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MeTponormnyeckoe obecneyeHve 6eCKOHTaKTHbIX
MeTo40B U3MepPeHUA TO/ILLMHDbI MOKPbITUN

PaccMoTpeHs! 3aayy M3MEpPeHUs TONUIMHBI MOKPRITHH, UX DCHOBHBIE XapaKTepPUCTHKH,
a Takxe WHpopMaTHBHbBIE M MeIlalollye MapaMeTpPhl IPH U3MEePeHUH TONIIMHEI MOKPbITHI
WCTIONb3YEeMBIMH W MEPCHeKTHBHBIMM GeckoHTakTHeIMKM MeTomaMu HK. [poaHammsupo-
BaHa HopMaTUBHas 6a3a no MeTponoruyeckoMy obecneyeHM0 METOOOB, B TOM 4ucie Gec-
KOHTaKTHBIX, U3MEpeHUs TONIIMHBI NOKPeITUH, ChopMynupoBaHbl NpeanoXeHus 1o paspa-
60TKe HOPMATHBHLIX JOKYMEHTOB Ha pacCMOTpeHHbie BeCKOHTAKTHBIE METOMbl M3MEpPEHHUS
TONLIMHBI TOKPLITUH, KOTOPbe BYAYT yCTAHABNMBATL TPEOOBAHMS K TOMIMHOMEpPAM, Me-
paM TONMLUIMHBI NOKPLITHH, a TakXe TpeboBaHUSA K MX NoBepKe U KanubpoBke. YKa3aHbl Me-
Phl, NO3BONISAWIIME 00eCTIeYMTh eJMHCTBO U3MEPEHHWH B paccMaTpuBaeMou obnacTu.

S. S. Golubev!, N. I. Smirnova?®

Metrological Assurance of Noncontact Methods of Coating
Thickness Measurement

Today the thickness is one of the main parameters measured, determining the quality of
the coatings. In some cases the measurement of the coating thickness should be performed
using a non-contact non-destructive testing: eddy current, infrated thermography, X-ray
[radiometric and fluorescent), B-back scattering. -However, measuring instruments
implementing the above methods can not be traceable to national primary standards,
because these methods are indirect and calibration of measuring instruments must
be carried out on the coating thickness standards with known stable factors affecting
measurement accuracy the analysis of which for measuring tasks are performed.

The regulatory framework of metrological assurance of non-contact methods for
measuring coating thickness are analyzed. The analysis showed that in the hierarchy
scheme is not following type thickness gauges: dielectric coating on dielectric substrates;
ferromagnetic coatings on dielectric substrates.

Itisalso found that the normative documents on the types and methods of nondestructive
testing, which is set to the terms and definitions of the requirements, does not specify
requirements for standards and measuring instruments involved in the transfer of units
and implementing hierarchy scheme. Propositions for the development of normative
documents to the non-contact methods for measuring coating thickness, which will
establish the requirements for thickness gauge measures the thickness of coatings and
the requirements for their verification and calibration are formulated.

To ensure uniformity of measurement of coating thickness non-contact methods is
necessary except to impede the geometric also be sure to control the physical, electrical
and thermal parameters measures the thickness for each of the non-contact method at
the stages of manufacturing and verification of measuring instruments.

Keywords: thickness, coatings, coating thickness standards, non-contact, eddy-current, infrared
thermography, x-ray, measurement,

aK W3BECTHO, MNOKpbITUA — 3TO MeTannuyeckue, HeMeTannu4yecCKue He-

CNOW, WCKYCCTBEHHO MOMyYeHHbIe

Ha NOBEPXHOCTH METANIMYECKMUX
WK HEMETaNNMYeCcKUx WM3genuin, npego-
XPaHAoLWME UX OT KOPPO3UKM, M3HOCA UK
npuaaolwme UM 3ajaHHblie GYHKUUOHaNb-
Hble CBOWCTBA: NPO4YHOCTb, W3HOCOCTOM-
KOCTb, Tenno3awuTta, paguonornoweHue,
aHTUHPUKUMOHHOCTE WM ap. B 3aBucumo-
CTHU OT MaTepuana NoKpbITUA MOXHO pas-
OENWTb HA HECKONIbKO OCHOBHbIX rpynn:

OpraHuYyecKue, naKoKpacoyHble, nnact-
MaccoBble, KOMMNO3WLWOHHbIE, MOKPbLITHUA
M3 CreunanbHbix Matepuanos.

