MIHICTEPCTBO OCBITH I HAYKH YKPATHH

HamionanbHuit yHiBepcuTeT «3anopi3bKa MOMTEXHIKa»

METOJINYHI BKA3IBKH

110 BUKOHAHHS 1abopatopHoi podotu Neb
3 MUCTIUILTIHY «l a3omomyMeHneBa o0poOKa MaTepialiBy» It CTyISHTIB
cnenianbHocTi 131 «[Ipuknagna Mexanika» ycix ¢opM HaBUaHHS

2019



MeToau4Hi BKa3iBKH 10 J1aOopaTOpHOI poOOTH Neb 3 MUCIMILIIHK
«l"a3omomymeHeBa oOpoOKa MaTepiaiiB» JUIsl CTYACHTIB CIIEHiadbHOCTI
131 «Ilpukmagna mexanika» ycix ¢opm HaBuyanHs / Yki. O.€. Kamycrss,
M.O. Kocriok. — 3anopixoksa: HY «3anopizpka nomitexnikay, 2019 — 10 c.

Vknagaui:
Kanyctan O.€., kaHa. TexXH. HAyK, TOLCHT
Koctrok M.O., 3aB. 1a0.

Penensenr: KynukoBcbkuii P.A., kKaHA. TeXH. HayK, JOLIEHT

I'omoa metoamunoi komicii kad. OT3B
I. ¢. H., mpod. C.M. Ilonos

Penaktop: Asepuenxo LIL., ct. 120

BinmoBigansHUit 32 BUITYCK:
Kamyctsau O.€., kaHa. TeXH. HAYK, TOICHT

3aTBEpAKEHO
Ha 3aciganHi kapenpu OT3B
ITpoTtokon Ned Bix 14.11.2019 p.

Pexomennosano
1o sunanaga HMK 1O D
ITpotokon Ned Bix 10.12.2019 p.



1 META POOOTH ..ottt nn e e
2 3aTAITBHI TIOTIOMKECHHST - .. vvereveeresnteesteesseesteessseasseasseessessaeesaeesasesnsesssesssesssns
3 KoHTpOoJIbHI 3aITUTaHHS I CAMOTIEPEBIPKH 1 KOHTPOITIO

MiATOTOBICHOCT] CTYIEHTIB IO POOOTH .....vvevveiieririiiieeieetee st
4 Matepiany, iHCTPYMEHT, IPHIAAN, OOTATHAHHS «...ocvvererreerrenreseesresreennens
5 BKa3IBKH 3 TEXHIKH OCBIICKH .....veevvieriaieiateesieesiessiressteaseesseesseessnessneasseens
6 ITopsaoK MPOBEACHHS TA0OPATOPHOT POOOTH ...vvvevverereirreerieesieesineaseeneeens
7 BMICT BBITY ..veveereareestesteeseesesteessesseeseesbesre e s sbeese e ne st e nnesre e e e sreeneenesneenn e
PEKOMEHIOBAHA JIITEPATYPA «...vevveenreieeieeresieesresreasse st sseesnesneennesnesseesresseennens



1 META POBOTH

BHBYNTH  KOHCTPYKIifO, TNPUHOWN Jii  yCTATKyBaHHS  JUIs
ra3onojyMEHEBOTO HAMWICHHS, TEXHOJIOTIEF0 HAHECCHHS IOKPHUTTIB.
OLiHUTH BILTUB SIKOCTI MiATOTOBKH MTOBEPXHIi HA aJIF€3it0 MOKPUTTSI.

2 AT AJIBHI NOJIO)KEHHSA

Tazorepmiune Hanmtenus (anrt. Thermal Spraying) — oxepsxamus
HOKPUTTA 13 HAarpiTuXx Ta TPUCKOPEHNX YAaCTHHOK HAIMIIOBAHOTO
Marepiary i3 3aCTOCYBaHHSIM BHCOKOTEMIIEPAaTypHOTO T'a30BOTO CTPYMEHH,
B pe3yNbTaTi 3ITKHEHHS SKUX 3 OCHOBOIO a00 HAIWICHHM MaTepiasoM
BimOyBaeThCcsl 11X 3'€HAHHA 3a paxyHOK 3BaplOBaHHS, ajaresii Ta
MEXaHIYHOT'O 34EIUICHHS.

