAEPKUBAEMYIO
HArpeToll 1O 3aJaHHOW TEeMIepaTypbl) COIUIA C IOMOINBID KOMIPECCopa, M MPOU3BOMST
HamblieHHe. TemmepaTypa HarpeBa, Hampumep, umeer auamasoH 90-130°C. Temmnepartypel,
MOAMEPKUBAEMbIE BHYTPH €MKOCTH U HANBUIAIOIIEH NOJIOBKH, PETYJIUPYIOT 11O TOYKE IJIABJIEHUS
KOMITO3ULIUH. MOXHO PUMEHSATDb APYTOH CIOCO0 HAHECEHHMsI, TAKON KaK HAHECEHHE KHCTBhIO WITH
MOTPY>KEHUEM, BMECTO HaNbUIEHUs NOKPBITUA. TemmepaTypa, A0 KOTOPOW KOMITO3ULIMIO
HarpeBaroT, MPEANOUTUTENbHO BBIIIE TeMIepaTypbl MiaBiaeHus komnosunuu Ha 10-50°C. Jlo
HAHECEHUs] KOMIIO3ULIMM, MO MEHbIIEH Mepe OJHYy KOHTAaKTHYH IOBEPXHOCTb, Ha KOTOPYIHO
KOMITO3UIUS TOJI’KHA HAHOCUTBCS, HUMMENS 5 win My(Thl 8, MpennoYTUTEIBHO HArpeBaKT A0
TeMIepaTypel BbIIIE TEMIEPAaTypbl IUIABJICHMs OCHOBHOrO Marepuana. JlanHoe pnenaer
BO3MOJKHBIM JIOCTH)KEHUS YIOBJIETBOPUTENIbHBIX CBOMCTB IMOKPBITHS.

[0103] B BapuaHTe KOMMO3MLIMU COZAEpIKAILEero pPacTBOPUTENb THMA KOMIIO3UIMIO B
¢opMe pacTBOpa HAHOCAT HAa KOHTAKTHYIO IOBEPXHOCTH CIIOCOOOM HANBUICHUS] TIOKPBITUS WIIH
apyruM crocoOoM. B nmaHHOM ciiydae BSI3KOCTh KOMITO3HULIMM MOKHO OTPETyJIMPOBaTh TakK,
yroOBl 00ECNeunTh HAHECEHHE IIOCPEIACTBOM HAIBUIEHHS B OKPYJKAOIIeH cpene Mpu
HOPMAaJIbHOM TEMIIEpaType U AABJICHUMU.

[0104] B BapuaHTe KOMMO3MLIMM HE COAEpIKAILEro pacTBOpUTENs Tuma, cioi 21
CMA304YHOI'O MOKPBITUS CO3MAIOT IMOCPEACTBOM OXJIAXKACHUS KOMIO3WULIUM, HAHECEHHOW Ha
KOHTAKTHYIO TOBEPXHOCTb MUl OOECNeYeHHs CYIIKH KOMIIO3WLIUH, HAHECEHHOW B
pacIuiaBieHHOM cOocTOsTHUM. [Iporiecc oxXa)IeHus1 MOSKHO TPOBOAHTH CIIOCOOAMH H3BECTHBIMU

B TCXHUKE. HpI/IMepr npouecca OXJIAXKACHUA COACPKAT CCTECCTBCHHOC OXJIAXIACHUE U
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BO3Jly ITHOE OXJIAXKACHUE.

[0105] B BapuaHTe KOMMO3ULIUU COJEPKALLErO PACTBOPUTENb TUNA CiIok 21 cMa304HOrO
MOKPBITUST CO3JAI0T IOCPEACTBOM CYLIKM KOMIIO3MIIMM, HAHECEHHONH Ha KOHTAKTHYIO
noBepXHOCTh. IIpomecc cymku MOXKHO TPOBOAHWTH CIOCOOAMH H3BECTHBIMH B TEXHHUKE.
Ilpumepsl mpouecca CyLIKH COAEP)KAaT €CTECTBEHHYIO CYIIKY, HHU3KOTEMIIepaTypHYIO
BO3JYLUHYIO CYyIIKY U BAKYYMHYIO CYILKY.

[0106] OxnaxkmeHne MOXKHO TPOBOIUTH, KaK OBICTPOE OXJIAXKACHHE C MPUMEHEHHEM,
HaIpUMep, CUCTEMBI OXJIAXKIEHHUsI ra3000pa3HbIM a30TOM I CHCTEMBI OXJIAXKIEHHS! JIBY OKUCBIO
yriaepona. B BapuaHTe, rae BBINOJHAIOT OBICTPOE OXJIAXKIEHHE, OXJKACHHE NMPOBOIST B HE
IPSMOM PEKUME Ha MOBEPXHOCTH IMPOTHBOIOJIOXKHONH KOHTAKTHON MOBEPXHOCTH (B BapHaHTE
My(ThI 8, Ha Hapy>KHOW MOBEPXHOCTU CTAJIBHON TPYOBI 2 MM COENUHUTEIBHON My(dTHI 3, U B
BapUaHTEe HUNIENS 5 Ha BHYTPEHHEH MOBEPXHOCTb CTaNbHOW TpyO®! 2). JlanHHOe MHruOHpyer
Aerpaganuo cios 21 cMa304uHOro MOKPBITHSA, KOTOPYIO MOXKET BBI3bIBATH OBICTPOE OXJIAKACHHUE.

[0107] IIpeanodTurenpHO, ¢iaoi 21 cMa304HOrO MOKPBITHS MOKPHIBAET BCKO MO MEHbIIEH
Mepe OIHY M3 KOHTAKTHBIX MOBepxHOcTedl Hummens 5 u mydtsl 8. Crnoit 21 cma3zouHOro
MOKPBITUST MOXKET TOKpPBIBATh TOJBKO HYACThb KOHTAKTHBIX IOBEPXHOCTEH (HAampuUMep, TOJBKO
yuacTku 10 u 13 MeTananueckoro yrjaoTHEHUs).

[0108] Cinoit 21 cMa304HOTO MOKPBITHSI MOKET OBITh BBITOJHEH B BHE OJHOTO CJIOS WU
MHOTOUYHUCJIEHHBIX CJI0eB. TepMUH "MHOTOUYMCIIEHHbIE CJIOH" OTHOCHTCS K ABYM HJIH OOJIbLIE
npocyoiikaMm ¢jost 21 CMa304HOro MOKPBITHS, PACIOJOKEHHBIM B IOCJIEIOBATEIBHOCTH OT
CTOPOHBI KOHTAKTHOM MOBEPXHOCTH. J{Be MiH OoJibIe mpocioek ¢iiosi 21 cMa304HOrO MOKPBITHUS
MOKHO BBITIOJIHUTD, TOBTOPSsi HaHeceHHe U CywKky kommosummu. Cnoit 21 cma3zouHoro
MOKPBITUSI MOXKHO CO3/1aBaTh HANPSMYI0 Ha KOHTAKTHOHM MOBEPXHOCTH WJIM MOXKHO CO37aBaTh
NIOCJI€ BBIMOJIHEHHS TOATOTOBUTENBHONH 00paboTku (00paboTOK) KOHTAKTHOH MOBEPXHOCTH,
ONMCAHHOMN HIKE.

[0109] Tonmmuna cnost 21 ¢cMa304HOTO MOKPBITHSI COCTABJISIET, MPpeAnouTuTeabHo, 10-40
mMkM. Korga TonmuHa ciost 21 ¢Ma304HOro MOKPBITHS COCTaBJsieT 10 MKM Hitl OOJIbIIE, MOYKHO
CTa0MIJIBHO TMOJIy4YaTh BBICOKYK) CMa304HYIO COCOOHOCTh. C Ipyroii CTOPOHBI, KOTJa TOJIIMHA
ciost 21 cMa304HOro MOKpbITHA HE Oosbine 40 MKM, aare3uBHbIE CBOHWCTBA CJIost 21 cMa304HOrO
MOKPBITUSL  SIBJSTFOTCSL  cTabmibHBIMH. Kpome Toro, korma TommuHa ciosi 21 cMa304HOro
NOKpbITHST He Oonbine 40 MKM, MOCKOJIBKY JOIMYCK (3a30p) CKOJB3SIINX MOBEPXHOCTEN pe3bObl
paciuiupsieTcs, IaBJeHHE Ha YIOPHBIX IOBEPXHOCTSX BO BpeMsl CKOJBKEHHS CTaHOBUTCS
MeHbine. 11o3ToMy, MOXXHO HMHIHOMpPOBATH HYPE3MEPHOE YBEIHUYEHHE KpPYTSIIEro MOMEHTa
cBuH4YMBaHUs. COOTBETCTBEHHO, TOJIIMHA CJ0si 21 CMa304HOro MOKPBITUS MPENNOYTUTENBHO
coctasisieT 10-40 MkMm.

