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BUI1 PABOUYMX OPTAHOB.

L demop ons eedenus nepenucku

1 CocrosiHue BOIPOCa UCCJIE0OBAHUS U AKTYAJIbHOCTH PadoThI

OnHOM U3 OCHOBHBIX MPUYHMH NOTEpU pabOTOCIIOCOOHOCTH MAIIMH SBJSETCA U3HAIIU-
BaHME JeTajieil, BCIEICTBUE KOTOPOTO MPOLUEHT OTKA30B B MPOI[ECCE IKCIIYaTallul TIOCTUTAET
80 mpouenToB u 6oinee [1-6]. DTo 00ycnOBINBaET aKTYalbHOCTH 3a/1a4M MOBBIIICHUS Ka4eCTBA
U U3HOCOCTOMKOCTHU pabounX MOBEPXHOCTEH JleTajeil map TpeHUs U PeXYyIIUX dJIEMEHTOB pa-
0o4HMX OpraHoB MalllMH, PEUIEHHE KOTOPOU MO3BOIsEeT 00EeCeUnTh YBEIUYCHHE pecypca Ma-
muH. [Ipy 3TOM Hcnoab30BaHKE 101X0/1a HAHECEHUS TOKPBITUHM C IEPEMEHHBIM COCTABOM KaK
(GYHKIIMU KOOPJIUHAT MOBEPXHOCTH JIOTIOJHUTEIBHO MO3BOISET, BO-NIEPBBIX, 00ECIICUUTH PaB-
HOMEPHOCTh U3HAIIMBAHUS IOBEPXHOCTEN TPEHUSI IPU IPOCTPAHCTBEHHO HEPABHOMEPHBIX U3-
HAaIIMBAOIIUX BO3JEUCTBUAX U, BO-BTOPBIX, COKOHOMHUTH Ha JOPOTOCTOSILINX BHICOKOU3HOCO-
CTOMKHUX COCTABJSIONIUX MOKPBITUSA [7].

K onnomy u3 3¢ eKTUBHBIX MOAXOJ0B CO3/aHUSI MOBEPXHOCTHBIX CIOEB OTHOCHUTCS
HAaHECEHUE MOKPBITHH € IOMOIIBIO IPOTPECCUBHBIX IUIAa3MEHHBIX METO/I0B HAHECEHUSI TTOKPBI-
tuit [8]. UMeromumecss HEJJOCTATKU JAHHBIX METOJ0B, O0YCIOBJICHHbIE MEPETPEBOM, PEKPHU-
CTaJIM3alMel MaTepurana JeTalu U ee KopoOieHreM s IIa3MEeHHOW HaIlJlaBKU, U HEJ10CTa-
TOYHBIMM NPOYHOCTHBIMU XapaKTEPUCTUKAMU NOKPBITHSA s TJIa3MEHHOTO HAallblJICHUS,
YCTpaHAIOTCS IMYTEM COBEPLICHCTBOBAHUSI CaMOTO Ipoliecca IJa3MEHHOTO HaHECEHUS U
YIOpOYHEHUEM NOoJydeHHOTro mokpbiTus (puc. 1) [9]. Onnum u3 3¢pdexkTuBHBIX CrOCOO0B
YIPOYHEHUS MOKPBITUH SIBISIETCS UCIIOJIb30BaHUE ABYXIYTOBBIX IJIA3MOTPOHOB B PEKMME MO-
AYJSIUN 3JIEKTPUYECKON MOIIHOCTH KOCBEHHOM M mpsiMOM AyT (puc. 2), 4TO MO3BOJISET IO-
BBICUTD aJAT€3UOHHYI0 U KOIN€3MOHHYIO IPOYHOCTh MMOKPBITHS, TBEPJOCTh U H3HOCOCTOUKOCTD.
OpxHako naHHBIN cioco0 He o0ecreynBaeT paBHOMEPHOCTH M3HOCA MOKPHITHS HA BCEX y4acT-
Kax pabo4YuX MOBEPXHOCTEH AeTanell mpyu HepaBHOMEPHBIX U3HAUIMBAIOIINX HAarpy3Kkax, u JAjis
JAHHOTO crioco0a He U3BECTHBI 3aBUCUMOCTH KPUTEPUEB KOMOMHUPOBAHHOTO JABYXJYTOBOTO
npoiecca oT ero (akTopoB Kak JJIs TPYUIUXCs MIOBEPXHOCTEN Map TPEHUs, TaK U IS PEKYIIUX
MOBEPXHOCTEH JIE3BUN pab0UnX OPraHOB JIECHBIX MAIlWH.

TUNUYHBIM TPUMEPOM IEPBOM T'PYIIBI TOBEPXHOCTEHN SABISIIOTCA pabourie MOBEPXHOCTH
munHApoB JIBC, BTOpoil rpymnmnsl — IeMeXu IUIyroB. AHAJIU3 COBPEMEHHONW MH(POpPMAaLUU MOJ-
TBEPWJI aKTyaJIbHOCTb PEIICHUs JaHHOU MPOOJIEMBbI U MO3BOJINI BBIABUHYTH I'MIIOTE3BI IO yCTpa-
HEHHMIO HEPAaBHOMEPHOCTH M3HAIIMBAHMS MOKPBHITUS HCIOJIB30BAHUEM MOKPBITUH MEPEMEHHOIO
COCTaBa IyTE€M MOJYJISIIUN MOLUTHOCTH BBIHOCHOM AYTH IJIa3MOTPOHA U PETYINPOBAaHUS pacxoa
TBEPOH COCTaBJISIFOIIEH MOPOIIKA B POIlecce HaHeceHus MoKpeiTus (puc. 3) [7,10-13].

35



BopoHexckuii HaydHO-TeXHUYeCKUM BeCTHUK Ne 3(45) cenTsa6pb 2023 .