l'azoTepmiuHi  TOKPUTTS  3HAXOAATH BCE  OUIBII  LIMPOKE
3aCTOCYBaHHs TIpH BiAHOBIICHHI pO3MIpiB CHpalbOBaHUX JeTaned i
HAHECeHHI Ha X MOBEPXHIO IIApiB 31 CIEUiaThbHAMU EKCILTyaTalliiiHIMH
BJIACTHBOCTSMHM - 3HOCOCTIHKICTIO, KOPO3iHHOI CTIHKICTIO, BHUCOKHUMHU
AHTU(PPUKIIHHAMYU BJIACTUBOCTAMH, TOIIO. HaHECeHHs TaKMX MMOKPHUTTIB
IUIIXOM HaNWICHHS Yy TOpIBHSAHHI 3 HAIUIABICHHSAM Ma€ HaCTYIHI
nepeBar:

—  TIOKPUTTS MOXHAa HAaHOCHTH Ha BHPOOM 13 Oyab-sSKHX
MmarepiaiiB (MeTanu, 6ETOH, KepaMiKy, CKIIO, TiIlC);

—  HaIWIIOBaTH MOKHA SIK METAJIeBl, TaK 1 HEMETAIEBI MOKPHTTS
3 OKCHUJIiB, eMaJieid, oJIiMepiB, TOIIO;

—  MpaKkTWUYHA BiJICYTHICTh MPH IbOMY HATPiBY JIeTallCH.

[lpu HammroBaHHI ApIOHI YacTKWM MaTepiany, NMPHU3HAYEHOTO IS
YTBOPEHHsSI TOKPHUTTS, HArpiBalOThCS JIO TeMIlepaTypyd IUIaBICHHS 1
MOTOKOM Ta3iB 3 BEJMKOIO HMIBHJIKICTIO HAHOCSATHCS Ha TIOBEPXHIO BUPOOY, 3
KO0 BOHM 3YIIUTIOIOTBCS 32 paxyHOK CHJI aires3ii 1 MexaHi4HOro
3aKJIMHIOBAHHS B MIKpOHEPIBHOCTSX. He AMBISYMCH Ha claOKe 34eruieHHS
TaKUX TIOKPUTTIB 3 MOBEPXHEI BHPOOY, BOHH BiJ3HAYAIOTHCS BHCOKOIO
Npane3AaaTHICTIO B yMOBaX MPECOBUX IOCAIO0K CIPSDKEHUX MMOBEPXOHb, IPH
TEPTi KOB3aHHAM, KOPO3iHHMX BIUIMBAX, TOLIO. TOMY 3aCTOCYBaHHS TaKUX
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MOKPUTTIB CHPHUSE ICTOTHOMY TiABUINEHHIO PAIle3JaTHOCTI JIeTaleH.

Cepen BiTOMHUX 1 HAHOUTBIT PO3MOBCIOIKEHUX CITOCOOIB HAaHECCHHS
ra3oTepMiYHUX MOKPUTTIB: AYTOBOTO, IIa3MOBOTO, Ta30BOTO - OCTaHHIH
BlA3HAYa€THCS MOOUIBHICTIO, MIPOCTOTOIO o0IagHaHHA, 11 (0]
BUKOPHCTOBYETHCS, 1 KpallUM{ CaHITAPHO-TITIEHIYHAMH  YMOBAMH
BUKOHAHHS TMporecy. | Xo4a MIIHICTh 34YEIUIEHHS HAaHEeCEHUX ImapiB i
NPOAYKTUBHICTh Ta30MOJyMEHEBOTO HANMWJICHHS HIKYa Yy TOPIBHSHHI 3
IHIIUMH, LEH MeTOoJ 3HAXOAMTh IIHUPOKE 3aCTOCYBAHHSA IJISI HAHECEHHS
MOKPUTTIB 3 MaTepiamiB, sKi MalTb TEMIIEpaTypy IUIaBICHHS MEHIIe
2000° C. TyromraBki MOPOUIKOBI MaTepiajl HAHOCITH MEPEBaKHO
TUTa3MOBHM CIIOCOOOM.

