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KOPO3IMHUM 3AXVCT CTAAEBUX IIUCTEPH AAS 3BEPITAHHS PIAKKIX
PAAIOAKTHMBHHMX PEHOBIMH HA ITAABYYMX CITOPYAAX

Kasumupenxo IOnisz Onexciiena
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Excnepumenmanvo 0ocnioneHo mexaHismu Kopositinozo pyiiHy8aHHs MemMAnoCKIAHUX efleKmpo0y208ux NOKPUMmie Ha 0CHOB8i
Ce-08I2C i Ce-AMe5 8 ymosax XiMiuHO aKmMueHux cepedosuli; NoKA3aHo JOUINLHICMY IX 3aCMOCY8AHHS O 3aXUCY CMAIeBUx

yucmepH, NPUsHAUEHUX 071 30epiedHHS PadioaKMUsHUX PeUOSUH.
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There have been experimentally investigated mechanisms of corrosive destruction of metal-glass electric-arc coatings based on Sv-
08G2S and Sv-AMg5 in conditions of chemically active environment; shown the expediency of their application for protection of steel
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ITocranoBka mpoOmemu. CydacHWIT [OCBif IlepeBe3eHH:
pafioaKTMBHUX PEYOBVMH BOJHVM TPaHCIOPTOM, BUKOHaHHA
iIBOIHUX POOIT, OB sI3aHNUX 3 HiVIOMOM paJioaKTUBHUX Bifi-
XOJiB 3 MOPCBKOTO JiHa Ilepefdadae eKCIUTyaTallilo clieniamiso-
BaHUX CY/I€H Ta IUVIABY4YUX CIIOPY/ AK IIYHKTIB II€pEeBaHTAKEHH
Ta TUMYacoBOro 36epiraHus. [lo pigkux pajioakTMBHUX Bifi-
xopiB (PPB) BifHOCATBCS peakTOpHi Ta CTiYHI BOJY, MacTWUIA,
eMY/IbCil, AKi HAaKONMYYIOTbCA Ha aTOMHMX €IeKTPOCTaHIifX,
00OpOHHNX, XIMIYHMX Ta FOPHO-XIMi4HMX KOMOiHaTax, 06’ek-
Tax IiJJBOJHOI TEXHIKM, B MEAVYHMUX Ta HAYKOBO-IOC/IiJHALIb-
KIX 3aKJIa/jaxX, Bixony pagioxiMivaux ta 6iodisnunnx mabopa-
TOPIi, IPORYKTU 3a0pyQHEHHA (MUIOUi 3acO00M, MOPCbKa BOJiA,
KOpO3iliHi ocafiky anapaTypy BaHTQKHUX CUCTeM). binpuricTs 3
HUX MAaIOTh CK/IQIHUII pafioHyKIIiHMil Ta XiMigHM cKtag [1, 2].
B ocHoBHOMY 1ie papionyxtifu ’Cs, P*Cs, *Sr, °Co; Hepapio-
aKTMBHI COJIi 3 KOHIIEHTpaIji€ew Ko 32 Ir//1; TEXHONMOTiYHiI po3un-
HU, AKi MICTATH CyMillli paflioaKTMBHMX i30TOIIB COMet, PisHNX
e/IeMEeHTIB Ta KUC/IOT; HAQTOIIPORYKTH 3 KOHIIeHTpauiexo 70...90
mr/m’;. TpancnopryBanHA PPB B mycTepHax cyIpoBOIKYETbCS
KOPO3IIHMMM TOIIKOIKEHHAMN, fIKI B IOE€JHAHHI 3 pafioak-
TUBHICTIO BAHTAXIB, 1[0 II€PEBO3ATHCA, MOXKYTb IIPUSBECTU IO
YTBOPEHHs KPUXKUX TPIilllVH; PYMHIBHOIL /il HaflalOTh 11 [I€3aK-
TUBALiHI po3uuHM, AKi MICTATb po3umHM KuUCIoT [3, 4]. Tomy
3a0esIIeueHHs KOPO3ilfHOTO 3aXNUCTy € BaXIVBJM TEXHOJIO-
riYHVM 3aBJaHHSM, BUPIIIEHHs SIKOTO IIOB si3aHe 3 BM3HAYeH-