TexHOIOTHYECKHE Ty TH COBEPIIEHCTBOBAHMUS TTa3MEHHOTO
HaHeCeHHs IMOKPBITHIT H YIIPOYHEHHS OKPHITHIT, TOBepXHOCcTell

= | N
COBepIICHCTBOBAHHE CoBMenieHHe
TeXHOTOTHIEeCKHX TeXHOTOTHIEeCKHX PaspuTHE H YHHBEpCaTH3aIHA
oTeparmii: oTeparuii: ICRHOROMH
Vi T
HAITbLTEHMS, YIIPOYHEHHS HAHECEHHBIX oGecrieyeHHEeM
HAILTABKH HOKPBITHIT H IOBEpXHOCTei IPHMEHHMOCTH
JUISL:
7 I I | R [P 1 I -

VIIHOM Mj1a3Mbl

Vposens cmamuxu
(yemanosusuuxes npoyeccos)
A

Jo6aBrneHneM MpHcafok
(JU1s1 BO3J1
YIJIEBOJAOPOJCOACPIKALNX [A30B)
ra30iMHAMUY €CKMMM CIioco0aMu
(co3/laHMEM CBEPX3BYKOBBIX CTPYH,

CITYTHBIMH 3aLUTHBIMH ITOTOKaMH H llp.)

OIUTaBJICHHEM IMOKPLITHHA

OpaboTKoi

MOBEPXHOCTEH JieTaliel MatmnH

SIICKTPOMEXAHHYECKOHN O

HAHECEHMUsI TOJICTOCTONHBIX OKPBITHiT
GopyoBanus (10 arperaTHo-

MOJIYJIbHOMY TTPHUHI ll’ll'ly)

06paboTKoi
VHUBEpCaTH3alliei 0
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(l)llli“lllllblM TUTa3MEHHBIM YTIPOYHCHUEM

I TTOBBILICHHEM YPOBHS aBTOMATH3aLIMHK TIPOLIECCOB

1T T T

MOy IS TApaMeTPOB

-
s B
R X
= =
V=
o~ —
® =
e S
e -~
s 2

R

-

=)

Pucynok 1 — I1ytu noBeieHus: 3 PEKTUBHOCTH MJIa3MEHHOTO HAHECEHUS M YIPOUYHEHHUS MTOKPBITUI
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1 — xarox; 2 — anox; 3 — KocBeHHas (MUIOTHAs) ayra; 4 — npsiMast 1 - mra3smatpoH; 2 — MOMNOKKA; 3 — UCTOYHHK IUTAHH;
(BeiHECEHHAsT) Myra; 5 — momioxka; 6 — nmokperrue; MI1-1, UI1-2 — wc- 4 — xaTymka WHAYKTUBHOCTH; 5 — GaJTaCTHOE COMPOTHUBIIE-
TOYHHMK THUTaHUSI KOCBEHHOM M MpsIMOH AYT'M COOTBETCTBEHHO;, Hue; 6 - wmomymarop; 7 - ONOK  yIpaBICHHS;
V — ckopocts niepemertienus (mojava) miasMOTPOHA; Ml , fiu , Hip — 8 — KocBeHHas nyra; 9 — OalIaCTHOE CONPOTHBIICHHE;
pacxo] Ia3mMoo0pa3yIoIIero rasa, MaTepuaia MOKPBITHS U TpaHC- 10, 11 - wmoaymsaropsl; 12 — O6nok ympasieHus;
MOPTHPYIOLIETO ra3a COOTBETCTBEHHO; N — ToniuHa mokpeitHs; L — 13 — npamas gyra

JUCTAaHIWA HAHCCCHUA u/unm YIIPOYHCHUS ITOKPBITUSL

PI/ICYHOK 2 — Cxema HUCTOYHHUKA MUTAHUS U Imponecca mia3sMCHHOIoO HaHCCCHUA U YITPOYHCHUSA 110-

KPBITHS ¢ 00paOOTKOM MOBEPXHOCTH BBIHOCHOM (TIPSIMOM) TyTOi
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TUNUYHBIM TIPUMEPOM TIEPBOI TPYIIIBI MOBEPXHOCTEH SABIAIOTCS paboyme MOBEPXHOCTH LU~
nunapoB JIBC, BTopoii rpyniibl — JeMEXH IUTYTOB. AHAJIN3 COBPEMEHHON MH(OpMAIIUU MTOATBEP I
aKTyaJIbHOCTb PEIICHUS JaHHOHM MpoOIeMbl M O3BOJIMI BBIIBUHYTH TUIOTE3BI 10 YCTPAHEHUIO He-
PaBHOMEPHOCTH M3HAIIMBAHUS TOKPBITUS UCIIOIB30BAHUEM MOKPBITHI IEPEMEHHOT0 COCTaBa IyTeM
MOJYJIALIMA MOILIHOCTH BBIHOCHOM AYIM IUIa3MOTPOHA M PETYJIMPOBAHUS pacxoaa TBEPIOMl coCTaB-
JISFOIIIEH TIOPOIIIKA B IIpoIiecce HaHeCeHHs MOKphITus (puc. 3) [7,10-13].