IIpu razomomymeHeBOMy CIOcO0i Marepiai, IO HAIHITIOETHCS,
PO3IJIABISAETECSA 32 JIOTIOMOTOIO alleTHICHO-KHCHEBOTO, a00 MpOMaHo-
KHUCHEBOTO MOJIyM's, B CEPEHIO 30HY SIKOT'O BiH MOJAETHCS Y BUTIISAII IPOTY
ab6o mopomky. IlopomkoBi po3muiIOBadi € YHIBEpCAIBHUMH 1 OUTBII
PO3IIOBCIOUKEHUMH, OCKUIBKM Yy BHIVISAI MOPOIIKY MOXXHA BHUTOTOBHUTHU
Oyap-sikuii Matepiasl. Y BHIIISAI APOTY TPUCAAKY MOKHA BUTOTOBUTH
TITPKA 3 IUIACTHYHUX MarepianmiB. ToMmy JpoTsSHI MeTalizaTopu
Bi3HAYAIOTbCA 3HAYHO MEHIIMMH MOXIIMBOCTSIMH 3 TOYKH 30Dy
HOMEHKJIaTypH MaTepialiB, IO BHUKOPUCTOBYIOTHCS, XOY IOKPUTTA,
HaNWJICHI JPOTSHUMH METali3aTopaMH, MalOTh OUIBII BUCOKY 1 cTaOiIbHY
SKICTb.

Jliisi HaHECEeHHS Ta30110JyMEHEBUM CIIOCOOOM TOKPHUTTIB 13 METaiB,
OKCH[IIB, KepaMiKu BUKOpPHUCTOBYIOTh yctaHoBku YITIT, VIIH-8-68 i
anapar "Moryn-9". lo cknany ycranoBok YITIT ta YIIH-8-68 Bxozmsts
HaIWJIIOI0Yi MaJIbHUKH, MOPOIIKOBI )KUBUJIBHUKU 1HXKEKTOPHOTO THITY, SIKi
MiIKITIOYAI0THCS 10 HANMJIIOIOYMX MATBHUKIB 32 JOTIOMOTOIO IIUIAHTIB JUIs
TPAaHCIOPTYBaHHS TOPOMIKY, a TakoX nanpHUKIB Ty ['C-4 3
0araTocoIOBUMU MYHIIITYKaMU JIJ1s1 OIJIABJICHHSI TOKPHUTTIB.

B amaparax "Moryn-9" wmanorabapuTHa €MHICTh 3 IOpPOIIKAMH
po3TalioBaHa Ha KOPITyCi PO3MIIIOIOYOrO MalbHUKA, 10 POOUTH HOTro
01sp11 MOOITEHUM y IOPiBHAHHI 3 ycraHoBkamu YIIH-8-68 1 YITIT.

TexHiuHi jgaHi ycTaTKyBaHHS JJs HalWJICHHS HaBelIeHI B
Tabmui 2.1,

Haii0inpm mmpoke 3acToCyBaHHS BKa3aHi MOPOIIKOBI amapaTH
3HAWIIIM TIPH HAHECEHHI 3HOCOCTIHKMX MOKPHUTTIB 3 XPOMOHIKEIEeBUX
cruiaBiB, JneroBaHux Oopom 1 kpemuieM (X18H80CP+X15H75C5PS5),
aAre3iiHUX  HIKENb-aTFOMIHIEBMX  IPOLIAPKIB 13  TEPMOPEaryrdoro



nmopomky (HA-67) 1 KapocTiHKMX IIOKPHUTTIB 3 OKHCIIB ATIOMIHIIO.
TTokpHUTTS 13 XpPOMOHIKETEBUX CIUIaBiB 3 0OPOM 1 KPEMHIEM BilI3HAYAIOTHCS
Bucokoto tBepuicTio (HRC 35+65), MaioTh BHCOKY KOpO3iiiHy CTiHKICTh B
pI3HUX CepeloBHIIAX 1 TOMY CIPHAIOTH ICTOTHOMY IIiJBUILEHHIO
Mpane3IaTHOCTI JeTaneil mpu abpa3swBHOMY 1 KOpPO3iHHO-MEXaHITHOMY
3HOIIYBaHHi.