HAM METONY 3aXICTY, BI/I60p0M MarepiaiB, JOCTIIPKEHHAMHA IX
IIOIIKOIKYBAHOCTi, PO3p0OOKOI0 MPODiIaKTUIHNX 3aXOHiB.
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AHai3 ocTaHHIX fjocmipKenb Ta my6ikanii. [ s6epiran-
HA PPB Ha mmaBy4mx crnopypjax 3aCTOCOBYIOTb BK/IaJHi IMTiH-
IOpUYHI CTaJIeB] IVICTEPHN, BUTOTOBJIEHI 3 IETOBAHNX HEPKABiIO-
4yyxX crajeil aycreHiTHoro xmacy (12X18H9T, 12X18H10T,
12X18H12T) abo HmsbKomeroBanux crajueit (3okpema 09I'2C).
JIns cTBOpeHHA paflioaKTMBHOTO 3aXMCTy BK/IaJjHi CTa/leBi M-
CTEPHY OTOYYIOTb OCTOHHOIO 3a/IMBKOI0 Ta 30BHILIHIM KOp-
mycoM i3 mrakoBaHoi ctami (puc. 1) [5]. Ilig wac excruryaranii
KOpIyC LUMCTEPH IifIiAra€ aKTUBHUM KOPOS3iIHMM IIpouecam
Ta CTa€ JDKEPEeIOM BTOPMHHOIO PEHTI€HiBCHKOTO BUIIPOMi-
HIoBaHHA [6]. CygacHWIT HOCBif 3axycTy Bif XiMiuHOI KOpos3ii
CYQHOBUX LIMCTEPH, BUTOTOB/IEHMX 3 BYIJIELIEBUX Ta JIETOBAHUX
CTajiell, BK/II0YA€ 3aCTOCYBaHHs TEXHOJIOTiN T'yMyBaHHS, HaHe-
ceHHs 1ako(apOOBUX Ta EIOKCUJHUX ITOKPUTTIB, €IeKTPOLY-
roBoi Meranisarii [7-9]. B po6oti [10] nokasaHi nmepcrekTnBu
3aCTOCYBaHHS METAIIOCK/IAHNX €IeKTPOJYTOBUX IIOKPUTTIB /ISt
3aXMCTy KOHCTPYKIiil B yMOBaxX iOHi3yIO4MX BUIIPOMiHIOBaHb.
IJe xommosuiii Ha OCHOBi 3BapIOBa/JbHMUX IJIBHOTATHYTUX
npotiB Mapok CB-08T2C Ta CB-AMTI5, HalTOBHEHNX MTOPOXKHi-
MU CKJISTHUMU MiKpocdepamu, MOpOoIIKaMyL KpUIIITaaeBoro (Ha-
TPIMICUIIKATHOTO), CBIHI[€BOMICTKOTO CKJIa; CITOCIO Ta peXxumm
HaHeCeHHsI MOKPUTTIB HaBefeHi B pobori [11]. Y mopiBHsaHHI
3 nmakodapOOBUMM TOKPUTTAMM, HAIVWIEHI MOKPUTTS MalOTh
O11bII BYCOKY afire3ilo 1o IOBEpXHi, [0 3aXMIAEThCA, MiLIHICTh
Ta CTIMIKICTh [0 MEXaHIYHUX ITOIUKODKEHb, BifICYTHICTh IIPO-
1LleciB cTapiHHA, AKi XapaKTepHi [1A noniMepi. OfHaK KOPO3ili-
Ha CTIfIKiCTh META/IOCK/IAHMX €/IEKTPOJYTOBMX IIOKPUTTIB 3a/11-
1IAETHCA HETOCTIHKEHOIO.
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Puc. 1. KoHcTpykuis 6i0/1oriqHOro 3axucTy Ha IUIaBydiil CIOpyAi: 1 — moaBiitHuit 60pT; 2 — KpUIIKa; 3 — 30BHIIIHIN KOpITyC
KOHCTPYKUII (i3 11akoBaHoi cTai); 4 — 6eTOHHA 3a/IMBKa; 5 — cTajeBa YICTepHa; 6 — PPB; 7 — mopBiiiHe nHO

Meta po60TU — BCTAHOBUTY MeXaHi3MU PYiTHYBaHHSA MeTa-
TIOCK/IAHUX €NIeKTPOAYTOBUX MOKpUTTiB Ha ocHOBi CB-08I2C i
CB-AMr5 B yMOBax XiMiYHO aKTMBHUX CepeJOBMII Ta BU3HA-
YUTY TIEePCHEKTMBM iX 3aCTOCYBAHHA I 3aXMCTY CTaleBUX
LVICTEPH, IPU3HAYEHNUX M/ 30epiraHHsA piKuX pagioaKTMBHUX
BiIXO/IiB.