Fa30Bble TEXHONOMMK ra30TEPMUYECKOrO HaHEeCeHWA NOKPbITUIA (BITH)
1

lazonnameHHoe neKTpoayroean JeToHauMoHHOe
HanbleHKHe METANNMIALMA HanblNeHHe

CBepx3eyHoBan
I_ CeepxaeyroBoe |_ pxasy

MnazmeHHble TEXHOIOTMK

1
Mna3meHHoe

MnasmeHHoe HanblneHne MnazmexnHan aKTMBMPOBaHHaA
NMpoUHEHUE Hanaaeka Fas0rnameHHos 3NEeKTPOAYTOBaA
Hs =N HanbleHWe
TpeHua) METaNM33LMA
MnasmeHHas MnasmeHHas
" CBepXIBYROBOE MnasmeHHoe CHOpOCTHaA
n iHaA mogud L) Hannaexa-
nnasmMeHHoe HanbiNEHHE nnasmeHHan
3axanka {HEI‘ID,D.EM)KH!:IE - HansLNeHue
HanbineHue CYCNEH3WA Hannaska
COEOMHEHHA) (pesywme
KPOMKH]

PHHHWHOE

nAasMeHHoe

YNpoYHEHHE
(HEnoABWXHEE o
CoenMHEHNS) KOMGHHHpO BadHHbIE TEXHONOTHUA HaHECEHWUA WU YTIPOYHEHWMA NMOKPbITUA

1
r T 1
BITH (ocHoBa) C TepMo- MK 3NeKTpoOMexaHuyeckoin obpaboTroi Pemxumbi:
€ pPEryNMpoBaHUEM BbICOKOTBEPA0N ] OUHAMMWUECKWE C MOLYNALWER
COCTABAAKLLEN NOPOLUKA napameTpoe

MaTepuans! NOKPLITUIA
L

) L}
MNopacnoil AnA BCeX NOKPbITHIA

1
Ana pexywmx kpomok pabounx opraHos:

— TepmopearvpyoLLmii [nA aetaneit nap TPEHWA M HEMOABWMHHBIX COEAMHEHMIA 1) emeco 30 % camodntocyioweroca
nopouwok Ni-Al — camodnocyowmica nopowok MNICP-4 Ha ocHose nopowka MICP-4 ¢ 70 % WC;
Ni u Cr c pobaskamu B, Si 2) BbICOKO3HTPONUIMHBIA cnnae uza 5...7

metannoe (Ni, Co, Cr, Fe, Cu, Ti)

PI/ICYHOK 3- HpOFpeCCI/IBHBIe Ta30TCPMHUYICCKUEC TCXHOJIOTMHU HAHCCCHUS HOKpLITI/Iﬁ

Ha ocHoBe 3Toro Obuia onpeneneHa Hay4yHas poosieMa IIa3MEHHOTO HaHECEHUs U YIIpOUYHe-
HUS TIOKPBITHI MEPEMEHHOTO COCTaBa C ONTUMAIBHBIM PACIIPE/ICTICHHEM B HUX BBICOKOTBEPJIBIX CO-
CTaBJISTFOIINX, OOECTICUNBAIOIINX PABHOMEPHOCTh M3HAIIMBAHUS BCEX YUACTKOB TOBEPXHOCTH TPEHUS
MIpU HEpPaaHOMEPHOM H3HAIIIUBAIOIIEM BO3/ICHCTBUH M CAMO3aTaulBaEMOCTh JIE3BUI pab0ounX OPraHOB

MallliH B YCJIOBUAX YIIPABJICHHUA IPOLECCOM € TIOMOIIBIO MOAYJIAIUN MOIIHOCTH IJIa3MOTOPOHA.

2 MarepuaJibl 1 METOAbI

Ha puc. 4 npencTaBlieHbl CXeMBbI MPOIIECCOB MJIa3MEHHOTO (JOPMUPOBAHHS PABHOMEPHO-
W3HAIIMBAE€MOIr0 MOKPBITUS HA MOBEPXHOCTH T'Wiib3bl nuanHapa JIBC ¢ momonisto peryiauposa-
HHSI pacxojla YIPOUYHSIONIEH TOJU MOPOIIKA MO NMPOQPUII0 MUIUHAPA U CKOPOCTU JIBHIKCHUS
MSITHA HalbUICHUS.
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MaKIHMaNEHaR BENWUMHE UZHOCA
THNB3R! LWIMHAPE — 0,1 MM

[1nasMeHHOR HarblieHme

(3KOHOMHYHOCTE, BLICOKOE KaYECTBO
HArbITEHHA)

MUHMMaNEHD BOSMOKHAR TOMUMHE NOKPBITHA:
*(),5 MM (NNasMEHHanR Hannaska):
*(),3 MM (Ta30MnaMeHHan Hannaeka);
*(,05 MM (MNa3MEHHOE HaNbINEHHE)

DHHHILIHOE TA3MEHHOE
[InasmerHoe oriasneHne VrouHEHIE
(TpEByEMOE KIYECTRD MOKDATHS,) (yripouHeHse nocre Winposanns)

Pucynox 4 — Cxema nporieccoB GOpMHUPOBaHUS PABHOMEPHOM3HAITNBAEMOTO MTOKPHITHUS
Ha MOBEPXHOCTH T'WJIb3bI IUIUHIpOB JIBC

HMzHoc no Basosomy eapuaHmy, mm
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Pucynok 5 — XKenaemoe nzmeHenue

TBEPJIOCTU B MOKPBITUH, 0O0ECTIeun-

BaIOLIEee PABHOMEPHBIN U3HOC Pabo-
yel MMOBEPXHOCTHU HUIIMHAPA

MareMaTrueckasi MOAEb pacIpeIeieHUs TIepEMEH-
HOTO COCTaBa MOKPBITHS 1O IMOBEPXHOCTH, a UMEHHO, pac-
MIPEICIICHHSI YIIPOYHSIONICH IO TIOPOIIKA (y; IO JITHHE
HWIMHAPA X, 00eCTIeYHBAOIIEe PABHOMEPHBIN U3HOC ITOKPHI-
TS, IpeacTaBiseTcs GyHKIuel (puc. 5):

eyn=0npu x</.1 u x>i=14/LL (1)
eyn=50 % nupu LI1+L2<x<L1+L2+/L3. 2)