[0110] Tommuuy cnost 21 CMa304YHOTO TOKPBITUS U3MEPSIFOT CIEAYIOMUM CIIOCOOOM.
Crnoii cMa304HOrO MOKPBITHUS HAHOCAT Ha IUJIOCKYIO IUIACTHHY IPHU YCJOBUSX, OJUHAKOBBIX C
YCIIOBUSIMA HaHECEHMs ci1osi 21 CMa304HOro MOKPBITHS Ha pe3p0oBOe coenuHeHue 1 s Tpyo
wii natpyokoB. K ycrnosusiM, coOmonaemMbIM [JIs1 HAHECEHUST Ha pe3pOoBoe coenuHeHne 1 ams

TpyO uiam maTpyOKOB M IUIOCKYHO IUIACTUHY, OTHOCSITCS CIEAYIOIIUE YCIIOBHS. PACCTOSIHHE
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MeXy MPeIMETOM /AJil HaHECEHUs MOKPBITHUS U HAKOHEUHUKOM COIUIa, AaBJIEHHUE HaIlbUICHUS,
BA3KOCTb KOMIIO3MLIMM, U CKOPOCTb BpallleHus TMpeAMeTa sl HaHECEHUs IOKPBITHUS.
CooTBeTcTBYIOIIME BS3KOCTh KOMITO3UIIMH, TEMIIEpAaTypa €MKOCTH, MaTpyOka, M COIUIOBOH
T'OJIOBKH JOJDKHBI OBITH COTJIACOBAHBI IS Pe3b00BOr0o coenuueHus 1 misa Tpyd nimm natpyOkoB u
IJIOCKOH MiacTuHbl. Konn4yecTBO KOMITO3ULIMK, HAHOCUMOM 32 €JUHULYY BPEMEHHU, BBIYUCISIOT
M0 Pa3HOCTH MEXy MAacCOM MJIOCKON MIIACTHUHBI O HAHECEHUs] KOMIO3ULIMK U MacCOH IMJIOCKOHN
IJIACTHUHBI TOCJE€ HAaHECeHMs] KoMmo3uuuu. Kommosuuuro cylmaT Ha MJIOCKOW IUIaCTUHE IS
co3gaHus cjost 21 cMa304HOro nokpeITUsA. TONKHY €051 21 CMa304HOrO MOKPBITHSI U3MEPSIIOT,
npuMeHsis TojamuHomep. Maccy cinos 21 ¢Ma304HOro MOKPBITUS BBIYHUCISIOT IO Pa3HOCTU
MEXIYy MacCOM IIJIOCKOM IJIACTHUHBI A0 HAHECEHWsl CJ0osi 21 TMOKPBITHA U MAacCOW IUIOCKOU
IJIACTUHBI MOCNe co3faHus ciaos 21 nmokpeitus. IInoTHOCTH €0 21 CMa304HOrO MOKPBITUS
BBIUUCJSIFOT MO TONIIMHE M Macce c¢jaosg 21 CMa304HOro MOKpPBITHS. 3aTeM, IUIOINajb IJis
CO3JIaHUsI TOKPBITUSI Ha pe3bOOBOM coenuHeHHMH | Ui TpyO WM maTpyOKOB BBIYUCIAIOT HA
ocHOBe (opMBI U pa3MepoB pe3bObl (BHYTPEHHEro IUAMETpPa, TOJIIUHBI CTEHKH, M T.1.).
ITnomanb fAnst CO3MaHMS TOKPBITHS COOTBETCTBYET IUIOIIAAM pPe3bOOBOH IMOBEPXHOCTH C
BBIEMKAMH M BBICTYIIAMH, KOTAA CUUTAIOT, YTO Pe3b0OBasi MOBEPXHOCTb Pa3BEPHYTA B IUIOCKYIO
koHpuryparmo. CpemHO TOMIMHY cinos 21 CMa30uHOrO TMOKPHITHUSL Ha Pe3b0OBOM
coenuHeHnu | g TpyO uiam maTpyOKOB BBIYMCISIOT Ha OCHOBE OTPE3Ka BPEMEHH HaHECEHUsI
KOMITO3MLIMN Ha pe3pboBoe coeauHeHune | mnsg TpyO wiM maTpyOKOB, MIIOINAAM IS CO3AAHUS
MOKPBITHUS U IJIOTHOCTH €J10s1 21 ¢CMa304HOTrO MOKPBITHSL.

[0111] [DTan co3manust CIOS METAJUTMYECKOTO TIOKPBITHS |

Crnoco6 momny4enusi pe3pOoBOro coeauueHust 1 mist Tpy® wim nmatpyOKOB HACTOSIIETO
BapHaHTa OCYIIECTBJIEHHUS] MOXKET COAEP KaThb dTaIl CO3JaHUs CJIOS METAJUIMYECKOTO MOKPBITHS
mepe; 3TaroM BBIMOJHEHUS CJIOS CMAa304HOro MOKpbITUA. CloM MeTanIudeckoro MOKPBITHS
MOJKHO CO3/aBaTh, HalpUMep, MOCPEICTBOM HAHECEHUs 3JIEKTPOJUTHUYECKOrO TMOKPBITHUS WU
yIapHON METaJIU3aLUU.

[0112] [TIpouecc HaHECEHUS SNEKTPOIUTHUECKOTO MOKPBITHS |

IIpouecc  HaHeceHMs  3JIEKTPOJNIUTUUECKOTO  IMOKPBITHSL  SBJSAETCS,  HaIlpUMep,
TEXHOJIOTUYECKUM TPOLIECCOM, B KOTOPOM BBIMOJHSIOT CJIOW METaJNINYeCKOro IOKPBITHS
MOCPEACTBOM HAHECEHMsI BJIEKTPOJIUTUYECKOro MOKphITUA. Clol MEeTanIn4yeckoro MOKPBITHS
SIBJISIETCS, HANpUMep, CJIOeM METaJJIMUYeCKOro MOKphITHA U3 crasa Zn. B Bapuanre
BBIIIOJITHEHUS] U3 CIUIaBa Zn CJIOs METAJUIMYECKOro TMOKPBITUS B Mpollecce HaHECeHUs
3JEKTPOIUTUYECKOTO MOKPBITHS, CIOH METAJUIMYECKOTO MOKPBITHS U3 CIUIaBa Zn MOXKET OBITh
BBITIOJIHEH B MPOLIECCE HAHECEHUs 3JIEKTPOJIUTUYECKOTO MOKPBITHS [0 MEHbIIEeH Mepe Ha OfHOMN
U3 KOHTAKTHBIX IMOBEPXHOCTEH HUMIENS S U My(ThI 8.

[0113] AnbTepHAaTUBHO, B MPOLIECCE HAHECEHUS 3JIEKTPOJUTUYECKOrO MOKPBITHS, CIIOH
METAJUINYECKOTO TOKPBITUS U3 CIUlaBa Zn MOKET ObITh BBINIOJHEH B MMPOLECCE HAHECEHUS
SJEKTPOJIUTUYECKOTO TMOKPBITUSI HA TIOBEPXHOCTb II€POXOBATOCTBIO, BBINOJHEHHYIO IO
MEHbIIEH Mepe Ha OHOHN U3 KOHTAKTHBIX OBEPXHOCTEH HUMNMENs 5 1 MypThI 8.

[0114] B mpouecce HaHECEHHUs SJIEKTPOJIUTHUYECKOTO TOKPBITUS yBEIUYHBAIOTCS
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CTOWKOCTb K TIOBEPXHOCTHOMY TOBPEXKIACHHIO U COIMPOTHUBIEHHE KOPPO3UH pPe3OOBOro
coenuHenust | ans TpyO wiam matpyOkoB. B BapwaHTe BBIMONHEHUS CJIOS METAJUTHYECKOTO
MOKPBITHUA U3 CILJIaBa Zn MNpUMEPHI 3Tala NpouecCa HAHECCHU SJICKTPOJIUTUICCKOrO MMOKPBITHUA
COZIep>KaT TEXHOJOTMYECKUM MpOLECC HAHECEHUs OIHOIO CJIOS METAIJIMYECKOro IMOKPBITH,
KOTOpbIi comepxur Metammmueckyro Cu, Sn wmmm Ni, mporecc HaHECeHHs OIHOIO Clost
METAJUIMUYEeCKOTO TOKPBITUA KOTOpBIM  comepkutr cmiaB  Cu-Sn, mporecc HaHeCeHUus
NBYXCJIONHON MeTtau3auuu, coxepxamieit cmoit Cu u cioit Sn, W mpouecc HaHECeHUs
TPEXCIOWHON MeTayun3aunu, coxepxkamei ciaoir Ni, cioii Cu u cioii m Sn. [ crambHOMU

TpyOBl 2, BBINOJHEHHOW U3 cTany, wumeromed coxepxkanue Cr 5% wmm  Oonblie,

>
IPEANOYTUTENbHBIMI BapUAHTAMMU SIBJISIFOTCSL MeTajuiu3anus cruiasoM Cu-Sn, MeTannusauus B
KOTOPOM HAHOCAT ABa cjosg NokpbiTHA U3 Cu U Sn, U MeTaIM3aLys, B KOTOPOH HAHOCAT TPU
cnost mokpeiTust 13 Ni, Cu 1 Sn. bosnee nmpeanodYTuTeNbHBIMU SBISIFOTCS MPOLIECC METAJUTU3ALINH,
B KOTOPOM HaHOCAT ABa caos u3 Cu u Sn, mpoueccs MeTauIM3alud, B KOTOPOM HAHOCST CJIOH
NOKpbITUs U3 cruaBa Zn-Co, npoueccs MeTalIn3allii, B KOTOPOM HAHOCAT CJION MOKPBITHS U3
cruaBa Cu-Sn-Zn, 1 npolecc MeTaIM3aluy, B KOTOPOM HAHOCST CJION MOKPBITHS U3 CIIIaBa Zn-
Ni.

[0115] Hanecenue »>JIEKTPOJUTUYECKOTO MOKPBITHS MOKHO BBINOJHATH CHOCOOOM
U3BECTHBIM B TexHUKe. Hampumep, roTOBST 3J€KTPOIUTHYECKYH) BaHHY, COAEPIKAIIYH HOHbI
5JIEMEHTOB METAJUIOB, KOTOPbIE IOJDKHBI COIEPXKATbCS B CIUIABE CJIOST METAJUIMYECKOrO
HOKPBITHSA. 3aTeM, 10 MEHbIIEH Mepe OHy W3 KOHTAKTHBIX MOBEPXHOCTEH HUMNMENst 5 U My (oI
8 Morpy»ar0T B JEKTPOJUTHUECKYIO BaHHY. [Ipomyckasi TOk 4yepe3 KOHTaKTHYH MOBEPXHOCTD,
CO3MAIOT CJIOH CIIaBa METAJUTN3aLUH/ METAJITHYECKOTO TIOKPBITHSI HA KOHTAKTHOW MOBEPXHOCTH.
MOXXHO YCTaHOBUTH TMOIXOASINUE YCIOBHS OOpabOTKH, B TOM 4YHCIE, TEMIEPaTypy
3JIEKTPOIUTUIECKON BAaHHBI M IPOIOJIKUTEIBHOCTh O0Pa0OTKH AJISl METAJUTU3ALHH.