Buknag ocHoBHOro Matepiamy. JJOCATHEHHS IIOCTaBIEHO]
MeTH IOB’A3aHO 3 eKCIIePMMEHTATbHIMU TOCTiPKeHHAMU KO-
PO3iiTHOI CTIIKOCTI, /11 IPOBEfeHHA AKMX 00paHO 3pasKu Me-
Ta7IOCK/IAHUX €IeKTPOJYTOBUX TOKPUTTIB Ha 0cHOBi CB-08I'2C i
CB-AMTr5, HalIOBHEHMX [IOPOXKHIMU CK/IAHUMM MiKpocdepamu
HATPiI6OPCUINKATHOTO CKJIany, MOPOIIKaMM KpHIITaIeBOTrO
(HaTpiiiCMITIKaTHOTO), CBIHI[EBOMICTKOTO CKJ/Ia, OTPUMAHUX Me-
XaHIYHUM 3[piOHEHHAM NOOYTOBUX BiIXOHiB; 00’ €MHMIT BMICT
CK/Ia y CKIafi KOMIIO3uLil — 35+7 %. MeTanocK/IAHi HOKPUTTA
TOBIIJHOIO 2 MM 3 OfHOTO OOKY HaHEeCeHi Ha CTa/leBy MigKIagKy
i3 C13 posmipom 140 x 100 x 1,5 Mmm. [Jna focnifiyKeHb BUKO-
puCTaHi nonepegHbO onmpoMiHeHi y-mpoMenamMu Co60 spaskn
[10]. B sikocTi XiMi4HO aKTMBHMX cepenoBuL; obpani 20% BoxHi
posuunn consanoi (HCI), cipyanoi (H,SO,) Ta asornoi (HNO,)
KICJIOT, SIKi Haif9acTillle BXOAATD O CKIaJy POSYMHIB [ fie-

NAUKI INZYNIERYJNE I TECHNICZNE

3aKTHUBAllii; Yac BUTPUMKM ITpy TeMiiepatypi 18 + 2 °C cknaB 72,
240 Tta 840 roguu (Bigmosiguo 3, 10 ta 35 #i6). Bigmivyeno, 1o
O3HaKV KOPO3ilfHUX ITOMIKO/KEHD 3 IBY/IVCS MIPOTATOM ITepIINX
fecsATH [1i6 3 MOMEHTY IX IIOBHOTO 3aHYPEHHS B pifike arpecus-
He cepepoBuine. B AKkocTi Kputepito 06paHo CTPYKTYpHI 3MiHI
Ta WBYAKICTh HNOLIVPeHHA Koposil 3a ¢popmynomw (1) [12], aas
BJI3HAYEHHA AKOI 3aCTOCOBAHO pe3y/IbTaTyi BUMipIOBaHHSA MacH,
AKYy BU3Ha4Ya/MM Ha aHaniTuyHux Barax GR 200.

my,—m

ST, [r/m?4] (1),

fie m, — Maca 3paska Jio BUIPOOYBaHHsA, T; M — Maca 3pas-
Ka ITC/I1 BUTPUMKI B KOPO3iifHOMY cepelloBUILi Ta BUJa/IeHHA
IIPOALYKTiB KOPO3ii, I; S — IjIoIa 3paska, M2, T — 4ac, 4.

JlocmiyKeHHA CTPYKTYPHMX 3MiH 3/1i/ICHIOBAJIVICA 3a JOIIOM-
Oro0I0 MeTOfiB ONTUYHOI MeTasorpadii Ta peHTTeHOCTPYKTYPHO-
IO aHa/Ii3y, AKi BUKOHAH] BiZITIOBiHO 3a JOIIOMOTOI0 OITUYHOTO
mikpockorry BYIOJTAM-VI ta pentreHiBcbKoro Ay pakroMeTpa
JPOH-3.