50-Y%,L; 50
—A+—-x npu L+ L, +L3; <x <

<

3aBHCHUMOCTh HM3MEHEHHsI CKOPOCTH TepeMeIleHuUs
TJIa3MOTPOHA Vyan 1O JUTHHE MWIHHJIPA X, 00SCTICUNBAOIIAS
JTUHEHHOCTH TPOMUIIS TIOKPHITHS [T CITydasi HalbIICHHUS Ha
HUMeIoLIuIcs Mpoduiib U3HOCA (TOJIBKO ¢ abpa3uBHOM MOATO-
TOBKOW TOBEPXHOCTH TIOJI HambUICHUE Oe3 MpeaBapuTeb-
HOTO NUTHU(OBAHUS ), UMEET BU/I;

wmam =Gnophnokp (x) & pnokp , (4)

rie Gyop — PACXOJ TIOPOIIKA, KI/C; PIIOKP — IUNIOTHOCTh MOKPBITHS, KI/M3;
hyoxp(x), b — TonmuHa ¥ MUPUHA CI0S TIOKPHITUS COOTBETCTBEHHO, M.
Ha puc. 6 npexacraBnena cxema nporeccoB (OpMUPOBaHUS CTPYKTYpPHI Jie3BUsL pabouuX op-
TaHOB C ITIOMOIIBIO0 CaMO3aTauyMBAIOLIETOCS IOKPBITHS, HA PUC. 7 — CXEMBI 3aTaYNBAHUS U U3HAILINBA-
HUS PeXYIIUX KPOMOK HOXKell pabounx opraHoB. B 4acTHOCTH, /Ui CXeMbI CaMO3aTauMBaHUS JABYX-
CJIOMHBIX MOKPBITUH MEPBOTO POJA TBEPIBIM CIOW MOKPHITHS HaXOJUTCS HAa HM)KHEN MOBEPXHOCTH

JemMexa, a JUIsl TOBBIIIEHUS €ro MPOYHOCTH MOJ] HUM HaHOCST MEHee TBEpJblil cioi (Ha puc. 7 He

MOKa3aH), a I MOKPBITHI BTOPOTO pojaa 0oJiee TBEPABINA CIIOW HAHOCST HE MEePEIHION0 ITOBEPXHOCTh

JIeMeXa MoJl MEHEe TBEPbIN CIOM.

38



BopoHexckuii HaydHO-TeXHUYeCKUM BeCTHUK Ne 3(45) cenTsa6pb 2023 .

BenuuiHa aH0Ca BOK0BLIX MOBENXHOCTEH NE3BUA — 10 5 MM MMHHMATIEHO BOSMOXHER TO/MUIIHA NOKDLITHA:
%(,5 MM (MN3zMEHHaA HaNNaexka);

*(),3 MM (ra30nnaMeHHan Hannaexa);
*(},05 MM (MNa3MeHH0e HankineHwe)

[TiHpOBEHHE, QIHHILHGA STEKTDOMEXGHHYECKEA

[InazmerHan Hannaska
ofpaborka

(GKOHOMHUHOCTE, TpEbyeMoe KauecTao cioes) (yrpoumsasme noche wmwhosang)

Pucynok 6 — Cxema nporeccoB pOpMHUPOBaHUS MHOTOCIOWHOM CTPYKTYPBI CaM03aTauyHBAIOIIET OCs
HOKPBITHUSA JIE3BUS pAOOUYMX OPraHOB

a — 0a30BbIil BApHAHT 0€3 TOKPBITHUS; O, 8 — JIE3BHE C TBEPABIM MOKPBITHEM 1-TO U 2-TO pOAa COOTBET-
CTBEHHO; 2, 0 — HAIUTaBKa MIEPETHEH IOCKOCTH TBEPABIM CIIJIABOM TPU BEICOKOW W HEBBICOKOUW M3HOCOCTOM-
KOCTH OCHOBHOT'O MeTaJljia JIE3BHsI COOTBETCTBEHHO; ¢ — HAIlJIaBKa B JIBa CJIOS Pa3JIMYHOMN TBEpAOCTH (Ciioi 2

0oJee U3HOCOCTOCK, YyeM ciioi 1); ToueuHas JIMHUS TOKa3bIBaeT IIOBEPXHOCTh N3HOCA

PI/ICYHOK 7 — CxeMHbl 3aTauyrBaHMs U H3HAITUBAHUS PEKYIIUX KPOMOK HOXeH pa6oq1/1x OpraHoB