[0116] bonee xOHKpeTHO, HampuMep, B BapUAHTE BBIMOJHEHHs CJIOSI METAJJIHYEeCKOrO
nokpbITus U3 crutasa Cu-Sn-Zn, BaHHA JJIs1 METAJUTM3AaLMH COAEPKUT HOHBI METH, NOHBI 0JI0BA U
MOHBbI IIUHKA. KoMIo3uIust BaHHBI JJ1s1 MEeTaJUIM3alUK NIPEANOYTUTENbHO npencTasieHa Cu: 1-
50 r/n, Sn: 1-50 r/n u Zn: 1-50 r/n. YcnoBus HAHECEHHs SJIEKTPOIUTHYECKOTO MOKPBITHS,
Hampumep, craenyrowmue: pH Banebl 11 Meramnusaumu 1-10, Temneparypa BaHHBI IS
merauusanun 60°C, miotHocTs Toka 1-100 A/nm? u Bpemst 06pabotku 0,1-30 MuHyT.

[0117] B BapuaHTe BBINOJHEHHUS CJOS METAUTMYECKOTO TOKPBITHS U3 CrutaBa Zn-Ni,
BAaHHA JJISI METAJUTM3AaLMK/CIIOST METAJUTMYECKOTO TOKPBITHS COIEPKUT HOHBI LIMHKA M HOHBI
HuKess. KoMmosuiwst BaHHBI U1 METAJUTU3ALUN TPEANIOUTHTENbHO copepxut Zn: 1-100 r/n u
Ni: 1-50 r/n. ycioBusi HAHECEHHS SJIEKTPOJUTHUECKOTO TOKPBITHS, HAapuMep, cienyromue: pH
BaHHBI s MeTajuinzauuu 1-10, Temnepatypa BaHHbI Ay MeTaiuiu3aiuu 60°C, mIOTHOCTh TOKa
1-100 A/nm? u Bpemst obpadotku 0,1-30 MUHYT.

[0118] [[Ipouecc ynapHOI MeTaJTU3ALNH |

TexHomornueckuil Npouecc yAapHOW METAIN3ALUU SBJSIETCSl MPOLIECCOM, B KOTOPOM
MO>KHO BBITIOJIHSITh MEXaHUYECKYIO METAJUIN3ALUIO, I71€ YaCTUIIAM O0ECTIeYNBAIOT CTOJIKHOBEHUE

C MarepuajoM, MNOMAJNCKAIIUM METAJUIM3allUd BHYTPU BpaAllarOIICrocsa 6apa6aHa, Wi
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METaTENbHYI0 METAJUIM3ALUI0, 7€ 4YacTULaM OOECTIeUMBAIOT CTOJKHOBEHHE C MAaTEepPHAJIOM,
MOJUJIeKALTUM MeTaJUTU3aluY, IPUMEHsIsl CTPyHHOE yCTPOICTBO.

[0119] B crocobe monydenusi pe3pOoBoro coeamueHust 1 st TpyO wiam matpyOKoB
HACTOSIIEr0 BapUAaHTA OCYLIECTBICHHUS MOJKHO BBINOJHATH CTPYHHYIO 00paboTKy wiu
TpaBJieHHE IMOBEPXHOCTH, KOTOpas BCTYNAeT B KOHTAKT C cjoeM 21 CMa304YHOro MOKPBITHSIL
[ITepoxoBaTOCTH MOBEPXHOCTH MOKHO CO371aBaTh CTPYHHON 00paOOTKON MITH TPABICHUEM.

[0120] [Crpyiinas ObpaboTka]

Crpyiinas oOpaboTka siBisieTcsi, Hampumep, O0OpaOOTKOH, B KOTOPOH YacTUIAM
00eCreunBar0T CTOJKHOBEHNE C MAaTEPHAIIOM MOJIEKAIIIM METAIIH3AMY, IPUMEHSISI CTpyHHOe
ycrpoiictBo. CtpyiHOM 00paboTKOl sBisAeTCs, HampuMep, MeCcKOoCTpyiiHas obOpaboTka.
ITeckoctpyiinass oOpabOorka sBisgercss 00paOOTKONH, B KOTOPOM CTPYHHBIH Marepual
(aOpa3uBHBII) CMEIINBAIOT C CKATHIM BO3YXOM, U CMECh MOAAIOT HA KOHTAKTHYIO ITOBEPXHOCTb.
IIpumeprl CTpyHHOro Marepuana cojepXkaT MaTepuan B Buae cpepuueckoil apodu u
HeoKaTaHHOro rpasusi. [leckocTpyiiHasi oOpaOoTka yBEIMYMBAET MIEPOXOBATOCTb KOHTAKTHOM
noBepxHocTu. IleckocTpyliHyo 00paboTKy MOXKHO MPOBOAMUTH CIIOCOOOM U3BECTHBIM B TEXHHUKE.
Hanpumep, BO3AyxX CKUMAarOT KOMIIPECCOPOM, M CTPYHMHBI MaTepuasl CMEUIMBAIOT C CXKAThIM
Bo3ayxoM. CTpyiiHbIll MaTepuan MOXHO M3rOTaBIMBATh, HAIIPUMED, U3 HEPKaBerOIleH CTaH,
ANIOMHUHMS, KEPAMHMKH WIH OKCHIA alIOMUHHUA. MOXHO yCTaHABIMBATb HYXXHbBIE YCIIOBHUS
NeCKOCTPYHHOM 00paboTKH, TaKHe KaK CKOPOCTh MOJAuH.

[0121] [Ob6paboTka TpaBieHHEM |

OO6paboTka TpaBieHHEM SBJISIETCSI 00pabOTKOM, B KOTOPOW KOHTAKTHYIO MOBEPXHOCTH
MOTPYKAIOT B PACTBOP CHJIBHOM KUCJIOTHI U MPUAIOT €l IIepOXOBAaTOCTh B PACTBOPE, HAIIPUMED,
CEpHOW KHUCJIOTBI, COJISTHOM KHMCJIOTBI, a30THOW KHUCJIOTHI HJIH (PTOPUCTOBOAOPOIHON KHCJIOTHL
VYkazanHasi 0o0paloTka yBEIMYHBAET LIEPOXOBATOCTh KOHTAKTHOH mnoBepxHOcTH. OOpaboTrka
TPaBJIEHUEM SIBJISIETCS, HAPUMEP, XMMUYE€CKOH KOHBEPCUOHHOM 00pabOTKOM.

[0122] [9Tan XuMU4eCKOM KOHBEPCHOHHOM 00paboTKH |

Crnoco6 monyvenusi pe3pOoBOro coeauHeHust | st Tpy® mim matpyOKOB HACTOSIIErO
BapHaHTa OCYLIECTBJIEHUS MOXKET TaKXe CofepxaTb OSTall XHUMHUYECKOH KOHBEPCHOHHOM
00paboTKM Tepen 3TaroM CO3JaHMS CJIOSi CMa3O4YHOrO MOKpbITHA. Ha sTame Xumudeckoi
KOHBEPCHOHHOH 00pabOTKH, MPOBOAST XUMHUUECKYI0O KOHBEPCHOHHYIO 00pabOTKy ISt CO3MaHUs
nox cijoeM 21 CMa304HOrO TMOKPBITHA XHUMHYECKOTO KOHBEPCHOHHOIO TMOKPBITHS C
MOBEPXHOCTBIO, KOTOpasi KOHTAKTUPYET €O clioeM 21 cMa304HOro NOKPBITHS.

[0123] Xummnueckas KOHBepCHOHHasi oOpaboTka sBisieTCss OOpabOTKOW, B KOTOPOU
CO3/1aeTcs IMOPUCTOE IOKPbITHE XUMHUYECKOW KOHBEPCUM C BBICOKOH ILEPOXOBATOCTHIO
NOBEPXHOCTU. IIpuMepbl XMMHYECKOH KOHBEPCHOHHOH OOpalOTKM COmepikKaT XHMHUYECKYIO
KOHBepcHiO (ochaTUPOBAHUS, XUMHUYECKYI) KOHBEPCHIO OKCAJlaTUPOBAaHUST U OOpPaTHYIO
XUMUYECKYI0 KoHBepcuto. [lo axare3umBHbIM cBOMcTBaM cjoss 21 CMa304HOrO MOKPBITHUS
NPEATIOUYTUTENIbHOW  SIBIISIETCS.  XMMHYecKass KoHBepcus ¢ochatupoBanuss. XuMHUECKas
KOHBepcHs pocaTupoBaHus SBIAETCS, HANPUMED, XUMUYECKON KOHBepcuel (ocdarnposanus

¢ mpumenerueM (ocdara mapranua, ¢ocdara nuHka, dpocdarta dpeppomapranmna wim (ocdara
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KaJIbLIMsA-L[ITHKA.

[0124] Xwumudeckyro KOHBepcHIO (pocdaTHpoBaHUS MOMKHO BBINOJHATH CIIOCOOOM
U3BECTHBIM B TEXHHKe. PacTBoOp st 00pabOTKH MOXKET MPEeACTaBIATh COO0H OOBIMHBINA KHCITBIN
pacTBOp Uil XUMHYECKOW KOHBepCcHUH (ochaTUPOBaHUSA Ui METAIM3HUPYEMbIX LUHKOM
m3nenuii. IIpumepom  pacTBOpa SBISIETCS  PacTBOp Ul XUMHYECKOW  KOHBEPCHHU
docdarupoBanus muHKa, conepskammii 1-150 r/n dpocdar-nonos, 3-70 r/n noHos umuka, 1-100
r/n Hutpat-uoHoB U 0-30 r/n noHOB Hukena. Takke MOXHO NHPUMEHSTb PACTBOPHI IS
XUMHYECKOW KOHBepcuu (ocdaTupoBaHus MapraHua, KOTOpPble OOBMMHO NPUMEHSIOT IS
pe3pboBoro coenuHenust 1 nist Tpyd nim matpyOkoB. Temmepatypa pacTBOpa UMEET AHAaIa3oH,
Harnpumep OT KOMHaTHOH Temnepatypsl 10 100°C. Bpemsi oOpaboTKku MOXKHO yCTaHABJIHMBATH B
3aBHCUMOCTH OT TpeOyeMOH TOJIIUHBI IMOKPBITHA U, HAPUMEP, BPEMsI MOXKET COCTaBJIATH 15
MUHYT. i COmEWCTBUS CO3MAHUI0 XHMHYECKOTO KOHBEPCHOHHOTO TMOKPBITHS MOXKHO
BBIMOJIHUTh MOAM(DUKALMIO TOBEPXHOCTU JO XHUMHUYECKOH KOHBepcuu ¢ochaTupoBaHUs.
Monudukaiusi TOBEPXHOCTH OTHOCUTCS K 00paboTke, comepskaiieil morpykeHue B BOAHBIN
pactBop ans MoAMGUKALMM TOBEPXHOCTH, COIEpIKAIIMH KOJUIOMAHBIN THTaH. [locrne
XHUMHUYECKOH KOHBepcHH (HochaTHPOBAHMSL, IPEATNIOUTHTENIBHO, BBITOIHSIOT IPOMBIBAHHE BOJOH
WM ropsideil BOAOH nepes CyLIKOM.