JIMHamMiKa IOIIKOMKYBAHOCTI ONPOMiHEHMX 3pasKiB Xa-
PAaKTepU3yETHCA IO3UTUBHOIO 3MiHOK MacK Ha IIEPUIOMY eTalli
(mpotsirom 10 7i6), 110 1MOB’sI3aHO 3 PO3IAJOM IPOLYKTIB KO-

K, =
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po3ii Ha IOMIKO/KEHNX AiMSAHKaX. 3a pe3ynbTaTaMyl PeHTTeHO-
CTPYKTYPHOTO aHaji3y BCTAaHOBJIEHO, WO IYXKi IPOAYKTH KO-
po3ii MaloTb ABHY CTPYKTYPY, AKa Oy/a ycllafKoBaHa Bifi IIapy
HOKpuUTTA. IIpOTATOM OCTaHHBOTO TepMiHY BifOyBaeTbCs BTpa-
Ta MaCl: y CepefHbOMY IPOTAroM 840 rofMH 3pasKy BTpaTuIn B
Maci 30...40%. Hait6inpln akTVBHe pyJIHYBaHHA I/ IOKPUTTIB

Ha ocHosi CB-08I'2C cmocrepiranocs B cepegosnmti 20% HNO,,
MaKcuMajbHa BTparta Macyu cKkiana 6/sbko 85%. [Ipu TpuBatii
BUTPMMIIi B arPECHBHIX CepPeIOBUIIAX 3PasKy eeKTPOYTOBYX
IIOKPUTTIB XapaKTepu3yTbCA Bill €MHOIO 3MiHOI0 Macy (Tabi.
1) 3 koxxHoro minimerpa iomi K' = (m-m)/S [r/mm?].

Tabmuisa 1

3MiHa Macy 3pa3KiB Py BUTPUMIIi B Pi3HMX arpecyBHMX CEPeIOBIIIAX

Km><104 3a 72 ropuny, | K x10* 3a 240 ropuH, K, x10* 3a 840 ropuH,
Bup saxucnoro mapy r/mm’ /MM’ r/mm*

HCI [ H.SO, | HNO, | HCI | HSO, | HNO, | HCI | HSO, [ HNO,
CB08I2C -2,7 | -3,6 -2,7 | +0,2 | -11,4 | +0,89 | -13,0 | -22,0 | -22,3
CB08I'2C~cki0 -3,3 | -49 -3,5 | +04 | -7,8 | +0,76 | -18,0 | -27,8 | -24,5
CBAMI5 -1,2 | -1,9 -1,1 | -0,74] -6,5 +2,6 -7,7 | -143 | -14,3
CBAMr5-cKio -0,8 | -0,9 -0,5 -0,6 | +0,04 | +0,07 | -8,8 -2,8 -8,6

O6pobKa CTaTUCTUYHNX AHNMX €KCIIEPVMEHTY [JOBEa, 10
XiMIYHMI CKIaJ, CKISHMUX BK/IIOYEHb HE BIUIMBAE HAa KOPOS3iii-
HY IOIIKOKyBaHIicTh 3paskiB. [lo BUIPOOYBaHb CTPYKTypa
METJIOCK/SIHUX €IeKTPOJYTOBUX MOKPUTTIB SIB/IsIA COOOI0
BiIIOBifHO cTajIeBy a00 a/MOMiHiIEBY MaTpuUIIO 3 piBHOMIpHO
pO3TalIOBaHMMM CK/IAHMMM BKIIOUYeHHAMHU. IIpOHMKHEHHIO
arpecUBHVX CepefOBUI BI/INO TOBIVIHN IIOKPUTTIB O OCHOB-
HOIO MeTajla CIpUsAE IMOPUCTA CTPYKTypa: IOPUCTICTh 3pasKiB
TiC/IA ONPOMiHEHHA CTAaHOBMUTDH Marbke 25 %. Takum 4umHOM, B

Ppe3y/nbTaTi eKCllepMMEeHTaIbHIX TOCTI/PKEHb BCTAHOB/IEHO Ha-
CTYIHMIT MEXaHi3M MOIUKOKYBAHOCTI MOKPUTTIB: IPOHMUKAIO-
YU B IOPUCTUI IIAP €IEKTPOJYTOBOTO ITOKPUTTS, PO3YMHI KIC-
JIOT BUK/IMKAIOTh XiMi4HY KOPO3i10 MaTepiamy MaTpuili; XiMi4HOI
HeCTPYKUii CKIAHMUX BK/IIOYEHb HE CIIOCTEPIra€ThCs, pyiiHyBaH-
HA MeTajieBOi MaTpuUILli IPU3BOANUTD JJO BUKPUILYBAaHHSA Ha OKpe-
MUX JIOKa/IbHUX AiIsiHKaX (puc.2). BcraHOBIEHO, 110 HIBU/KICTD
POSIIOBCIOMKEHHA KOPO3iifHMX mporieciB Ha ocHOBI CB-AMTr5
Ha 35...40 % HIDKYe, HDK B MOKPUTTAX Ha ocHOBi CB-08I'2C.