st perieHrst TEXHOJIOTHYECKON TpoOieMbl BBIOOpa peXMMOB Oblia pa3padoTaHa (u3nye-
CKast Mojieb 00bekTa ucciaemoBanus [14-17]. Ona BKiIrOUaeT B ceOst MPOIECCHI MJIa3MEHHOTO HAITbI-
JIEHUS C MOAYIMPYEMOH KOCBEHHOM Ayrol 1 00pabOTKHA MOBEPXHOCTH MOAYIUPYEMOM MPSIMOH Ty-
roii. HoBeIM B u3. MOIE€NH SBISETCS y4ET MOJYJISIIMA MOIITHOCTH BEIHOCHOM IyTH IJIa3MOTPOHA B
IIPOLIECCE HAIIBUIEHUS. DTO CO3/1a€T YCIOBHSL, IPU KOTOPBIX IOKPHITHE AUCKPETHO (TOUEYHO) JOTIOI-
HUTEJBHO MPOTUIABIISETCS B TOKAIBHBIX yYaCTKaX PAaBHOMEPHO IO MOBEPXHOCTHU 32 CUET MOTYISIIUS
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MOIIIHOCTH BBIHOCHOM JYT'H, YTO MPUBOJUT K IMOBBIIIEHUIO IPOYHOCTHBIX CBOMCTB MOKphITUs. Ha oc-
HOBe (hu3mueckoi Mojenu Obula pa3paboTaHa MareMaTudeckas MoJelb KOMOMHUPOBAHHOTO JIBYX-
JIYrOBOTO Ipoliecca MmIa3MeHHOro HanbuieHus [14, 15], kotopas Bkimtodaer B cedst cuctemy audde-
PEHLIMANBHBIX U anreOpanyecKnX ypaBHEHHM, OMUCHIBAIONINX B3aMMOACUCTBHE M JIBUKCHUE JIHIC-
KPETHBIX AJIEMEHTOB MOKPBITHS (YaCTHUI] TOKPBITHS ); JBIKEHUE TUCKPETHBIX 3JIEMEHTOB MOKPBITHS;
KMHETHYECKYIO SHEPTUI0 TUCKPETHOTO JIEMEHTA; TEIII000MEH MKy KOHTAKTHPYIOLMMH IUCKPET-
HBIMH 3JIEMEHTAMU MTOKPBITHS, TAPAMETPBI POITUKA B MOJIEIIH; 3JICKTPOIIPOBOIHOCTD MEXK/TY IUCKPET-
HBIMH 3JIEMEHTaMU MOKPBITHSA C TOBEPXHOCTHIO OCHOBBL. JlaHHAs MOJieNb Oblila peann30BaHa OJTHUM
U3 YUCIICHHBIX METOA0B (MOAH(UIIMPOBaHHBIM MeTo10M Ditiepa-Komwm [15]. Moaens peann3oBaHa
Ha si3pike Object Pascal B maTerpupoBanHoii cpene nporpammupoBanus Borland Delphi 7. C momo-
11610 pa3paboTaHHON MOJIENIN ObUTH MPOBEACHBI CEPHUH KOMIBIOTEPHBIX SKCIIEPUMEHTOB U TIOTyYEHBI
MCKOMBIE 3aBUCUMOCTH OT ITapaMeTpoB MoayJisiiuu. [locieoBaTeibHOCTh MPOBECHNUS KOMITBIOTEP-
HOTO PKCIIEpUMEHTA BKJIF0OYaia B ce0s HAHECEHHE U YIIPOYHEHHUE JIBYX CJIOEB MOKPBITHUS, TIOCIIE YEro
BBITOJIHSJIACH OLIEHKA (PM3UKO-MEXaHUYECKUX CBOMCTB C(HOPMHUPOBABILIETOCS TOKPBITHSL.

Hcxons n3 TeOpeTHYECKUX MOJI0KEHUM CBapOUYHBIX IIpoueccoB akagemuka Peikanmnuaa H. H.
MIOJTyYEHBI BBIPAXKCHUS, ONPEACISIONINE YCIOBHUS JIOKAIBFHOTO MPOIUIABICHHUS MOKPHITHS B 3aBUCH-
MOCTH OT TEIUIOBOI'O MMOTOKA K HeMy (OT MapaMeTpoB MOAYJIAILMH TpsiMoi xyru) [18].

B pesynbrare TeopeTndeckoil mpopabOTKH HA OCHOBE MOJAEIUPOBAHUS ObLIN MOTYYEHBI OIl-
TUMaJbHbIE MapaMeTphl Mpolecca MIa3MEHHOTO HAHECEHUS! MOKPBITUH ¢ MOAYJISIMEH MOIIHOCTU
BBIHOCHOM nyru. Jlis viccnenoBaHus UCIOIb30BAIIOCH SKCIIEPUMEHTANIbLHOE 000py10BaHKe Tabopa-
TOPHH TIA3MEHHOTO HATbUICHHS Kadepbl MAITMHOCTPOUTENIbHBIX TexHoorwii [13]. Hanbuienue Ha
BHYTPEHHHUE TIOBEPXHOCTH LWJIMHAPOB PEATU3yeTCs 10 M3BECTHOM CXEeMe BpAIICHHUs TIa3MOTPOHA
[19]. Cxema moBopoTHOTO OJI0Ka, HAa KOTOPBIH YCTAaHABIMBACTCS IJIA3MOTPOH, U CXEMa CaMOoT0 13-
MOTpPOHa OIucaHbl B padore [19].

3 Pe3yabTaThl HCCJIEI0BAHUI

PesynbTaThl 9KCIIepUMEHTATBHBIX UCCIIEAOBAHIHA (PU3NKO-MEXaHUYECKHX CBOHCTB U H3HOCO-
CTOMKOCTH TOKPBITHIA, TIOJTyY€HHBIX TUIa3MEHHBIM HAITBJICHHEM Ha TIPU3MaTHIeCKue 00pasIibl, UMH-
TUPYIOIIKE YCIOBUS PAOOTHI Maphbl «IIMINHAP-KOJIBIO MOPIIHA», C MOAYJISAIUEH NEKTPUUECKUX Ma-
paMeTpoB IIa3MOTPOHA Ha ONTHUMANIBHBIX peXXUMax, MPeCTaBIeHbl Ha puc. 8. Pe3ynbraTsl MOKa3bl-
BAIOT, YTO B CPABHEHUU C Oa30BbIM BAPHAHTOM IMPOYHOCTH COEAMHEHUS TOKPHITHS C OCHOBOM, OIpe-
JIeTICHHas: METOAOM CJIBUTa, Bo3pacTaeT Ha 45-50 %, MUKpOTBEpAOCTb, ONpE/IEIeHHAsT Ha TBEPO-
Mmepe [IMT-3, mokazana poct Benumunabl Ha 10-15 %, U3HOCOCTONKOCTD, ONpeieTIeHHAsI Ha MaIlIMHE
TpEeHUs [T BO3BpAaTHO-TIOCTynaTeabHoro asrkenns [10, 18] — na 16-26 %.