[0125] Ilepen co3maHueM CJOsI CMAa304YHOTO ITOKPBITHs, OMHCAHHOTO BBILIE, MOXHO
BBINIOJHUTH 0OPaOOTKY TOJBKO OJHOTO THIA WIJIM MOXKHO BBINIOJIHUTH MHOXKECTBO 00paOOTOK B
KOMOMHALIH.

[0126] Tlepen co3maHueM CJIOS CMa304YHOTO MOKPBITHS OOpaOOTKH, BBITIOJHSEMBIE IS
HUMnes st 5 1 My@Thl 8 MOTyT OBITh OTMHAKOBBIMU, HIIH 0OpaOOTKH, BBINOIHIEMbIE ISl HUTITIEIS
5 1 My} ThI 8 MOTYT OBITh OTJIMHYAOIIMMUCS.

MNPUMEP

[0127] Hwxke omnucan mnpumep Hacrosimero wuszobperenusi. Crenyer OTMETUTb, YTO
HacTosiee W300peTeHHe He OrpaHUYeHO NpPUMEpOoM. B mpumepe KOHTAKTHAas MOBEPXHOCThb
HUMIEST UMEHYETCS TIOBEPXHOCTHIO HUMMENS, U KOHTAKTHASl MMOBEPXHOCTh MY(ThI MMEHYETCs
NOBEPXHOCThIO My(Thl. EC HE OroBOpeHO MHOE, MPOLEHT B MPUMEPe O3HAYAET MacCOBBIN
MPOIICHT.

[0128] B nHacrosimem npumepe mpumeneHo VAM21 (3apeructpupoBaHHast TOProBas
mapka), msrorosieHHoe NIPPON STEEL & SUMITOMO METAL CORPORATION. VAM21
(3aperucTpupoBaHHAsI TOProBas Mapka) sIBISIETCS PE3bOOBBIM COEIUHEHUEM JUIsl TPyO WU
narpyOKOB, UMEIOIUX HAPYKHbIH auamerp 177,80 mm (7 mroiiMOB) U cTeHKY ToamuHON 11,506
MM (0,453 mrotimoB). Ctasip MMena Mapky YTrJIepOOUCTOH cTanu. YTJIEPOAHCTas CTajlb UMeENa
coctas, C: 0,24%, Si: 0,23%, Mn: 0,7%, P: 0,02%, S: 0,01%, Cu: 0,04%, Ni: 0,05%, Cr: 0,95%,
Mo: 0,15%, u octansHoe: Fe u npumecu.

[0129] Ha moBepXHOCTH HHUMIENS U MOBEPXHOCTH My(TbI BBIMOJHWIN O00pabOTKy A
MOATOTOBKH TIOBEPXHOCTH COOTBETCTBYIOIIMX HCIBITATENIBHBIX HOMEPOB, KaK IIOKa3aHO B
tabmmue 1. Iudpsr B crondbue "oOpaboTka misi MOATOTOBKH MOBEpXHOCTH' B Tabmuie 1

MOKa3bIBAIOT MOPSIOK BBIMOJHEHUs] 00pabOTKU ANl MOATOTOBKU MoBepxHOCTH. Hampumep, B
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ciyuae "1. HucroBoe numdosanue, 2. Pocdar HuHKA", BBITOJHIIA YUCTOBOE HITH(OBAHUE, U
3aTeM BBINOJHIIN XHUMHYECKYI0 KOHBepcHI0 (ocharupoBanus IUHKA. B meckocTpyiHOM
nporecce nMpuMeHsun abpa3uBHOE 3epHO ¢ KPymHOCTRIO 100 Mem u co3maiu IMepoXOoBaTOCTh
MOBEPXHOCTU. ApudmMeTnueckas CpenHss MepoXoBaTOCTh Ra Ui MCTIBITAHUS KKIOro HOMEpa
uMeNa BeJIMYMHY, MTOKa3aHHY B Tabnune 1. ApupMeTHuecKy CPEeIHIOK MEepOXOBaTOCTh Ra
u3Mepsu Ha ocHose JIS B 0601 (2013). U3mepenne apudMeTHuecKoi cpeaHel mepoxoBaToCTH
Ra BbIMONHANM, NTPUMEHSIST MUKPOCKOII ¢O cKaHupyromuM 30HA0M (SPI 3800N, n3roroBneHHbIH
SII NanoTechnology Inc.). YcnoBusimu u3MepeHUl SIBJISJIOCH KOJHMYECTBO TOJYYEHHBIX H
obucrpaBHasi paboTaHHBIX TO4YeK AaHHbIX 1024 X 1024 B 30HaX BBIOOPKH 2 MKM X 2 MKM, Kak
OJIOKOB TMOJy4E€HHBIX U OOMCIpaBHasi paOOTAaHHBIX AaHHBIX. TONIIMHY MOKPBITUS U3 CIUIaBa Zn-
Ni u3Mepsiiu BBIIEY TOMSHY THIM CIIOCOOOM M3MEPEHHSI.
[0130] [TaGuwma 1]

HUTIIIIEIb myra
N obpabotka apudmernyeckas obpabotka apudmernyeckast
o
i HOATOTOBKU cpenHss HIOATOTOBKHU CpenHsist
UCTIBITAaHU
MOBEPXHOCTH | HIEPOXOBATOCTh TIOBEPXHOCTH IIEPOXOBATOCTh
? Ra (Mkm) Ra (Mxm)
. 1. yucroBas 0,3 1. aucroBas 0,3
g oBka g oBka
1. yucroBas 0,3 1. aucroBas 0,3
) g oBka g oBka
2.¢ocdar 1,0 2.¢ocdar 1,2
LIMHKA Maprasua
1. gucroBas 0,3 1 .qucroBas 0,3
; g oBka g oBka
2.¢ocdar 1,0 2.¢ocdar 1,2
L[ITHKA Maprasua
1. gucroBas 0,3 1 .aucroBas 0,3
A g oBka mdoBka
2.¢ocdar 1,0 2.¢ocdar 1,2
L[IHKA Maprasua
1.aucroBas 0,3 1. qucroBas 0,3
g oBka g oBKa
5 2.¢docdar 1,0 2. wmerammmsanus | 0,5
LIUHKA Zn-Ni
(crmoit  ToNMMMHOMN
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8,0 MKM)
1.uucroBas 0,3 1.uucroBa 0,3
g oBka g oBka
2. 1,8 2. neckocrpyiHas | 1,8
° NECKOCTpYiHA obpaboTka
s
obOpaboTka
1.uucroBas 0,3 1 .uucroBas 0,3
g oBka mgoBka
2. 1,8 2. neckocrpyiHasa | 1,8
’ NECKOCTpYiHa oOpaboTka
s
obpaboTka
1. yucroBas 0,3 1. aucroBas 0,3
g oBKa M OBKa
° 2.¢octar 1,0 2.¢ocdar 1,2
LIITHKA MapraHia
1. yucroBas 0,3 1. aucroBas 0,3
g oBka g oBka
’ 2.¢ocdar 1,0 2.¢ocdar 1,3
LIUHKA Maprasua
1. gucroBas 0,3 1 .qucroBas 0,3
g oBka g oBka
10 2.¢ocdar 1,0 2.¢ocdar 1,3
LIUHKA Maprasua

[0131] 3arem co3pmanu cilIOM CMAa304YHOTO TOKPBITHS, MPUMEHHB COOTBETCTBYIOIINE
KOMITO3UIIH, MMEIOIIHEe XUMHYECKHEe KOMITO3UIIMH, MOKa3aHHble B TaOnuue 2, W HUNNENIb U
My(Ty MOATOTOBMIIM JIsl UCIIBITAHUS Kakaoro Homepa. ConeprkaHue O MacCOBOMY TPOLICHTY,
B35ITOMY OT CYMMAapHOIO KOJIMYECTBA HENETYyYHX KOMIIOHEHTOB KOMIIO3MILIUM, IMOKAa3aHO B
ckoOkax B KojioHke s "HeneTyunx KOMITO3WIIMN KOMIIOHEHTOB KoMmo3uuuu' B Tabniuue 2.
IIponykr ¢ HanmeHoBarueM npoaykra "Green F3" usroronennsiii Nippon Chemical Industrial
Co., Ltd. nmpumensiiu B kaudectBe Cr,O;. Ca-creapar wusrorosnenssii DIC Corporation
NPUMEHSUTH B KadeCcTBE MeTajutnueckoro mbuia. [lapaduHOBBI BOCK, M3roToBNEeHHBIH Nippon
Seiro Co., Ltd. mpumeHsim B KadecTBe BOCKa. B KauecTBe OCHOBHOH CONM MeTajuia |
apoOMaTUYEeCKOH OpraHn4eckoi KucioTel, npuMens Calcinate (3aperucTpupoBaHHAs TOProBast