TonwmHa T NOKPbLITUA HOPMUpPYETCs Ans
KOHKPETHbLIX TUNOB M3Jenui W ABnseTcs
OAHWM W3 OCHOBHLIX W3MEPAEMBbIX napa-
meTpoB npu BoixogHoMm HK. B [1] yka3aHo,
4YTO 3ajayn MamepeHus T MOMKHO pasjge-
NUTb NO CNeaylownm Co4eTaHUAM NOKPbI-
THe/OCHOBaHuWe:
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1. peppomMarHuTHble  3NEeKTPONPOBOAR-
LMe NOKPBITUA Ha NEeKTPONPOBOARALLMX
(GeppomMarHUTHbIX OCHOBaHUWAX;

2. HebeppoMarHUTHblE 3NEKTPONPOBOAS-
LME NOKPBITUA Ha 3NEKTPONPOBOASALLMX
deppoMarHMTHbIX OCHOBaHHAX;

3. IM3NEKTPUYECKUE MOKPLITUA Ha 3MEKTPo-
NpPoBOAALLMX HEPPOMArHUTHLIX OCHOBaHHMAX;

4, heppoMarHuTHble  3NeKTPONpPOBOARA-
M€ NOKPLITUA Ha 3NEKTPONPOBOASLLMX
HedeppoMarHMTHbIX OCHOBaHUAX;
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5. HedeppomarHUTHbIe 3NEKTPONPOBOAS-
LME NOKPbLITUA HA SNEKTPONPOBOAALLMX
HedeppoMarHUTHbIX OCHOBaHMSAX;

6. AMINEKTPUYECKHUE MOKPLITUA Ha 3NeK-

TpoNpoBoAsiWKMX  HedeppPOMarHMTHbIX
OCHOBaHMUAX;
7. GeppoMarHuTHbIE  3NEKTPOonpoBoas-

WK1e TMOKPLITUA Ha AWINEKTPUHECKMX
OCHOBaHUAX;

8. HedeppoMarH1THele  3NEeKTPONpPOBO-
AAWKME NOKPLITUA Ha AM3NEKTPUYECKMX
OCHOBaHMAX;

9. AM3NEKTPUYECKUE MOKPbLITUSA Ha AMI3-
NEKTPUYECKUX OCHOBAHMUAX.

M3BecTHa Gonblas rpynna 3anad m3-
MEpPEeHWs TONLWMHbI MOKPLITUA B NpPOW3-
BO/JCTBEHHbIX YCNOBUAX, HE AONYCKAIOLWMX
WK CYLLEeCTBEHHO OrpaHuyuBaloLLMX BO3-
MOMHOCTb MEXaHWYECKOrO KOHTaKTa nep-
BWYHbIX U3MEPUTENLHbLIX NpecBpasoBare-
Nen C NOBEPXHOCTLIO M3AEeNWii B npouecce
KOHTpONnA. B CBA3KM C 3TUM B HacTosllee
BpemMs nonydaloT BcE Gonbluee pas3Bu-
TMe MeToAbl, oGecneynBalolme GeCcKOH-
TAKTHbIA PEXWUM U3MepeHna T, TaKWe Kak
BMXPETOKOBbLIM $a30BblA, aKTUBHbLIN Tep-
Morpadu4yecKuii, PEHTreHoBCKKe (paano-
MeTpu4ecKkue) GnyopecueHTHbIA M no 06-
paTHOMY paccesHuio B-nany4yeHus. Jagum
KpaTKyl0 XapaKTepUCTUKY 3TMX METOAOB
HK npumeHWTENbHO K YKas3aHHbIM 3apa-
4amM M3MepeHus TOMLWMHbLI MOKPBLITHUHA.