6

Pyuc. 2. Tonorpadis moBepxHi oIpoMiHeHNX MeTaTOCK/LTHIX €/IEKTPOyTOBMX MOKPUTTIB (X150) mic/1A BUTPUMKY B arpeCUBHIX
cepefiopuiax: a — nokputtsa komnosuiii Cp-08I2C-ckno (20%HNO,, sutpumka 840 roji, noBepxXHeBa MBUJKICTb PO3TIOBCIOf-
JKeHHSA Koposii 2,9 r/m>4); 6 — mokputta kommosuiii Cs-AMr5-cknmo (20% H,SO,, Butpumxa 840 rof, moBepxXHeBa IIBMIKICTD

PO3IOBCIOfKEHHsT KOpo3ii 3,3 r/m*4)

BrmB ckIAHMX BK/IIOYEHb Ha MeXaHI3M KOpPO3iliHOro
MIOIIKOJPKEHHA METAJOCKIAHUX €NeKTPOyTOBUX ITOKPUTTIB
BI3HAYEHO 3a Pe3y/IbTaTaMy MOPIiBHSUIBHUX BUIIPOOYBaHb He-

HarmoBHeHMX MOKpUTTiB i3 CB-08T2C i CB-AMr5 (Tabn. 2).
BcraHOBIEHO, O CK/IAHI BKIIOYEHHSA NEPEIIKOKAIOTh PYHY-
BAaHHIO MaTepiaay MaTPUIIL.

Tabmuua 2

HOBerHeBa IHBI/IHKiCTb PO3IOBCIO/IKEHHA KOpO3ﬁ Y HEHAIIOBHEHNX €IEKTPOAYTrOBIMX IIOKPUTTAX

IToBepxHeBa MIBUKICTb PO3MOBCIOIKEH-
[Tokpurts HA KOpo3ii, Km, T/M2TOf
20%HCI 20% H.SO, | 20%HNO,
Cs-0812C 1,5 2,62 2,65
CB-AMr5 0,91 1,7 1,7
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E(i)eKTI/IBHiCTI) 3aCTOCYBaHHA META/IOCK/IAHNX HOKpI/ITTiB
[IA 3aXMCTY CTAJIEBUIX IIOBEPXOHD HiI[TBepII)KYGTbCH pe3ynbra-

TaMy KOpO3iiiHUX BUNPOOyBaHb (Tabs1. 3) OpoMiHeHUX 3pasKiB
Cr3, yMOBY OIIpOMiHEHH: HaBeleHo B pobori [10].

Tabmunsa 3

KoposiitHa nomkopXKyBaHicTb orrpoMineHux maactul Cr3

Cepepnosuiie Tomorpadist moBepxHi

XapaKkTepucTKa KOpO3iliHOTro
pyiiHyBaHHA

20% HCl

x 150 (840 ropun)

IliTTiHroBa KOpo3if 3 ABHO BUPa’XEHVMU
BUpasKaMu chepuaHoi popmu posMipom
50...150 MKM

20% H,50,

x 150 (840 ropun)

ITomxomKyBaHiCTh Bi,lI6YBa€TbCH 3 yI-
BOPDEHHsAM Ha IIOBEPXHi IYXKOro oca-
my cipo-3enmeHoro kombopy. Immbuna
MMOIIKO>KeHHS CTaHOBUTD 30...40 MKM.

20%HNO,

x 150 (840 rogun)

XapakTepHi JIOKaJIbHI OiTSHKM IOLIKOJ-
>KeHb Y BUITIAAL iaM posmipom 0,3...0,5
MM, B OKpPeMMX MICIAX CIIOCTepiraeTbcs
BiJjIapyBaHHA IJIAM PA3oM 3 IIPOJYKTa-
Mu Koposii. [ToBepxHs Mae 6ypo-3eneHnit
BifiTiHOK 6e3 MeTaIeBOro O/IMCKY.