mapka) C400CLR (menounoe uncno: 400 mr KOH/r) m3roroBnennsiii Chemtura Corporation,
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kak ocHoBHOH Ca cynbpdonaT. B BapnanTe npumeHeHus rpadura, Kak MopomKkoodpa3HO CMa3KH,
npuMeHsun rpaduroselii nopomok "Blue P" (pupmennoe nanmenoBanue) (comepikaHue 30JIbL:
3,79%, xpuctananuHOCTh. 96,9%, cpenHuil pa3Mep 4acTULBL. 7 MKM), U3TOTOBJIEHHbIH Nippon
Graphite Industries, Ltd. B Bapuanre mpumenenuss PTFE, kak mopomkooOpa3sHOW CMa3kH,
npuMmensin  Lubron (3apeructpupoBannast toproBasi mapka) L-SF, wmsrorosnennbnii Daikin
Industries, Ltd. Kak neryumii opraHudeckuil pacTBOPUTENb, NPUMEHSIIH PACTBOPUTENH C
Ha3BaHHeM nponykra Exxsol (3apermcrpupoBanHast ToproBas Mapka) D40 M3rotoBieHHBIH
ExxonMobil Chemical Company. Otmeuaercs, uro B MicnblTanuu 8 mpuMeHsTH KOMIIAy HAHbIE
KOHCHUCTEHTHbIE CMa3kH, co3naHHble no cranaapty APl BUL 5A2 Bmecto xomMmosuuuu Ajis
dbopMHUpOBaHMS CJIOSI CMa30YHOTO MOKPBITHSA. XOTSI KOMIAyHIHbIE KOHCHCTEHTHBIE CMAa3Ku
COZIep KAl TsDKENble MeTaJulbl, TaKHe KaK CBUHEI U SIBJIAJIHNCH BPEOHBIMU JUIs YEJOBEKa U
OKpY Karollel cpenibl, UX CMa304yHasi CIOCOOHOCTh MPEATIOYTUTENIbHA, U TOATOMY KOMITAyH/IHbIE
KOHCUCTEHTHbIE CMAa3K{ TPUMEHSIM, KaKk OCHOBY JJIsi OLEHKH HCIPaBHOW paboToil mnpu
YCKOPEHHUU POCTA KPYTSALIEr0O MOMEHTA, OTIMCAHHOTO HUXKE.
[0132] [Tabauua 2]

COCTaB HemneTy4ynMx KOMMNOHEHTOB KOMMNO3ULMK (YMCHO B CkoOKax faet
% no macce) .
OpraHU4Yeckuin
pacTBopuUTErnb
OCHOBHas
(ha 100
Ne mMeTannmyeck . cnoco6
yacren
UCNbITaHUA MeTannuyecko asi conb nopoLLKoo6 HaHeceHus
obuero kon-
Cry0s e BOCK apomMaTuyeck pasHas
B Ba HEMeTy4unx
MbISIO ot cMaska
. KOMIMOHEHTOB)
OpraHu4ecKomn
KUCTOThI
HanbINeHu
c Mapadu OCHOBHOW e npu
a-
HOBbIIA Ca- . HopMansH
1 Q) creapar HeT 30 vacreit B
(19) BOCK cynboHar on
(20) (60) Temnepary
pe
HanbINeHu
c Mapadu OCHOBHOW e npu
a-
HOBbI Ca- . HopMansH
2 (5) creapar HeT 30 vacreit .
(10) BOCK cynbgoHar on
(15) (70) Temnepary
pe
HanbINeHu
c Mapadu OCHOBHOW e npu
a-
HOBbIN Ca- ~ HOpManbH
3 (10) creapar HeT 30 vacreit .
(15) BOCK cynbgoHar on
(10) (65) Temnepary
pe
4 (20) Ca- Mapadu OCHOBHOW HeT 30 vacreit HanbINeHU
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creapar HOBbIN Ca- e npu
4) BOCK cynbgoHar HOpMAarkbH
(5) (71) on
Temnepary
pe
Mapadu .
OCHOBHOIA HanbINeHu
Ca-creapart HOBbIN rpadut
5 (15) Ca- HeT ec
(7 BOCK (3)
deHar (48) HarpeBsoMm
(15)
HanbINeHu
e Mapadu OCHOBHOW e npu
a-
HOBbIN Ca- PTFE HOpMarbH
6 (10) creapar 30 vacrei .
(10) BOCK canuuunart (10) on
(10) 60) TeMmnepary
pe
HanbIneHu
c Mapadu OCHOBHOWA e npu
a-
HOBbIA Ca- PTFE . HOpMaribH
7 (25) cTeapar 30 vacren .
(10) BOCK canuyunar (10) on
(10) (45) Temnepary
pe
8 KOMMayHaHas KOHCUCTEHTHas cmaska no craHgapty APl BUL 5A2 KUCTbIO
HanbINeHu
Mapadu OCHOBHOW e npu
Ca-creapar HOBbIN Ca- HOpMAanbH
9 HeT HeT 30 vacten
(15) BOCK cynboHar on
(10) (75) Temnepary
pe
HanbIneHu
Mapadu OCHOBHOW e npu
CaF, Ca-creapar HOBbIN Ca- PTFE HOpMAankH
10 30 vacten
(10) (10) BOCK cynbgoHar (10) on
(10) (60) Temnepary
pe

[0133] [UcnbiTanue 1]

B HcnbiTanuu 1 BBIMOJHWIM YHUCTOBOE CTAHOYHOE NLIU(OBAHHE HA TMOBEPXHOCTH

HUMIENST ¥ TOBEPXHOCTU My(ThI. 3aTeM HAHECIH KOMITO3ULIMIO JIJIsl CO3JIAHUSI CJIOSI CMa304HOTO

MOKPBITHUA Ha MNMOBCPXHOCTb HUIMIICIIA U TMOBCPXHOCTH My(I)TbI NOCpPEACTBOM HAIIBUICHHSA TIPU

HOpMalibHOH Temmeparype (mpubmmsurensHo 20°C) npns co3gaHus  CIOEB  CMa304HOTO

TMMOKPBITHA. B ornomenun TOJIIIWHBI TIOKPBITHUSA, BBIYHUCIIMIIKM LEJICBYHO CPEAHIOKO TOJIIUHY

MOKPBITHsL, TPUMEHSIT MAaCCy U YAENbHYIO IUIOTHOCTh KOMITO3HMLMH, MOMJIEKALIEH HAHECEHUIO,

OTHCCCHHYIO K CAWHHLEC IJIoaaiu W €AWHUIE BPEMEHU HAa OCHOBE 3aJaHHOI'O0 JaBJICHUA

HalbUJICHUA U PACCTOAHUA OO Ha3HAYE€HHON MOBEPXHOCTHU, U HAHCCCHUE BLITNOJIHUIIN, CO3aBasd
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ToJMHY B quana3zose 120-150 mxm.

[0134] [Ucnbiranue Ne 2 - Mcribiranune Ne 4]

B Hcnprranuu Ne 2 - Micnibitanuu Ne 4 BBINOJTHSUTA YUCTOBOE CTAHOUHOE HITH(OBaHME HA
MOBEPXHOCTH HUMIENS U MOBEPXHOCTU My(Thl. [IOBEpXHOCTh HUMIENS MOTPY’KaIH B PacTBOP
IUTL XUMUYECKOH KoHBepcHH (ocdatupoanus nuHka npu 75-85°C na 10 MuHYT 101 cO30aHUsA
NOKpBITHS U3 pocdaTta nuHKa, nMeroLiero ToamuHy 10 mxMm. [ToBepXHOCTH My THI IOTpY Ky B
pacTBOp IJIsl XMMUYECKOH KoHBepcuH ¢ocharupoBanus mapranua mnpu 80-95°C Ha 10 MuHyT
IUTSE CO3JaHusi TOKphITHS u3 ¢ocdara Mapranua, UMEOMIEro TOMMUHY 12 MiM. 3atem
KOMITO3ULIMIO JJIs1 CO3AaHUs CJIOSI CMA304YHOIO MOKPBITHS HAHOCUIIM HAa OBEPXHOCTb HUIIIENS U
NOBEPXHOCTh ~ My(Tbl  NOCPEACTBOM  HANbUIEHUs TNPH  HOPMAJIbHOW  TeMIeparype
(mpubnmsurensHo 20°C) 17151 CO3AAHUS CIIOEB CMAa30YHOIO MOKPBITHS. B OTHOIIEHNM TOJIIUHBI
MOKPBITHS], BBIYUCIIAIN LEJIEBYIO CPEAHIOK TONLIUHY MOKPBITUS, IPUMEHSS MAcCy U yAEIbHYIO
IUIOTHOCTb KOMIIO3MLMM, TMOJJIEKAIlel HAaHECEeHWIO, OTHECEHHYI K €JUHHULE IUIOUAaaAu U
€AMHULIE BPEMEHU HAa OCHOBE 3a/laHHOTO JIaBJICHUs HANbUICHUsS U PACCTOSHUS 10 Ha3HAYEHHOMN
MOBEPXHOCTH, U HAHECEHHUE BBIMIOJIHSIIN, CO3/1aBasi TONUHY B Anana3zoHe 120-150 Mxm.

[0135] [Mcnbrranmne Ne 5]

B Hcnbitanuun Ne 5 BBIMOJSHSUIA YHCTOBOE CTAHOYHOE IIIM(OBAHHE HAa TMOBEPXHOCTH
Hunnensd. IIoBepXHOCTP HumNmNens MNOrpy»ajld B pPacTBOP Al XUMHYECKOW KOHBEPCUU
docdarupoBanus uHkKa npu 75-85°C Ha 10 MUHYT Aust co31aHus MOKPBITHA U3 pocdara nuHKa,
umeromero tonuuHy 10 MxM. 3ateM, cO3aBajd HAa HEM CJIOM CMAa304HOrO MOKPBITUS
MOCPECTBOM HAHECEHUs] KOMIO3ULMH Ui (POPMUPOBAHUS CJIOS CMA30YHOTO TMOKPBITHS Ha
nokpeiTie u3 (Qocdara LMHKA TOCPEACTBOM HAIBUICHHUS MPH HOPMAJIBHOW TeMIeparype
(mpubnmsurensHo 20°C). B OTHOWIEHUH TONIIMHBI TOKPBITHS, BBIYHCISUIA LIETEBYIO CPEIHIOO
TOJILIUHY TOKPBITUSA, MPUMEHsSI MacCy U YAENbHYIO IUIOTHOCTb KOMITO3UIMH, MOAJIekKalnen
HAHECEHMIO, OTHECEHHYIO0 K €IMHHUIE IUIOIAAud U €IMHULIE BPEMEHH Ha OCHOBE 3a/laHHOTO
JaBJICHUs HANbUICHUS U PACCTOSHUS 10 HA3HAYEHHOW MOBEPXHOCTH, U HAHECEHUE BbIMOIHSIIY,
coznaBas TOAMMHY B Auana3zoHe 120-150 mxm.