BHXpeTOKOBLIA  KOHTPOAb  OCHOBaH
Ha aHanu3e B3auMoAeNCcTBMA COBCTBEH-
HOFO 3M1EKTPOMarH1THOrO Mons BUXPETO-
KoBoro npeoBpaszoBaTensa ¢ aneKkrpomar-
HUTHLIM NOJIEM BUXPEBbIX TOKOB, HABOAM-
MbIX B KOHTPONUPYeMOM 06beKTe (06beKTe
W NOKPLITUK) U 3aBUCALLUX OT INEKTpobdH-
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Puc. 1. CTpyKTypHasa cxema BUXPETOKOBOro
M3MepuTensHoro npeoGpasosartens,
peanuaylowero ¢a3oBbii METOA U3MEPEHHWA
TONWMHLI METANNHYECKUX NOKPLITUA Ha
METaNNMYecKOM OCHOBaHUK. 1 — OCHOBaHue,

2 — nokpbiTHE, 3 — 06MOTKa BO36YHAEHWS,

4 — reHepartop, 5 — deppUTOBbLIA CEPAEYHMK,
6 — KomMneHcauroHHasa o6MoTKa, 7 — Gas3oBbid
faeTekTop, 8 — namepuTensHan 06MOoTKa,

9 — BUXPEBOI TOK

@&Kkrponyc

Hayuro-TlponssoncTaenHbil Lentp

3UYECKMX U FTEOMETPUYECKMX NapaMeTpoB

OCHOBHOro MeTanna v NoKpbiTUs. B 3aBu-

CMMOCTM OT 3aaa41 U3MEePEHMSA U CBONCTB

mMatepuana OCHOBaHUS U NOKPLITUA MOTYT

NPUMEHATLCA PasnuyHble GYHKUMK U3Me-

HEHWA BO BPEMEHW 3NEeKTPOMarHMTHOro

nona (NPo6GHOM 3Hepruv) W pasnuyHble

nepeBu4Hble WHDOpPMaTMBHLIE Napame-

Tpbl, onpegensemMble cnoco6oM nonyye-

HKSI NEPBUYHOM UHPOpMauuu. B npaktu-

Ky GECKOHTaKTHbIX U3MepeHHH T NpoYvHO

BOLWNK BUXPETOKOBLIE TONLMHOMEDEI, pe-

anuaywne Ga30BbLIA METOL U3MEPEHUR,

UMeIoLWKA PR NPeUMYyLLECTE.

C vcnonb3oBaHuemM $a30Boro Mertoaa
BUXPETOKOBOI0 KOHTPONA BO3MOXHO Gec-
KOHTaKTHOE NpoBeaeHue U3MepeHuid T:

* 3NEKTPONPOBOAALLMX HedeppoMarHuT-
HblX NOKPLITMIA Ha 3NEKTPONPOBOASALLMX
$heppoMarHUTHLIX OCHOBaHMUAX;

® 3NEKTPONPOBOAALMX HEPPOMATHUTHBIX
NOKPLITUIA Ha 3neKTponpoBoaAALWmMX dep-
POMarHWTHbIX OCHOBaHMSAX;

* 3NIEKTPONPOBOAAWMX HedeppoMarHuT-
HbIX NMOKPBLITUA Ha 3NEKTPONPOBOAALLMX
HedeppoMarHUTHbIX OCHOBaHMWSAX.

Ha puc. 1. npuBeaeHa CTpyKTypHas cxe-
Ma uW3MepuTenbHoro npeobpas3oBartens,
peanu3ylowero BUXPETOKOBbLIK Ga30Bbli
MEeToA U3MEPEHWH TONLMHbI MeTannuye-
CKMX NMOKPBLITUM Ha MeTanIMYeCKUX OCHO-
BaHuAx [2].