B ta6n. 1 u puc. 9 npencraBineHsl naHHbIe TOPOIKOB Ha ocHOBe Ni u Cr ¢ durocyromumu
nobaBkamu Si U B u ux mosydyeHHas M3HOCOCTOMKOCTD IS Pa3IMYHBIX JaBJIEHUN B 30HE TPEHHUS.
MuxkpocTpykTypa numda odpasia ¢ KOMOMHUPOBAHHBIM MTOKPBITHEM ITOKa3aJia INIOTHYIO CTPYKTYPY
NOKPBITHS ¥ HAIMYKE YIIPOYHSIONMX (a3 B mokpeiTuH (OeitHuTa n MapteHcuta) [7, 20].

Ha ocHOBaHMM TEOpPETHYECKUX U IKCIEPUMEHTAIbHBIX UCCIEIOBaHUN YCOBEPIIEHCTBOBAH
TEXHOJIOTUYECKUH TMpOoIIece, MOMYyYeHbl PEKOMEHIAIUH TI0 BOCCTAHOBIICHHUIO IIMJIMHAPOB C MOIYJIS-
IIUEe MOLTHOCTH BBIHOCHOM YT C UCHOJB30BAHUEM PETYIUPYEMOTO MEPEMEHHOI0 COCTaBa Mare-
pHana NOKphITHs U pa3pab0TaHbl TEXHOJIOTUYECKUE CPEICTBA JUISl HETO.
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Y [Ipejiesia BBIHOCIMBOCTH 00Pa3IOB ¢ MOKPHITHEM OT CIIOCO0a HAHECEHHUS TIOKPBITHSI COOTBETCTBEHHO; 0, €,
2rc — MBHOC M IPHBMATHYECKHX 00PasIioB M cKopocTH Tperwst V, paoii 0,78 m/c, 1,3 M/c 1 2,6 M/C COOTBETCTBEHHO;
P — naBiienue B 30He TpeHust; 1, 2 — MOKpBITHE, MOJTYYCHHOE HAIBUICHHEM-HAIUIABKOM JIByMs lyraMu (KOc-
BCHHOU M BBIHOCHO#) 6€3 MOYJISAIMA M C MOIYJISAIIMEH COOTBETCTBEHHO; 3 — TPAIMIIHOHHO HAIBLICHHOE 0~
KpbITHE; 1T — MOPUCTOCTB; G — IPOYHOCTH COEAMHEHMSI IIOKPBITUS C OCHOBOU

Pucynok 8 — Pe3ynbTarsl nccienoBaHuil Gu3NKO-MEXaHUYECKHUX CBOMCTB U MHTEHCUBHOCTH
W3HAIIMBaHUS HUKEIb-XpOMOBbIX NokpeITuii [1I'CP-4

Tabmuma 1 — Marepuan mopomkos

Mapka ciuiaBa

CocraB

T °C

HRC

CBolicTBa OKPHITHH

ITP-H65X25C3P2

Ni-1.2C-25Cr-2.751-2.5B

1050

45-55

ITP-H77X15C3P2

Ni-0.5C-15Cr-3.251-2B

1050

37-45

Bricokast H13HOCOCTOMKOCTH, BBI-
COKasi KOPPO3UOHHAsL YCTOWYM-
BOCTb M ’KapOCTOMKOCTb, XOpO-
mass TMPOYHOCTh  CLETJICHUS.
TBEPIOCTL U U3HOCOCTOMKOCTH
CIUIaBOB BO3pACTaET, a COIpPO-
TUBJICHUE y/Iapy Ta1aeT 1o Mepe
YBEJIMYECHHUSI B HUX COZACP KAHUS
yrieposa, 6opa u KpeMHUsI.
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Pucynok 9 — 3aBuCHMOCTh HHTEHCUBHOCTH U3-
HammBaHus J ot yaensHoro gasnenus P [20]

Ha puc. 10 npeacraBieHsl pe3yinbTaThl
UCCIIEIOBaHNM WHTEHCHBHOCTH H3HAIIMBAHUS
o0pasioB u3 cramu JIS3 s aByxcioiHoro ca-
MO03aTauuBaEMOT0 MOKPBI-THS, BKIIFOYAOILIETO B
ce0st kapOuibl Bosib(ppama u/vu kpemaus. Jlst
Ja0OpaTOPHBIX  HMCIBITAHUNA — HCIOJIb30BAJICS
pactounoii craHok 2E78II ¢ ycraHOBIEHHOI Ha
CTaHUHE EMKOCTH paanycoM 250 MM U BBICOTOM
420 MM, 3amOJHEHHOM KBAapIEBBIM IECKOM
(100-500 MKM), BKIFOUAIIHI IITHHETH C Bpa-
LIAIOLIEICS pe3Ueaep-KaTeIbHOM TOJIOBKOM, K
KOTOPOH € MOMOIIBIO KPOHIIITEHHOB KPETTUIIUCh
uccrenyembie  o0pasznpl.  [IpuHnunuansHas
cXeMa YCTaHOBKM JUI HMCCJENOBaHHs H3HOCA
SJIEMEHTOB IOYBOOOPAOATHIBAIOIINX PAOOUHX
OpPraHoB B PBIXJIOM CJi0e aOpa3MBHBIX YaCTHI
npeacraeieHa Ha puc. 11 [21].