[0136] BrInonHsIM YUCTOBOE CTAHOYHOE HUTH(OBAHUE HA MOBEPXHOCTU My(ThL. 3aTeM
BBIMOJIHSUTM  METAJUTM3ALMI0 CIUIAaBOM Zn-Ni TOCPEICTBOM HAHECEHHs 3JIEKTPOJHTUYECKOTO
MOKPBITUSL JUISl CO3JAHMS CJIOS METAJUIMYEeCKOTO TMOKPBITUS CIUTaBOM Zn-Ni Ha MOBEPXHOCTH
mydTer. st mMetamumzaumu  crutaBoM  Zn-Ni npumensiin BaHHY DAIN  Zinalloy N-PL
(pupmennoe HammeHoBaHHe), m3rotoBieHHyr0 Daiwa Fine Chemicals Co., Ltd. Hanecenue
SIEKTPOJIUTUYECKOTO TMOKPBITUS BBINOJHANN B ychaoBusx pH BanHBI nns Mmeramuuzauuu 6.5,
TeMITepaTypbl BaHHBI isi MeTayutu3auun 25°C, mioTHocTH ToKa 2 A/nM?, u BpemeHn 00paboTKu
18 munyT. CJI0H METAUIMYECKOTrO MOKPBITHS CIUIaBOM Zn-Ni UMes KOMIo3uuuio u3 Zn: 85% u
Ni: 15%. Crnoli cMa304HOTO TOKPBITHS BBINOJNHUIN HAa HEM IOCPEICTBOM HAHECEHHS
KOMITO3ULIUN 17151 (POPMHPOBAHUS CJIOSI CMA304YHOTO TOKPBITHUSI C TOPSYMM HAIbUICHHEM
(mpubnmsurensHO npu 110°C) MenyieHHBIM OXJIAKACHUEM. B OTHOIIEHNH TOJIIUHBI TOKPITHS,
BBIUNCJISUIN LIEJIEBYIO CPEIHION0 TOJILIUHY MOKPBITHS, MPUMEHSS MacCy U yAENbHYIO TIOTHOCTh

KOMITO3MLINH, HOI[HG}KaLLIeﬁ HAaHECCHUIO, OTHECCHHYIO K €AUHUILIC TJIOMAaAN U €ANHUIC BPEMCHU
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Ha OCHOBE 3aJJaHHOTO JABJICHUs HANbUICHUS U PACCTOSHMs [0 HA3HAYEHHOW IMOBEPXHOCTH, U
HAHECEHHUE BBIMOIHIN, CO37]aBast TONIKMHY B quanasoHe 120-150 mxm.

[0137] [Ucnbitanue Ne 6 u Ucnbitanue Ne 7|

B Ucnbitannu Ne 6 u Ucnibrranuu Ne 7, BBITIONHSUTH YHCTOBOE CTAHOYHOE HUTH(OBAHUE
Ha TIOBEPXHOCTHM HHUNINENS W MOBEPXHOCTH My(QThL. 3areM, NpUAATN MIEPOXOBATOCTh a
MOBEPXHOCTH HHUIINENS U TOBEPXHOCTH My(Thl B CTPyHHOM mporecce. Komnozuumio ams
CO3JaHUs CJIOS] CMAa304HOIO MOKPBITHSI HAHECIU 3aTEM Ha MOBEPXHOCTh HUMMENA U MOBEPXHOCTh
My(ThI TOCPEACTBOM HAIBUICHUS] TIPH HOpMaJIbHOU Temriepatype (npudmusurenbao 20°C) mms
CO3/1aHMsl CJIOEB CMA304YHOTO MOKpPHITUS. B OTHOLIEHWM TOJIMMHBI HOKPBITHS, BBIYUCIAIN
LEJIEBYK) CPENHIO TOJNIUMHY TOKPBITHUs, MPUMEHsAs MacCy U YIEIbHYK IIJIOTHOCTb
KOMITO3ULIUH, MOAJIEXKALIEH HAHECEHUIO, OTHECEHHYIO K €JUHHULIE TUIOLAAN U €IUHULIE BPEMEHU
Ha OCHOBE 3aJJaHHOIO JaBJICHUS HAINbUICHUS U PACCTOSHMs 10 HA3HAYEHHOW ITOBEPXHOCTH, U
HAHECEHUE BBITIOIHIN, CO3/1aBast TOMKHY B quanasone 120-150 mxm.

[0138] [UcnbiTanue Ne 8]

B Hcnbiranune Ne 8, BBINOJHSUIA YMCTOBOE CTAHOYHOE HLIM(OBAHME HA TOBEPXHOCTH
HUNIENs W MOBEPXHOCTH My(Thl. I[lOBEpXHOCTHP HMIMENs] MOTPYXKaJId B PAcTBOpP I
XHUMHUYeCKOW koHBepcuu (ocatupoBanust nuHka npu 75-85°C Ha 10 MuHYT Anst co3maHus
noKpbITHA U3 pocdara nuHKa, nmeromero ToaumHy 10 MxM. IToBepXHOCTE My THI TOTpysKaNy B
pacTBOp AL XUMH4YECKOH KOHBepcuH ¢ocdarupoBanus Mapranna npu 80-95°C wa 10 MuHyT
1T CO37aHMs TIOKPBITHS U3 ocdaTa Mapranua UMerIero Toamunay 12 Mxm. 3atem, TpyOHYIO
cMa3ky mo ctaHgaptam APl HaHOCHJIM Ha TMOBEPXHOCTh HUMIENS U TOBEPXHOCTb My(ThI C
MOMOIIBIO KUCTH. TepMuH "TpyOHas cmaska ro cranaaptam API" oTHOCUTCS K KOMIayHIHOMH
KOHCUCTEHTHOW  CMa3ke sl pe3b0OBOrO  COeOUHEHMs Ui TPYOHBIX — M3JeNuid
He(pTENPOMBICIIOBOTO  COPTAMEHTa, W3rOTOBJeHHOro mo crangapram APl BUL 5SA2.
OnpeneseHo, YTO KOMIO3UIMS TPyOHOW cMasku 1o craHgapram APl wucnonssyer
KOHCUCTEHTHYIO) CMa3Ky, KaK OCHOBHOW MaTepuaj, M COAEPKUT TpadHUTOBBIA MOPOIIOK:
18+1,0%, cBunOBBIN nopowmok: 30,5+0.6%, u menubie ¢uokensl: 3,3+0.3%. OTmeuaem, 4TO B
JMana30He JAaHHBIX KOMIIOHEHTOB, KaK W3BECTHO, KOMIIayHAHbIE KOHCHUCTEHTHbIE CMa3Ku AJis
pe3pOOBOro coemuHeHHs Uil TPYOHBIX H3AENUi He(TEenpOMBICIOBOTO COPTAMEHTAa HMEIOT
SKBHUBAJICHTHBIE MTOKA3aTEJIHN UCIIPABHON PaOOTHI.

[0139] [UcnbiTanue Ne 9]

B Hcnbitanuu Ne O, BBIMIONHSUIM YUCTOBOE CTAaHOYHOE HUTM(OBAHME HA MOBEPXHOCTHU
HUMIMETST W TOBEPXHOCTH My(Thl. I[IOBEPXHOCTh HHINIENS MOTPYXKAJH B pPaCTBOP IS
XUMHYECKOW KoHBepcuu (ocdatupoBanuss umHka npu 75-85°C nHa 10 MMHYT IJIsl CO3IAHMS
NOKpBITHS U3 ocdaTta nuHKa, HMeroero Tommuny 10 mxm. [ToBepXHOCTE My THI OTPYIKaIU B
pacTBOp IJIsl XUMUYECKOH KoHBepcuH ¢ocharupoBanus mapranua npu 80-95°C Ha 10 MuHyT
I co3MaHMs TOKphITHUS M3 (ocdara MapraHia, uUMeOmero TommuHy 12 MkM. 3artem,
KOMITO3ULIMIO JJIs1 CO3/1aHUsl CJIOSI CMA304YHOIO MOKPBITHS HAHOCHIJIM Ha OBEPXHOCThH HUIIIIENS U
MOBEPXHOCTh ~ My(TBI  NMOCPEACTBOM  HANbUIEHWs TpPH  HOPMAJIbHOW  TeMIeparype

(mpubnmsurensHo 20°C) ni1s1 CO3AAHUS CIIOEB CMAa30YHOTO TMOKPBITHS. B OTHOIIEHHH TOJIIUHBI
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MOKPBITHs, BBIYUCIISUIN LIEJIEBYIO CPEAHIOI0 TOJIILMMHY MOKPBITHsL, NPUMEHS MAacCy U YIEIbHYHO
IJIOTHOCTh KOMITO3MLIMM, MOAJIEKALIEH HAHECEHUIO, OTHECEHHYIO K €AUHHULE IUIOIAnu U
€AUHULIE BPEMEHH Ha OCHOBE 3aJJaHHOIO JABJICHUs HAIBIJIEHUS U PACCTOSHMS 1O HA3HAYECHHOU
MOBEPXHOCTH, U HAHECEHUE BBIMOJHSIN, CO37aBas TONIIMHY B auanasoHe 120-150 mxm. B
Hcnerrannu Ne 9 Cr,O5 He comeprkacss B KOMITO3HULIMH.