[MaBHbLIM JOCTOMHCTBOM BWMXPETOKOBO-
rO KOHTPONSA ABNSETCHS BO3MOMHOCTL pas-
pabGoTKKM npeobpasoBaTened ¢ 4acToTon
TOKa BO3DOYHAEHWA OT AECATHOB repu Ao
NecATKOB Merarepl, Anf U3MepeHusa Ton-
LMHbI NMOKPLITUA B Ananas3oHe OT eAnHML,
MWKPOMETPOB A0 AECATHOB MUITMMETPOB

Puc. 2. CTpyKTypHas cxema U3MEPUTENbHOTO
npeobpa3oBarens, peanuayiowero aKTuBHbIA
CHUHXPOHHbI TEPMOAWHAMUYECKMI METOA
WM3MepeHUA TONWKWHBI AU3NEKTPUYECKKUX
NOKPBITMH HA METANNTUYECKHUX M HEMETaNTUYECKHUX
OCHOBaHM1AX. 1 — OCHOBaHue, 2— NOKpPbITHE,

3 — nHdppaKkpacHoe nanyyexue, 4 — Tepmo-
,ElPIHBMMHECKHFl ‘-inCTBHTeJ’!be!FI 3nemMeHT,

5 — namna-BCnblWwKa, 6 — MMNYNbCHbIA NOTOK
TennoBoro UanyyeHusa

A?ACK-PEHT;'EH

C BO3MOXHOCTBIO NOASBNEHWUS BAWUAHMA
3a3o0pa Mexay npeobpasoBatenem U no-
KPbITUEM, LUEPOXOBATOCTM MOKPLITHUA M OC-
HOBaHWA, a TakXe pajuyca OCHOBaHMA.
K HepoctaTKam cneayet OTHECTW 3aBWUCH-
MOCTb NOKa3aHWi OT paaa MeLlaloWwmx na-
pamMeTpoB: 3NeKTPONPOBOAHOCTH O U Mar-
HUTHOWM NPOHULAEEMOCTM | OCHOBaHWK
M NOKPLITUIA. TaKKe UMeeTcs paja orpaHu-
YEHWA MO BO3MOMHBLIM COYETAHWAM MNO-
KpbITUE — OCHOBAaHMWeE.

Tenn0BO# KOHTPONb OCHOBAH Ha aHanu-
3e napaMeTpoB TEMNNOBLIX NONENH KOHTPO-
NUpYeMbIX 06bEKTOB. BECKOHTAKTHOE W3-
MEpPEHWE TOJLWKWHbI MOKPBITUA MOXET ObITh
peanr3oBaHO C MCMNONb30BaHWEM aKTUB-
HOFO CHMHXPOHHOrO TepmorpadU4ecKoro
MeToaa. 3toT MeTog [3], 0606LWEHHARA CXe-
Ma KOTOPOro nNpeacTtagneHa Ha puc. 2, no-
3BONAET NPOU3BOAMTL 3MEpEeHUe T;
® U3NEKTPUYECKHUX NOKPLITUIH Ha meTan-

NUYECKKUX OCHOBAHMSX;
® [IU3NEKTPUYECKMX MOKPLITUI HA AUANEK-

TPUYECKUX OCHOBaHMAX.