HaHeceHHA MeTa/lOCKIAHUX MOKPUTTIB Ha mosepxHO Cr3
3axuinae Ii Bii KOPO3iiHOrO pyilHyBaHHA Y PO3YMHAX KUCTIOT:
MPOBEJEHI MIKPOCTPYKTYPHi HOCIiPKeHHA JIOBENM, IO Iic/A
34YMIIEHHA KOPO3ilIHOTO 0Cay CTazieBa IIOBEPXHA 3aMMINAEThCA
HenolKomKeHow. OIiHIBaHHA XiMIYHOI CTIIKOCTI MeTasIiB 3a
necatubanpuow mwkanow (FTOCT 5272-90) mos3Bosae BigHecTU
METAJIOCK/IAH] eleKTPOAyToBi MOKpUTTA Ha ocHOBi CB-08I'2C i
CB-AMr5 o Hecrilikux. OfHaK 3 iHIIOrO OOKY BOHM BUKOHY-
I0Tb poJib Auy3iitHoro 6ap’epy: MPOAYKT KOpo3ii yTpuMyeTbcs
Ha noBepxHi CT3, IepeIkompKaoyy JOCTYI KOpo3iliHOMY cepe-
TOBHUIIY Ta FaJibMye MPOIeC PyIHYBaHHA OCHOBHOTO MeTainy. B
Ipolleci Ae3akTuBallii 3pyiiHOBaHMI IIap IOKPUTTA MOXKe 6yTM
3YMIEHNM Ta [IPU PEMOHTHO-BiIHOB/IIOBA/IBHIX POOOTAX HAHe-
CEHMII 3HOB.

NAUKI INZYNIERYJNE I TECHNICZNE

3HIDKeHHA IMOBIPHOCTI KOPO3i/HMX IOIIKOKEeHb TOKPUT-
TiB MOXKJIMBE HUIIXOM BOAATKOBOIO IIPOCOYEHHS PiJKMM CKJIOM
(TOCT 13078-81), 1m0 s1B/IsIE COO0I0 BOJHMIT PO3UMH CHUITIKATIB
Harpiro Na O(SiO,) ab6o xamiro K O(SiO,), . 3acTocysanns pif-
KOTO CK/a y XiMiYHOMY BUPOOHMIITBI MOACHIOETBCA HOTO BU-
COKOIO JIYXKHICTIO i KONMOifHO-XiMiYHMMY BracTuBOCTAMU [13].
OpHyM 3 HaBaXJIMBIIINX BIACTMBOCTEN PiJKOTO CKIa € B'A3-
Ka KOHCHUCTEHIiA Ta 3[JaTHICTh JO CaMO3aCTUTAHHA Ha MOBITPi;
B'A3KicTb cTaHOBUTD 1 I13 Ta perymoerbcs MUIAXOM 3MilllyBaHHS
CUJIIKaTHOTO PO34YMHY 3 BoAoK0. IIoKpuTTA 3 piIkOoro ckma Mo-
JKYTb HAHOCUTYICSA IIiTKOI0, KPACKOIYJIbTOM a00 IIPOCOYEHHAM.
ITponuxaroun, pigKe CK/IO 3alIOBHIOE TIOPY B IPUIIOBEPXHEBOMY
Imapi MeTaJOCK/IAHUX eeKTPORYTOBUX IIOKPUTTIB (puc. 3), 6710-
KYIOUI TOflafibllle IPOHVKHEHHA arpeCUBHUX CEPEOBUIIL.
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Pyuc. 3. Tonorpadis nosepxHi (x 350) enexrpopyrosoro nokputrts kommosuii Ce-0812C -mopoxHi ckAHi Mikpocdepn, go-