[0140] [Ucnbiranue Ne 10]

B Ucnbrranne Ne 10, BBITOJHSIN YUCTOBOE CTAHOUHOE LUTM(OBAHHE HA MOBEPXHOCTHU
HUMIMETST W TOBEPXHOCTH My(pThl. [IOBEPXHOCTP HHMNIENS MOTPYy>Kajd B pPaCTBOP MAJIs
XUMHYECKONW KoHBepcuu (ocdartupoBanus umHka npu 75-85°C Ha 10 MMHYT 111 CO3IAHUS
NOKpBITUS U3 pocdaTta uuHKa, nMeroliero Toamuny 10 mxMm. [ToBepxHOCTH My THI OTpy>Kaiu B
pacTBOp 111 XMMUYECKON KoHBepcuH ¢ocharupoBanus mapranua npu 80-95°C Ha 10 MuHyT
I CO3laHusl TMOKpbITHS W3 (ocdara mapranua, MMerOUiero TOMIMHY 12 MkM. 3arem
KOMITO3ULIUIO JUIS CO3aHMsI CJIOSI CMa304HOIO MOKPBITUS HAHOCWJIA HAa MOBEPXHOCTb HUIIIENS U
MOBEPXHOCTh ~ My(Tbl ~ NOCPEACTBOM  HANbUIEHUs TP  HOPMAJbHOW  TemIeparype
(mpubnmsurensHo 20°C) nist CO3AAHUS CIOEB CMAa30YHOTO TMOKPHITHS. B OTHOIIEHHH TOJIIUHBI
MOKPBITHs], BBIYUCIISUIN LIEJIEBYIO CPEAHIOIO TOJIIMHY MOKPBITUSL, IPUMEHS MacCy U YIEIbHYHO
IUIOTHOCTb KOMIIO3ULMM, TMOJJIEKAIlEed HAaHECEHWIO, OTHECEHHYI K €JUHULE IUIOUAaaAu U
€AVHULIE BPEMEHU Ha OCHOBE 3a/laHHOTO JIaBJICHUsS HANbBUICHUS U PACCTOSHUS 1O HA3HAYEHHOMN
MOBEPXHOCTH, U HAHECEHWE BBIMOJIHSAJIN, CO3[aBas TOJIIMHY B auanasoHe 120-150 mxm. B
Ucnbrrannu Ne 10 CaF, coneprkaincs, kak KOMIIOHEHT B koMrio3uniuu BMecto Cry0s.

[0141] [McipITaHUE OLIEHKH CTOMKOCTU K MIOBEPXHOCTHOMY TOBPEKIESHHUIO |

OueHKy CTOWKOCTH K TIIOBEPXHOCTHOMY TOBPEXKIEHUIO BBINOJHSIM C IOMOILBIO
UCTIBITAHNS MHOTOKPAaTHBIM CBUHUYMBaHUeM. C mpuMeHeHeHueM Hunmeneil u mydrt Mcnbrranus
Nel - Hcnbrtanuss Ne 10, cBMHYMBaHME M pa3BUHYMBAHME NOBTOPSJIM IPU KOMHATHOMU
temnepatype (20°C), u oleHMBaJIH CTOHKOCTb K TMOBEPXHOCTHOMY MOBpekaAeHHIO. KpyTsmuii
MOMEHT CKpeIJIeHUs1 yCTaHOBWIM BenuduHON 24350 Hm. Kaknpiil pa3 mo 3aBepLIeHUN OJHOTO
L[UKJIa CBUHYMBAHUS W PA3BHHYMBAHMUS W, IOBEPXHOCTb HHIMIEISI U TOBEPXHOCTb MY(QTHI
BU3YaJIbHO M3y4asu. [IpoBepsiin BOSHUKHOBEHHE IMOBEPXHOCTHOTO MOBPEKICHUS Ha PE3bOOBBIX
y4acTKax M y4acTKax METAIJIMYECKOro YIUIOTHEHUs BU3yalbHON npoBepkoi. [Io oTHOmEHno k
y4aCTKaM METAJJIMYECKOrO YIUIOTHEHUs, MCHBITAHWE 3aKAHYWMBAIM IPU BO3HUKHOBEHUH
MOBEPXHOCTHOrO MOBpexkaeHus. Korma moBepXHOCTHOE MOBPEKACHHUE HAa Pe3bOOBOM ydacTKe
OBUIO HE3HAYUTENbHBIM W PEMOHTONPUTOAHBIM TOCPEACTBOM HAIUIABKUA WM T.I., Oe(PEKTHI
MOBEPXHOCTHOI'O MOBPEXICHUsI PEMOHTUPOBAIM W HUCIHBITAHHE NPOAOLKANU. MakcuMmasbHas
KPaTHOCTb JJii TOBTOPSIIOINErOoCsl CBUHYMBAHUSA ycTaHoBWIM B 15 pa3. CBuHuUMBaHuE
MaKCUMAaJIbHOW KPAaTHOCTH BBINOJHsUIM JHOO Oe3 BO3HUKHOBEHHsS] HEPEMOHTONPHUTOIHBIX
MOBEPXHOCTHBIX TMOBPEXKIEHUI Ha pe3bOOBOM ydYacCTKe, MM BO3HHKHOBEHHE TOBEPXHOCTHOTO
MOBPEXICHUE HA YYAaCTKE METAIMYECKOIO YIUIOTHEHHUs] NPUHUMAJH, KaK OLEHOYHBIA HUHAECKC
ISl CTOMKOCTh K TNOBEPXHOCTHOMY MOBpeskaAeHuro. Pesynbrarsl nmokasaHbl B "CTOHKOCTH K
MIOBEPXHOCTHOMY TIOBPEKACHUIO (KOJIMYECTBO OOOPOTOB CBUHYMBAHUS, KOTOPOE MOIJIO OBITH

BBIIIOJIHEHO 0€3 BO3HMKHOBEHMS HEPEMOHTONPUTOAHBIX TTOBEPXHOCTHBIX HOBpe)KI[eHI/Iﬁ Ha
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pe3bO0OBOM ydacCTKe, a TakKe BO3HHKHOBEHHS TMOBEPXHOCTHBIX TMOBPEKAEHUN Ha yYacTKe
METAJJTNYECKOrO YIUIOTHEeHHs1)", cToNOe ] B Taduiie 3.
[0142] [TaGwma 3]

Ne CTOWKOCTh K TIOBEPXHOCTHOMY TIOBPEXACHHUIO (YUCIIO | HCIIpaBHAs paboTa
HUCIIbITaAHUA BO3MOXKHBIX npu YyCKOPEHHOM
00opoTOB CBUHYMBAaHUs 0e3 BO3HUKHOBEHUSI | POCTE KPYTSLIErO

PEMOHTOIIPUTOAHOTO MOBECPXHOCTHOI'O MNOBPCKACHUA HA | MOMCHTA
pe3pOOBOI OBEPXHOCTH,

a TaKKE€ MOBEPXHOCTU METAJINTUIECKOIO yl'[J'[OTHeHI/ISI)

1 14 115
2 14 121
3 14 125
4 13 138
5 15 130
6 15 127
7 12 143
8 10 100
9 5 58

10 10 98

[0143] [McnbTanue paboThl IPU YCKOPEHUH POCTA KPYTALIErO MOMEHTA |

C npumenenenuem numnmeneit u Myt Mcnbrranus Nel - Mcnbrranust Ne 10 usmepsuin AT
KPYyTsLIEro MOMEHTA IPU CONPOTUBJIEHUH 3aIIeduKOB. KOHKpPETHO, CBUHUMBAHNE BBINOJIHSAIHN B
YCIIOBHUSIX CKOpOCTH 3aTsiruBaHusi 10 oO/MMH um KpyTsimiero MomeHTta 3arTsokku 42,8 kH-m.
Usmepsiiu KpyTSIIUHA MOMEHT BO BpPeMsl CBUHYHMBAHUS, W TOATOTOBWIIA TPaduK KpPyTSLIETO
MOMEHTa, TOKa3aHHHbIM Ha ¢ur. 7. YcnoBHoe oOo3Hauenwe "Ts" Ha ¢ur. 7 ykasbBaer
KPYTSIIMA MOMEHT TNpPU yIOpe B 3aIUICYHKH. YClIoBHOe obOo3HaueHue "MTV" Ha ¢ur. 7
YKa3bIBa€T BEJIMYHMHY KPYTSIIEr0O MOMEHTa, NMpPH KOTOPOH JMHelHas 4acTh L u rpaduk
KPYTAILIEr0 MOMEHT mnepecekaroTcsi. JIuHeliHass 4dacth L sABisieTcs mpsMON JIMHUEN, KOTOopas
UMEET HAKJIOH OJTMHAKOBBIA C HAKJIOHOM JIMHEWHOW 30HBI rpaduka KPYTSIIEro MOMEHTa MOCIe
yIopa B 3aIUICYUKH, U JJIs1 KOTOPOH KosimdecTBo 00oporoB Ha 0,2% Oosbine B CPaBHEHHHU C
BBILIEYTOMSIHYTOH JIMHEHHON 30HOH. B HOpManpHbIX ycnmoBusx Ty (KpyTsimuii MOMEHT Ha
npezaene TeKy4eCTH) MPUMEHSIOT rpu u3MepeHnu AT' KpyTsiero MOMeHTa MpH CONPOTUBIICHUN
3aIJIe4nKOB. BMecTe ¢ TeM, B HACTOsILIEM NpUMEpPE KPYTSAIUUA MOMEHT Ha Mpefese TeKy4eCTH
(rpaHMIIa MEXy TMHEHHOMW 30HON M HEJTMHEHHOH 30HOH Ha rpaduke KPyTALIEr0O MOMEHTA IOCIe
ynopa B 3amiedyukn) Obuta Hedetkoi. [lostomy MTV onpenenwny, npuMeHUB JTHHEHHYIO YacTh
L. Paznocte mexay MTV u Ts B3sanu, kak AT' kpyTsinero MOMEHTa IMpPU CONPOTHUBJIEHUU

3aIJIeYNKOB HacTosimero npumepa. Ilokasatenun paboThl MPU YCKOPEHHUH POCTa KPYTSILIETO
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MOMEHTa OIpEeeININ, KaK OTHOCUTEJbHYIO BEJIMUHHY MO OTHOLIeHHIO K fenbTe AT' kpyTsiiero
MOMEHTa IIpH CONPOTUBJICHUH 3aIUICYUKOB HcTbITaHuss Ne 8, rme TpyOHYHO CMasky 1o
crangaptaMm APl mnpuMmeHsim BMECTO CIOS CMa304HOTO TOKpPBITHS, Kak 3TajoH (100).
Pe3ynbraTel nokasansl B Tabmuie 3.