[ocToMHCTBOM MeToda SBNAETCA BO3-
MOMHOCTb  GECKOHTAKTHLIX WU3MepeHWH
B [Manas3oHe TONWMH OT HECKONbKUX MU-
KpomeTpoB A0 1mm. HepoctaTKom aBNS-
€TCs 3aBMCMMOCTb pe3ynbTaToB Uamepe-
HMA OT Tennoguanyeckux (KoahpduumeHT
TENNOMNPOBOAHOCTH A, TENNONPOBOAHOCTbL
C, NNoTHOCTL P, KO3hdUUMUEHT Temnepa-
TyponpoBogHocTM a=A/pC, Tennosas
uHepuus e=A\Cp)¥2, oTpaalowas cno-
COOHOCTb MOKPBLITUA) U TEOMETPUYECKUX
(B OCHOBHOM, lepoxoBaTocTb Rz) napa-
METPOB MOKPLITUS U OCHOBAHMA, a TaKKe
0T aAre3vu NoKPbITUA K OCHOBaHMUIO.

PaauauynoHHbLIA KOHTPONbL B OCHOBHOM
McnonbL3yeT GOTOHHOE (B TOM YUCNE PEHT-
reHOBCKOE), HEMTPOHHOE U 3NEeKTPOHHOoe
U3ny4yeHue.

PeHTreHoBCcKMiA  yopecLUEeHTHbIA Me-
T04 — paavomeTpuyeckuid meton HK,
npeaHa3Ha4yeHHbIn A8 UamMepenus T Me-
TaNAM4YECKUX TOHKWMX W CBEPXTOHKMX MO-
KPbITUA Ha METaNIMYECKMX W OMINEKTPU-
YECKMX OCHOBaHWAX, 0COGEHHO Manopas-
MepPHbIX. TaKKe NPUMEHUM ANS U3MEPEHUA
MHOMOCOMHBIX NOKPLITUA. Ha puc. 3 npea-
ctaBneHa 0606UWEHHas cXemMa WU3Mepu-
TenbHoOro npeobpasoBartend, peanuaylo-
uero peHTreHodNI0OPEeCLEHTHbIM MeTof,
W3MEPEHMA TONWMHBI MOKPLITHUHA.

C wMcnonb30BaHWMEM  paguomeTpuye-
CKOro Metoga o0paTHoro paccesHus
B-vyactiy, oGOGOWEHHAA cxema nepBMy-
Horo npeo6pas3oBaTens KOTOporo npea-
cTaB/ieHa Ha puc. 4, MOXHO NPOU3BOANUTL
n3amepeHue T:
® NU3NEKTPUYECKUX NOKPLITUA Ha Me-

TaNMYECKUX M JUINEKTPUYECKUX OC-

HOBaHMAX;

B mupe HK. 2017. T. 20. N2 1
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Puc. 3. CTpyKTypHasa cxema U3MepUTeNbHOro
npeobpasosaTtens, peannayiowero
PEHTTEHODNIOOPECLEHTHBIA METOS U3MEPEHUSA
TONLWMHBI NOKPbITKIA: 1 — OCHOBaHKe,

2 — NoKpbITHE, 3 — KOANUMMartop, 4 — nepeu4HoOe
PEeHTreHOBCKOE U3ny4eHune, 5 — peHTreHoBCKan
TpybKa, 6 — OeTekTop, 7 — BTOPUYHOE
PEHTreHOBCKOE M3ny4eHue
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Puc. 4. CTpyKTypHas cxema W3MepUTENbHOro
npeo6pasosarens, pean1ayowero MeTos
W3MEPEHWA TONLMHBI NOKPbITUIA N0 06GpaTHOMY
pacceaHmio B-yactuu: 1 — ocHoBaHu1e,

2 — NOKPbLITUE, 3 — OTPaEHHbIE YaCTHLbI,

4 — WCTOYHHK, 5 — perucTpartop,

6 — anepTypHoe KonbLOo

NDT World, 2017, v. 20, no. 1

¢ MeTaNIM4ecKUx (B TOM 4YUCNE MHOro-

CNOMHBLIX) NOKPLITUA Ha MEeTanNUYeCcKux

U AU3INEKTPUYECHKUX OCHOBaHUAX.

MeTog no3sonset NpPoBOAUTL U3Mepe-
HWUS B JManas3oHe OT COTbIX JoNen 40 COTeH
MWKPOMETPOB.