IAaTKOBO 0OPOGTIEH] PifKMM CKIIOM

Takum 4MHOM, HIap METAa/NOCK/IAHOTO MOKPUTTA Ha OCHOBi
CB-08I'2C i CB-AMr5 TOBIMHOKO 2 MM He TibKMu Ha 28...56
% mocmabioe Aio y-BunpominioBarb Co® [10], ase it 3axmimae
BHYTPIIIHIO IOBEPXHIO CYAHOBOI LuicTepHM (puc.1) Bif koposiit-
HOTO pyliHyBaHHA. [lepeBaramu eeKTPORZYTOBOTO HAIVIJICHHA
B yMOBaX CYJHOOYHiBHOTO BMPOOHMIITBA € MPOCTOTA, TEXHO-
JIOTiYHICTD, BifICyTHICThH 06MeXeHDb IIOI0 BUMOT, SIKi TIpel sB-
JIAIOTbCA 10 rabapuTiB Ta KOHQIrypamiit KOHCTPYKIIilT, BICOKa
IIPOAYKTUBHICTD Ta MOX/IMBICTb BUKOHYBatu pobOTH Ha Bif-
KprTux finstHkax [9]. Orprumani B po6oTi pesyabratu CIif Bu-
KOPMCTOBYBATH /I PO3POOKNM NMPAKTUIHMX PEKOMEH/ALi Ta
BPaxOBYBaTy IIPY OLiHIOBAHHI TEXHIYHOTO CTaHYy Ille Ha CTafil
IIPOEKTYBAHHA IUIABY4YMX CIIOPYA, A/ 4OTO MIKPOCTPYKTYpH
3pa3KiB MeTANOCKIAHUX MOKPUTTIB Ta KOHCTPYKUiIHMX CTa-
JIell [0 Ta MiCaA BUTPUMKMU Y arpeCUBHUX CEPEJOBUIIAX 3aHO-
cATbCA fo iHpopmaniiHo-nomykosoi cucremu «PROTECTIVE
COATINGS DATA», 0CHOBHIM €/IeMeHTOM K01 € indopmariiit-
HO-TIOIIYKOBUII MaCUB IOKYMEHTa/IbHO-(paKTOrpadiyHOro TuIry
[14]. Mo 6a3u faHUX TaKOXK 3aHOCATHCA YMOBI IIPOBEMICHHA eKC-
TIepMMEHTIB, TeXHOJIOTIYHI peXXMMI HAIVJIEHHA Ta MiATOTOBKM
noBepxHi. Enexrponna ¢popma rnopaHHs gaHuX T03BOJISIE MOPIB-
HIOBATH BIACTMBOCTI OFHYX i TUX CaMUX MaTepiasiiB 10 Ta Mic/is
BuUIpoOyBaHb, iHOpMalLii Ipo AKi BBOAUTbCA afMiHicTparo-

pom fo Tabmuie. HakmafaHHsa MIKpOCTPYKTYP [03BOJISIE 3PO-
6UTV BUCHOBKU IIJOJO MOSIBYM Ta POSIOBCIO/PKEHHS fedeKTiB,
BCTAaHOBUTY TUII KOPO3iMIHOTO IOUIKOJ KEHHS Ta HAaJlACTh MOX-
NMBICTh IPOTHO3yBaTH BIACTMBOCTI KOHCTPYKIIilL.

BucnHoBku Ta nponosuuii.

1. BcraHOB/IEHO Me€XaHi3MU KOPO3ilIHUX PyiIHYBaHb OITPOMi-
HeHux Y-mpoMeHaMu Co® MeTalOCK/IAHUX eIeKTPOLYrOBUX
HIOKPUTTIB B yMOBax BUTpUMKHU (no 840 ropun) y 20% posdu-
nax HCl, H,SO,, HNO,: nponukaroun y mOpUcTHii map enex-
TPOAYrOBOTO IOKPUTTSA, PO3YMHM KMUCIOT BUKIMKAIOTH XiMid-
Hy KOpO3il0 Marepiaqy MaTpulii, IBAAKICTh IOMMPEHHA AKOI
ctaHoBUTH 0,9...3,3 T/M>M. [IpomykTu Kopo3ii yTpuMyThC Ha
noBepxHi CT3, MepeIKompKaoyl JOCTYII KOPO3ilTHOMY cepesio-
BUIILY, i TaJIbMYIOTb IIPOLIEC PYMIHYBAHHA OCHOBHOT'O METAJIy.

2. JlogaTKOBUM CIIOCOOOM 3aXMCTY IIOBEPXHI MeTaloCKIIA-
HIX €leKTPOJIyTOBMX IOKPUTTIB € MPOCOYEHH:A PifIKUM CKJIOM,
IO 3aII0BHIOE [TOPY B IOBEPXHEBOMY IIapi, i TUM CaMMM O/IOKY€E
Mojjaiblile IPOHMKHEHHS arPECUBHMIX CEPEJOBNII.