[0144] [Pe3ynbTaThl OLICHKH |

B Tabmuue 1 - tabnune 3, komno3unus A GOPMUPOBAHUSA CIIOS CMA30YHOTO TTOKPBITHS
pe3pOOBBIX coenuHeHui s TpyO mnm matpyokos Mcembiranust Nel - Mcnbiranust Ne 7 numena
Cr,0O5. IlosTOMYy NOBEPXHOCTHBIE MOBPEXKIAEHUS HE BO3ZHUKAIM, JaK€ KOIZla CBUHYMBAHHUE U
pa3BuHUMBaHUE MNOBTOPsIM 10 pas, m TakuM 0oOpa3oM IEMOHCTPUPOBANACH IMPEBOCXOAHAS
CTOHKOCTh K TOBEPXHOCTHOMY IIOBPEXKACHUIO. JIOMOMHUTENBHO, MNOKa3aTean padoThl IpU
YCKOPEHHH POCTa KpyTsmero MomeHra Obutu Oosbie 100, u pe3pOOBbIe coenuHeHus st TpyO
WM TaTpyOKOB JAEMOHCTPHPOBAIN MPEBOCXOMHbIE MOKa3aTeNu paboThl MPU YCKOPEHHH POCTa
KPYTALLIEr0 MOMEHTA.

[0145] B pes3bOoBeIXx coemuHeHusix i TpyO wim matpyOkoB Mcmbitanms Nel -
Hcnsrranust Ne 6, conepxxanue Cr,O; cocrasmsio 1-20,0%. [TosToMy B pe3bOOBBIX COSTUHEHHUSIX
s TpyO wiu marpyOkoB Mcmbitanusi Nel - Hcmbitanus Ne 6 KOJMYECTBO CBUHYMBAHUIA,
KOTOpPOE€ CMOTJIN BBIMOJHHUTD O€3 MOBEPXHOCTHOTO MOBPEXAeHUs, ObUIO OONbIIE B CPABHEHUH C
pe3bOOBbIM coenauHeHMeM Uit TpyO wim matpyOkoB Hcmbitanust Ne7, u Takum oOpasom
CTOMKOCTb K IIOBEPXHOCTHOMY IIOBPEXKACHHUIO, IPOIEMOHCTPUPOBAHHAS  Pe3bOOBBIMU
coequHeHusIMH st TpyO mim natpyOkoB Ucnbitanus Nel - Micnibitanus Ne 6, Opiia ewie siyudrie,
YeM CTOMKOCTh K TIOBEPXHOCTHOMY TIOBPEXKACHHUIO, MPOIEMOHCTPUPOBAHHAS Pe3bOOBBIM
COeMHEeHUeM Ut TPyO mim natpyOKoB ucTbITaHus Ne7.

[0146] C nppyroii CTOpOHBI, KOMIO3WLMS sl (HOPMHPOBAHHUS CJIOSI CMAa304YHOIO
MOKPBITUST Pe3b0OBOrO coenuHeHus it TpyO win matpyOkoB ucmbiTaHus NeQ He coneprkana
Cr,O5. IloaToMy, CTOMKOCTh K MOBEPXHOCTHOMY IOBPEXKIEHUIO M IMOKa3aTeau paboThl NpHU
YCKOPEHHUH POCTA KPYTALIEr0 MOMEHTA ObLIM HU3KUMHU.

[0147] Kommnosuumsi mis (OPMUPOBAHUS CJIOSI CMA30YHOTO TOKPBITHS Pe3bOOBOrO
coenuHeHus Aist TpyO wiu natpyokoB Mcnbitanust Nel0 conepskana gpropun kaneius CaF,, a He
Cr,O5. TloaToMy, CTOMKOCTh K TMOBEPXHOCTHOMY IOBPEXKIEHUIO M IMOKa3aTeau paboTsl Npu
YCKOPEHHUH POCTA KPYTALIErO MOMEHTA ObUIH HU3KUMHU.

[0148] Beime omucaH BapUaHT OCYIIECTBJIEHUS HACTOsINEro u3oOpeTeHus. Bmecte ¢
TeM, BBILIEYKa3aHHBbIH BapUaHT OCYINECTBIEHHS SIBJISETCS TOJBKO MPUMEPOM JUIsl pean3aluu
Hacrosimero m3oOperenns. COOTBETCTBEHHO, HAcTosiee H300pETeHHe HE OrpaHH4YeHO
NPUBEACHHbIM BBIIIE BAPUAHTOM OCYIIECTBJICHHs, W TPUBEICHHBIH BBIIIE BaPUAHT
OCYIIECTBJICHUS] MOXKHO HaJJIeKalluM o0pa3oM MOAU(UIMPOBATh B [UANA30HE, I7€ HET
OTKJIOHEHUSI OT CYIIHOCTH HACTOSLIETO U300PETEHNUSI.

[TEPEYEHb YCJIOBHBIX OBO3HAUYEHHI

[0149]

1: Pe3pboBoe coequHenwue uist TpyO Wi maTpyOKOB

4: OxBaTbIBaeMblil pe3pOOBOH yUaCTOK
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5: Hunnens

7: OxBaTbIBaOIUI pe3bOOBOH yUaCTOK

8: MydTa

10, 13: YyacTOKk METAIMYECKOrO YIUIOTHEHUS
11, 12: 3anne4nkoBblil y4acTOK

21: Cnoit cMa304HOTO MOKPBITUS
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®OPMYVYJIA H30BPETEHUA

1. Komnosuuumss 1 (OpPMHUPOBAHHUS CJIOSI CMA30YHOTO TOKPBITHS Ha pPe3bOOBOM
COEAMHEHUH I TPYO MK naTpyOKOB, IPUYEeM KOMITO3ULIUSI COAEPIKUT:

CI’203,

METAIIMYECKOE MBLIO,

BOCK, U

OCHOBHYIO COJIb METAJJIa U ApOMATHYECKON OPraHU4YeCKON KUCIIOTBHI.

2. Komnosunus 1o 1. 1, B KOTOpO¥:

KOMIIO3HIIMS COIEPIKUT, B MPOLIEHTAX MO0 Macce OT CyMMapHOIo KOJIMYEeCTBa HENeTyUux
KOMITOHEHTOB B KOMITO3HULIUU:

Cl‘2032 1—20%,

MeTannyeckoe Mblio: 2-30%,

BOCK: 2-30%, m

OCHOBHYIO COJIb M€TaJlJla U apOMaTH4YeCKOi opraHnndeckoi kucnotsl: 20-70%.

3. Komno3urus mo . 1 win 2, TONOJHUTEBHO COAEPIKaILas:

MOPOIIKOOOPA3HYIO CMa3KYy.

4. Komnosunus 1o 1. 3, B KOTOPOWU:

KOMIIO3MIIMS COIEPIKUT, B MPOLIEHTAX MO Macce OT CyMMapHOIo KOJNYECTBa HENEeTy4YHux
KOMIIOHEHTOB B KOMIIO3HULIUH:

nopoIkoodpa3Hyro cMasky: 0,5-20%.

5. Komnosunus no n. 3 wiu 4, B KOTOPOI:

nopomkooOpa3Hasi cMa3ka MpeacTaBisieT coOOW CMa3Ky ONHOrO Wiu Oojiee THUIIOB,
BBIOPAaHHBIX U3 IPYIIIBI COCTOSMIEHN U3 rpaduTa U NOIUTETPAPTOPITUIICHA.

6. Komnosurust mo mro060My U3 MyHKTOB 1-5, TOMONHUTENBHO COAepKaliast:

JEeTY4YUid OPraHUYECKUH PACTBOPUTEID.

7. Pe3pboBoe coenmHeHue i TPyO MM MaTpyOKOB, conmepikailee HUMMeNb U My(QTy,
IIPU 3TOM:

KQXKIbI W3 HUMNENT U My(QThl COAEPKUT KOHTAKTHYK) TOBEPXHOCTb, HUMEIOIIYIO
pe3pOOBOH YHaCTOK;

pe3bbOBOE COemUHEHWe Ui TPyO WM MaTPpyOKOB CONEPIKUT CJIOW CMAa304HOTO
MOKPBITHS, CHOPMUPOBAHHBIN U3 KOMIIO3HUIIUU IO JIIOOOMY M3 MyHKTOB 1-6, KaK CaMblil TaTbHUI
OT OCH CJIOH, KOTOpPBI 00pa30BaH MO MEHbIIEH Mepe Ha ONHOH M3 KOHTAKTHBIX MOBEPXHOCTEH
HUMIENS U MyQTHL

8. CoenuHeHue 10 1. 7, AOTIOJTHUTENIBHO CONlepIKallee:

CJION METaNJINYECKOro TMOKPBITUA MEXAYy IO MeHbIlel Mepe OJHOW M3 KOHTAKTHBIX
MOBEPXHOCTEN HUMIMENS K My(PThI U CIIOEM CMa30YHOTO MOKPBITHS.

9. Coenunenue 1o 1. 7 win 8, AOMOJHUTENBHO COlepKallee:

HIDKE CJI0S CMA304HOIO MOKPBITHS XUMHUYECKOE€ KOHBEPCHOHHOE MOKPBITHE, MMEoIlee
MOBEPXHOCTD, HAXOMALIYIOCS B KOHTAKTE C CJIOEM CMAa304YHOIO MOKPBITHS.

10. Coenunenue no n. 7 uiau 8, B KOTOPOM:
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MOBEPXHOCTh, HAXOISIIYIOCS B KOHTAKTE C CJIOEM CMAa30YHOIO MOKPBITHs, oOpadoTana
cTpyiHON 00pabOTKOM WK TPaBICHHEM.

11. Coenunenue no modomy u3 myHKTOB 7-10, B KOTOpOM:

KOHTAKTHAsl IOBEPXHOCTb JOMOJIHUTEIbHO CONEPKHUT CBOOOAHBIH OT  pPe3bObl
METAJUIMUECKUI KOHTAKTHBIN y4acTOK.

ITo noBepenHocTH
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OUT 1 AENBTA AT KPYTALLEETO MOMEHTA
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______ KPYTALLA MOMEHT NPV YNOPE
B SATIE4MKN

KOJIMHECTBO OBOPOTOB
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