Tabmuus 2.1 - TexHiuHi AaHi yCTaTKyBaHHS JUIs Ta30T0JTyMEHEBOTO
HAITMJICHHS

Po6oui rasu ) MakcumanbHa
Hasga Matepiall, WO HAMMIOETECS | 11 nveryp-
BuTtpa- :
YCTaHOB HICTB
xka | U 3 Bun Fp'aHme- HAITWJICHHS,
M /Tox 1is1, MM KT/TOX
VIIH-8-|C,Hy| 1,7 MeTaj 0,04+0,15 10
68 0, 2,2 |kepamika (Al,03)|0,03+0,07 1,5
CoHy| 1,3 MeTaj 0,03+0,16 12,2
YITT : ,
O, | 2,5 |kepamika (Al,03)|0,03+0,07 2,5
Morvi-9 C,H,| 0,95 MeTall 0,04+0,12 8,0
Y0, | 1,7 [xepamixa (Al,03)0,03+0,06 2,2

TexHoNOTiYHMI TpoLeC HaHECEHHs MOKPUTTIB BKIIOYAE HACTYITHI
orepariii:

1 Ounctka noBepxHi BUpoOy Bix Opyny i MacTuia.

2 AxTuBallis TIOBEpXHI BUPOOY 1 CTBOpPEHHS Ha Hil MIEPIIABOCTI 3
R; = 25+100 MM s 3a0e3nedeHHs] MIIIHOTO 34YeIUIeHHS MaTepiaiy, o
HaITWTIOETHCSL.

3 3amyck B Air0 majgbHMKaA amapary Oe3 mojadi MOpOUIKY i Mimirpis
fioro ¢Qakerom moaym'ss moBepxHi BupoOy nmo t = 100+-200° C. Moxna
HarpiBaTH JeTalb i HITNMH JDKEpEIaMH TeIuia.

4 HanopoureHHs MOBEepXHI BHPOOY /0 OTpUMaHHS HEOOXiTHOT
TOBIIUHU TIOKPHUTTS 3 YPaXxyBaHHSIM MPHUITYCKY Ha MeXaHIuHy 00poOKy.

5 KoHTpob SKOCTI HOKPHUTTSL.

IIpn HEOOXigHOCTI, HAa MiATOTOBIEHY MOBEPXHIO BUPOOY, Mepesn
HAMMJICHHSM pO0OYOro Miapy TOKPUTTS, HAHOCATH aire3idHuid Imap
roBmuHo 0,1+0,15 MM 3a J0MOMOIrOH TEPMOPEAryHuoro HiKelb-
amominieBoro nmopomky (HA-67, [TH851015).

PobGoue MOKpUTTSI OTPUMYIOTH 3a JEKUIbKA TPOXO/dIiB TOHKHMH



mapamu, Aki He nepeBuiryoTh 0,3 mMM. [lapameTrpu pexumy HamwieHHS
MOBMHHI  3a0e3medyBaTH OJIep’KaHHS BHCOKOI SKOCTI TOKPHUTTS 3
NOTPIOHMMHU eKCIUTyaTal[ifHUMHU BJIACTHUBOCTSMHU. PeXWMH HalMJICHHS
miAOUpaloThes 3a3JaleTib Ha TOCTIIHUX 3pa3Kax.

Ha roroBomy BHpOOi SKICTh TOKPUTTS OLIHIOIOTH 32 30BHIIIHIM
BUTIIAZIOM, @ TAKOXK IIIIXOM OOCTYKYBaHHS.

[Tokputtss Mae OyTH LIUIBHUM 0€3 KPYMHOTO HAaOpW3Ky, y BUTIISAL
IpiOHOTO HaXAadyHOTO marmepy. B HbOMY He MOBHHHO OYyTH TpIIIWH,
mignanuH (TeperpiTux 30H) 1 BigmapoByBaHb. HeBumumi it oka
BiJIIIapyBaHHS BHU3HAYAIOTh MPOCTYKYBAaHHSAM (3'SIBISETHCS NIE€PECHUWIMBHN
3ByK). [Ipu HasiBHOCTI Takux Ie(EKTIB MOKPUTTS OpaKy€eThCA.