CkopocTs BpaileHus cocrasisuia 30
00/MHH, YTO COOTBETCTBOBAJIO TUHEHHONA CKO-
poctu o6paszuos 0,5 m/c. ITyTs Tpenus cocra-
B 3000 M, Bpemst uctisitanuii — 100 mun. Pe-
3yNbTaThl UCTIbITaHUH (110 4 00pasia Ha OJTHO
COUYCTaHHE MApaMETPOB IMOKPBITHI ) TTOKA3aIH
MOBBILIEHHE CTOMKOCTH K HM3HAIIMBAHHUIO HE
meHee 1,5 pa3. [Ipu sToM npoduib 3aTouku

JIe3BUI OCTaBaJICs MPAKTUUYECKH HEM3MEHHBIM (YToJl MEXAY KPOMKaMHU JIE3BUSI HE MEHSIICS).
CocraB matepuainoB cranu JIS3 ¥ coeB NOKPBITHIT TpeicTaBlIeHb! B Ta0I. 2-3.
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Pucynok 10 — THTeHCHBHOCTD M3HAIIMBAHUS 00Pa3I0B M U3HOIICHHBIC TPOQUIIH JIC3BHSI JIeMexa
u3 Marepuana JI53 (a) 1 AByXCIIOMHOTO caMo3aTaduBaronierocs Marepuana (ciou hy u hy ¢ kapoumamu SiC
mwm WC, HRC h; > HRC h;) (6)
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1 — MIMHAETs CTAHKA, 2 — PE3LEAEDKATEIBHAS TOJIOBKA;
3 — KpOHILTEWHBI KPEIICHNS HCIIBITHIBAEMbIX 3JIEMEHTOB,;

4 — UCTIBITHIBAEMBIC DJIEMEHTHI; 5 — €MKOCTB J1JIs1 a0pa3uBHOTO
Marepuana; 6 — abpasvBHBIN MaTePHAT, PAIUyC BPAIlCHHS
o6pasos — 150 mM; wactoTa BparieHus 30 00\MUH; pazMepsl
o6pasios — 20x30 MM

Pucynok 11 — Cxema ycTaHOBKH ISl HCCIIE0OBAHUS U3HOCA
3JIEMEHTOB 110YBOOOPAOATHIBAIOIINX PAO0UYNX OPraHOB B PhIX-
JIOM cJioe abpa3uBHBIX YaCTHUIL

Ta6muma 2 - Marepuan nemexa JI53

Martepran 0CHOBBI XUMHUYECKHH COCTaB, Yo TBepnocts, | OTHOCHTENBHAA
C Si [ Mn | Cr | IIpoune HRC M3HOCOCTOH-
KOCTh*, €
JIS3 ('OCT 12492.0-90) 0,47 | 0,25 | 0,67 | 0,14 — 47 1,7

* abpasuB - kBapueBble 3epHa pazmepom 0,16...0,32 MM

Tabnuua 3 - Marepuaibl ClI0OEB MOKPBITUH

TonmuHa cios,

Bapuant Croii moKpsITUS Marepuan nokpbeITUS MM
1 1 - BEICOKOTBEPIbIii I1'"CP4 30% + WC 70 % 2
2 - TBepIbIi (HYKHUM Hapy>KHBIH) [Icp4 3
2 1 - BBICOKOTBEpIbIT [IT'"CP4 30% + SiC 70 % 2
2 - TBepbIi (HIKHUI HapyKHBII) [rcpe4 3
Tabnuua 4 — CoctaB MaTepHaIoB MOKPHITUI 00pa3lioB
Marepuan nOKpbITUS XUMUYECKUH cOCTaB, %o TBepnocts | OTHOCHUTENB-
C Si | Mn | Cr [Tpoune CIINTKA, Has U3HOCO-
HRC CTOMKOCTB*,
€
[1I"CP4 0,47 10,25]0,67 | 0,14 — 47 1,7
wC 0,65 [0,25| 1,0 [ 0,24 | Ni-0,20 ~90 1,9
Cu-0,18
SiC <04 | - - - Fe <0,7 ~90 1,9

* abpasuB - KBapueBbie 3epHa pazmepom 0,16...0,32 mm

BoccranoBnenue pabounx nmosepxHocren nuauHApoB Asurateneit KAMA3-740 ¢ moMoribio
IIJIA3SMCHHOI'O HAHCCCHU A HOKprTI/Iﬁ C MOIIYHSII_[I/ICI\/'I MOIIIHOCTH HJIa3MOTp0Ha H UCITIOJIBb30BAaHHUS pe-
TYJUPOBAHUSI TEPEMEHHOTO COCTaBa IMOKPBITUS TO3BOJIAJIO TIONYYHUTh TEXHHUKO-DKOHOMHYECKH
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108000 p. mpu rogosoii mporpamme 1000 en1. B cpaBHEHHH € TEXHOJIOTUEN TPATUIIMOHHOTO I1JIa3MEH-
Horo HambuieHHs. OleHKa CpOKa IKOHOMHYECKOW OKYITaeMOCTH 3aTpaT Ha HAaHECEHHE M3HOCOCTOM-
KHX MaTepPUAJIOB MOKPBITUS Ha PEXKYIIHE KPOMKH COCTaBHJIA | TOJ C Y4€TOM IMOBBIMICHUSI pecypca
JIEMEXOB MIPH CHIKEHUH TATOBBIX YCHIIUH (M COOTBETCTBYIOIICH MOITHOCTH U PAOOTHI) JIBHIKUTEIISL.

4 O0cy:xneHMe U 3aKJII0YeHHue

VYipaBieHre COCTaBISIIONIMME KOMOWHHMPOBAHHOTO TPOIECCa IUIa3MEHHOTO HAHECEHHS |
YIIPOUHEHUSI OKPBITHIA MEPEMEHHOTO COCTaBa C MCHOIb30BaHHEM MOAYJISIUHU TTapaMeTPOB MO3BOJISAET
obecrieunBarh 3aJaHHYIO JIOJITOBEYHOCTh H3HAIIMBAEMBIX IIOBEPXHOCTEH TPEHUSI M CONPSHKCHUI:

— JUIs AeTajIel ap TPEHHUs C TOMOIIbI0 KOMOMHUPOBAHHOTO MPOIecca ITa3MEHHOTO HAaIbUICHHU -
HAIUTaBKU caMO(MITFOCYOIIETOCs MTOPOIIIKA IEPEMEHHOT0 cocTaBa Ha ocHoBe Ni, Cr ¢ BapuarmsiMu B u Si
1 MOCTICTYIOMICH TEPMO- WK AIEKTPOMEXAHUIECKOM 00pabOTKH;

— JJIS PSKYIIUX KPOMOK pabOYMX OPraHOB C IOMOIIIBIO TUIa3MEHHOMN HAaITaBKH ITOPOIIKOBON CMECH
TIEPEMEHHOTO COCTaBa, BKITFOYAroIero camodirrocyrormiics: moporiok Ha ocHoBe Ni+Cr u WC mm CrC.