PesynbraTu nocmimKeHb Jjali BUKOPUCTOBYIOTbCA I PO-
3pOOKM IPAKTUYHNUX PEKOMEHAALIN IOf0 3aXUCTY LUCTEpPH,
[IPUSHAYEHNX s TlepeBe3eHHs Ta 30epiraHHs pajiOaKTVBHUX
PEYOBIH, Ta IPOEKTYBAHH KOHCTPYKILiil 6i0/IOTiIHOrO 3aXUCTy
crelniaisoBaHuX CyJeH.
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MEASURING SYSTEMS APPLICATION ANALYSIS IN RAILWAY INDUSTRY
A.P. Baiduk, M.I. Kovalev, ].S. Ermakova

Measurement System Analysis in the sector of railway engineering is performed using the following methods: variance analysis;
ranges; average and range method. A number of experiments for measuring systems are carried out with coordinate measuring machines
ACCURA MASS 16/24/14 and a digital caliper. The results obtained are of universal character; and the methodology described can be

applied to other measuring systems.

Keywords: measuring piston; measurement process; coordinate measurement machine; average and range method; repeatability;

reproducibility; analysis of variance (ANOVA); range method.

Improving the quality and competitiveness of products and
satisfaction of customers are an important and urgent task for
the industrial enterprises in the conditions of contemporary
market economy. MSA (Measurement System Analysis) is
widespread in the quality management systems (QMS) of the
railway industry and is one of the basic techniques required when
introducing ISO 9001-2015 standard requirements: "Quality
Management System. Requirements" par. 8.2 "Monitoring and
measurement”; Russian National Standard ISO / TS 16949-
2009 "Quality Management Systems. Particular requirements
for the application” par. 7.6.1 "Analysis of measuring systems"
and the IRIS "International Railway Industry Standard" par. 8.2
"Measurement and analysis of the data". IRIS is the international
standard for the railway industry based on the universal standard
for the ISO 9001 quality management system. The importance
of MSA application in the industry is forced by the necessity to
increase customer satisfaction by improving the product quality.

One of the ISO 9000 methods is the fact-based decision-
making. To make a decision, first you must gather facts
(accurate information). Monitoring, measurement and analysis
are used for this purpose. However, information derived from
these processes is not always objective and accurate for various
reasons, and the use of inaccurate information leads to wrong
decisions. Thus, the normal functioning of the QMS, within
the framework of ISO/TS 16949, is possible only provided data
repeatability. Modern measurement processes are based on
complex measuring technology. Traditional approach to assess
its validity and creditability is inapplicable to it. New measuring
equipment purchasing and its introduction to manufacturing
must be accompanied by specific measurement processes surveys.
That is when MSA is of use. MSA is a collection of experiments
and statistical methods applied for measurement results validity
assessment. [1].
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Measurement System Analysis is a method designed to
prove validity and applicability of measuring systems using
quantification of their characteristics. Measurement System (MS)
is a set of instruments or tools, standards, operations, methods,
fixtures, software, personnel, environment and assumptions used
to quantify a measurement unit or fix assessment to the feature
characteristic being measured; it is also the complete process
used to obtain measurements [2].

The analyzes of the measuring systems carried out in
this article uses coordinate measuring machines (CMMs) of
ACCURA MASS 16/24/14 and a digital caliper. This CMM
has robust design due to the granite table and rigid structure
of portal made of a heat-stable composite material. All axes are
equipped with 4-sided air bearings; and the X and Y-axis guides
are completely closed from the drive side. Caliper is a universal
tool designed for high-precision measurements of external and
internal dimensions, as well as of hole depths. Caliper is one of
the most common tools of measurement due to its simple design,
ease and speed of use [3].

The present study is conducted at an industrial enterprise of
railway locomotive production. The enterprise is a manufacturing
complex with significant technical and scientific potential,
qualified personnel, extensive experience in effective cooperation
of industry with science. It also provides a unique opportunity to
create a completely new locomotive from design development to
high-quality high-end certified mass production.

Measuring systems analysis begins with its purpose and
measurement process understanding. All sources of chaotic
information and unacceptable errors should be eliminated. The
study follows Deming concepts:

- to determine the major error sources and to eliminate them;

- to allow one or more factors to change;

- to measure several times;

- to analyze actions results.
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