3 KOHTPOJIBHI 3BAITUTAHHS AJIA
CAMOIIEPEBIPKH I KOHTPOJIIO
NIATOTOBJEHOCTI CTYAEHTIB 10 POBOTH

1. Cytp nmpollecy HamWICHHS TIOKPUTTIB  Ta30MOJTyMEHEBUM
CIIOCOOOM.

2. Bynosa i BIacTUBOCTI MIOKPUTTIB.

3. KoHcTpyKIis nanbHUKIB JUIA HAITMIICHHS.

4. Slka TeXHOJIOTiS HAHECCHHSI TIOKPUTTIB?

5. Slki ¢akTOpH BIUIMBAIOTH HA SAKICTh TIOKPHUTTIB?

4 MATEPIAJIM, IHCTPYMEHT, IPUJIAIUA,
OBJTATHAHHSA

Vcranoska YIIH-8-68;

Amnapat "Moryn-9";

I"azoBinOipHUii mocr;

TexHiuHi macnopTu YCTaHOBOK;

[opommoxk I1I"-10-H-01 (80X 17H75C4P3);
[TmacTuHYM 3 MaJIOBYTJICTIEBOI CTaITi:

— HEOYMILEHA;

SuhrwdE



— ouumieHa nnTidhoBaHa;
— OuYHIIeHa 3 MIKPOPeThEPOM MICIIsI CTPYMEHEBOT 00POOKH.
7. MOIOTOK, HIX.

5 BKA3IBKH 3 TEXHIKHA BE3IIEKHA

1. PoboT 1O HAHECCHHIO Ta30TEPMIUYHUX TOKPUTTIB MOXKHA
MPOBOAWUTH HA poOOYOMYy Micmi, 00JaJHAHOMY BHTSKHOIO mador MpH
BBIMKHEHIH BUTSDKHIN BEHTUIIALIT.

2. PoboTu mpoBoauTH TMmiJ HArIAAOM Y400BOro Mamctpa abo
nabopaHTa.

3. Ilpu mpoBelcHHI HANWICHHS KOPHCTYBATHCS 3aXHCHHUMH
OKYJISIpaMH, XaJaToM, papTyxom.

4. Tlpu 3anamoBaHHi TOXYM'Ss MYHIIITYK PO3MUIIOIOYOTO MaThbHHUKA
HAIMpPAaBJIATH Y BUTSDKHY 11ady.

5. 3amyck yCTaHOBKM B Jit0 1 1I BUMHUKaHHS 3IIHCHIOBATH CTPOTO
BIJITIOBI/THO /IO BUMOT TEXHIYHOT'O MACIIOPTA.

6. bpatn pykamMu HamopoIIeHi AeTami MOXKHA TIMBKH Mchs iXx
MMOBHOT'O OCTUTAHHSI.

6 MOPSJTOK MPOBEJIEHHS JABOPATOPHOI
POBOTH

1. BuBYMTH KOHCTPYKITit0, MPHHIIMI il 1 TOPSIIKOM 3aITyCKY, 3T1THO
TEXHIYHOr0 macmopTa, B podoty ycranoBku YIIH-8-68 i amapara "Moryi-
9".

2. Migkmountn amapatr "Moryn-9" ngo ra3oBindipHOTO TOCTa,
3acUIAaTy MOPOILIOK B MOPOLIKOBUH KUBWIIBHUK 1 3A1IMCHUTH IyCK anapaTa
B pOOOTY.

3. BcraHoBUTH TIOpYY TpW IUIACTUHH 3 PI3HOIO MiJATOTOBKOIO
NOBEpPXHI 1 TMpoBecTH 1X HANWICHHS, PIBHOMIPHO MEpeMillyl0un
ra3onopoUIKOBUH (akes 1Mo BCii MOBEpXHi IJIACTHH.

4. Buxmountn amapat. [licns ocTUTaHHS IUIACTHH OLIHUTH SIKICTB



MOKPUTTS 30BHINIHIM OTJISIIOM, a HOro ajire3iro — MPOCTYKyBaHHSM,
JIpSTIaHHAM HOXKeM. 3pOOHTH BHCHOBOK ITPO BIUIMB MiATOTOBKH ITOBEPXHI
Ha AKICTh TIOKPHUTTSI.

7 3MICT 3BITY

Buknactu MeTy poOOTH, TEXHOJIOTIF0 HAHECEHHS MMOKPHUTTIB, CXEMY
KOMIIOHOBKM YCTaHOBOK JUIsi HAllWJICHHS Ta IX TEXHIYHI JaHi, ONUCATH
MIPOBEICHI eKCIEPUMEHTH, JaTH aHalli3 OTPUMaHUX PEe3yNbTaTiB, 3pOOUTH
BHCHOBKH TI0 pOOOTi.
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