Ananm3 uHOpMAIMKM 10 TEXHOJOTHSAM BOCCTaHOBJICHUs wmHApoB JIBC aBTOomMoOMIIEH
HAaHECEHUEM IMOKPBITHIA MOKa3aJl OTPaHUYEHHOCTh TPAJAUIMOHHBIX TEXHOJIOTUN MO WX MPOU3BOIHU-
TEJIBHOCTU M Ka4E€CTBY MOJy4aeMbIX MOKPBITHI. K 4UCITy OCHOBBIX IPUYHMH YKa3aHHBIX HEJJOCTATKOB
SBIISIIOTCS TO, PaHEE HE YUUTHIBAJIACh BO3MOKHOCTh 00ECIIEYEeHNUsI pABHOMEPHOCTH M3HAIIIMBAHUS pa-
Oouell MOBEPXHOCTH WIMH/PA HAa BCEX €r0 Y4aCTKaX, YTO HE TO3BOJIUIO YBEIUYUTh PECYPC IIUINH-
apa. JlanHyro 3aaqy MPEAyioKEeHO peliaTh peryJInpoBaHUEeM A00aBICHHS BEHICOKOM3HOCOCTOMKOTO
MOPOIITKA K OCHOBHOMY MEHEE W3HOCOCTOWKOMY MOPOIIKY B 3aBUCUMOCTH OT MTPOIOJILHON KOOPIH-
HATHI WIMHIPA. Mcrionbp30BaHe P 3TOM PEryIMPOBAaHUS CKOPOCTH MO/Ia4H TUIa3MOTPOHA MO3BO-
JsieT 00OMTHCh 0e3 omnepanuy NpeABapUTEeNbHOr0 NUTM(GOBAHUS Mepe]l HAalbUICHHEM MOKPBITUS U
YMEHBIIUTD TPYIOEMKOCTh ITOJYUSHHSI TOKPBITHSI, @ TAK)KE CHU3UTH PACXO0JT TOPOIIKOBOM CMECH.

[TpensioskeHO COBEpIICHCTBOBAHME IJIA3MEHHOI'O HAHECEHUS! TOKPBITHI C TOMOIIBIO HCIIOJIb-
30BaHMsI MOTYJISIIIAA MOITHOCTH TUIA3MOTPOHA ITPH BOCCTAHOBJICHUHU IIMJIMHPOB, YTO MTO3BOJISET O-
BBIIIATh MPOYHOCTH COEMHEHNUS TIOKPBITUS C OCHOBOM /10 33/1aHHBIX 3HAYCHUH.

Pesynbrarhl mccrenoBaHMil OKa3aIM 3aMETHOE MPEUMYIIIECTBO HOBOTO METOZA TIa3MEHHOTO
HAHECEHUsI OKPBHITHI ¢ MOAYJISLIMEN MOIIHOCTH IJIa3MOTPOHA B CPABHEHUH C TPAIULIMOHHBIM I1J1a3MEH-
HBIM HaIbUICHHEM, 3aKITIOYAIONIEECs B CHIDKEHHUHN Y/IeTbHBIX ITPON3BOACTBEHHBIX PACXOJIOB Ha MX BOCCTa-
HOBJICHHE, B TOM YHCJIE 32 CUET MCMOJIb30BAHMS MIEPEMEHHOTO COCTaBa MOPOIIKOBOM CMECH IPH HallbLie-
HUH, Ha 19 % 110 cpaBHEHUIO C TPAJULIMOHHONW TEXHOIOTHEN C 3aMETHBIM SKOHOMUYECKUM 3P PEKTOM.

JIByX- 1 MHOTOCJIOMHBIE PEXYILIHE HIEMEHTHI pa00vnX OPraHOB MAIlIKH ITO3BOJIIOT 00€CTIeUNBaTh
TIOBBIIIIEHUE UX N3HOCOCTOMKOCTH M CTAOMIIBHOCTH Ka4eCTBa BBITIOIHAEMBIX paboT 3a cuet ¢ dexra camo-
3aTauMBAEMOCTH, BCJIEACTBUE YETO 00ECTIEUMBACTCS CTAOMIBHOCTB TATOBOTO CONPOTUBIICHUS M TOTPeOIIs-
€MO#1 MOIITHOCTH JBIKUTENS. JIabopaTpHbIe rccienoBaHus M3HAIIMBaHKSI 00pa3IioB u3 ctanu JIS3 6e3 mo-
KPBITHIA U ¢ KapOMIHBIMH TOKPBITUSIMU B YCJIOBHSIX TIECUaHOM Cpe/ibl OKA3aIX MOBBIIIEHNE H3HOCOCTOMN-
KocTH nocneqHux B 1,5 u 6osee pas. [Ipu sTom npoduits ceuenust 1e3Busi He MEHsUICS (YroJl MEeXy KpOoM-
KaMmu Jie3BUsI He MeHsuics). OreHKa cpoka S5KOHOMHYECKOH OKYMaeMOCTH 3aTpaT Ha HAHECEHUE M3HOCO-
CTOMKHX MaTepUaJIOB TIOKPBITHS COCTaBMIIA | TOJT C y4ETOM TOBBIIICHHS PeCypca JIEMEXOB TIPH CHIKCHUH
TSTOBBIX YCUJIMHA (M COOTBETCTBYIOLIEH MOIITHOCTH M paOOThI) IBUKUTEIIS.
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