MNapameTpamu, BAUAIOLWKMMK Ha pesyib-
TaTbl PagMOMETPUUYECKMX METOLOB SBNSA-
I0TCA NJOTHOCTb P W aTOMHbLIA HOMep N_
MaTepuanos NOKPLITUA U OCHOBaHMY, Le-
poxoBaTtocTb Rz.

Bce ynomsaHyTbie GECKOHTaKTHble Me-
TOAbl U3MepeHUsa T 3alMTHBIX U QYHKLMO-
HaNbHbIX NMOKPLITUA ABNAIOTCA KOCBEHHbI-
MK. 3TO 03HAYaEeT, 4TO HacTpoWKa (rpaay-
MpoBKa), NoBEPKa U KanubpoBKa cpeacTs
WU3MEDPEHUS AONMKHbI B COOTBETCTBUU C [4]
OCYWECTBNATLCA NO 3ITANOHHLIM Mepam
TONWWMHBI, WUMUTUPYIOWKMM W3MEepPseMbli
du3nyeckuin napameTp (B AaHHOM cny-
yae T) B gMana3oHe ero M3MeHeHus npu
M3BECTHLIX CTaBWNBHBIX MelalwwWwmnx na-
pameTpax. Take cnegyeT y4uTbiBaTh, 41O
Kam bl OTAENbHO B3ATbIM METOA pelwaet
orpaHuyYeHHbId Kpyr 3ajady uamepeHus T
W XapaKTepu3yeTcs OTNMHAWKUMWUCA Me-
WaKWMMU napaMeTpamMu.

Cyuwecrtsylowas locypapcTBeHHas
nMoBepo4YHas cxema AN8 CPeacTB M3me-
peHua (CH) TOMWMHLI MOKPLITUA B Aua-
na3oHe oT 1 ao 20000MKM, yTBEpM-
NEHHaA B KayecTBe peKoMeHpauuu no
meTponorun P50.2.006-2001 «TCK. Tocy-
[JapcTBeHHana noBepo4Has cxema Aans
CPeACTB M3MEPEHMI TOMWMHLI MOKPLITHIA

B guana3oxe 1-20000 mKm», pa3paboTa-
Ha YN «BHUUMC» B3ameH ycTapeslue-
ro MOCT 8.536-85. B cooTBeTCTBUM C HEX
B KadyecTee pabo4ux CHM npuMeHsaoT Mepbl
TONWMHBI W TONWMHOMEPBLI  NOKPLITUHA,
CrpynnupoBaHHbLie NO Has3Ha4YeHuto B 3a-
BMCMMOCTM OT BWAa Matepuanos MNoKpbl-
TUW U OCHOBaHWUN U3MeEPSAEMbIX 0GBLEKTOB.
Ha puc. 5 npeacraeneHbl 4eBaTb TUMNOB
TONWWHOMEPOB M3 NOBEPOYHOW CXEMbI.

Kak cneayeT M3 NpoBeAEHHOIO paccMo-
TPEHWA, B AEUCTBYIOLLEN NOBEPOYHOK CXe-
Me OTCYTCTBYIOT TOSMLMHOMEPLI AMINEK-
TPUYECKHUX U GEPPOMArHUTHBIX NOKPLITUIA
Ha AMANEKTPUHECKMX OCHOBAHKAX.

B cooTBeTCTBMM C AEWCTBYIOWEN NOBe-
POYHOW CXEMOM [5] OCHOBHLIM CPEACTBOM
NOBEPKM TONLMHOMEPOB MOKPLITUIA ABNA-
IOTCH 3TANOHHbIE MEpbl TONWMHBI NOKPbI-
TUW M YCTAHOBKW ANA NOBEPKU MarHUTHbIX
U BUXPETOKOBbIX TONUMHOMEPOB AU3NEK-
TPUYECKMX MOKPBITUA, MPUMEpP KOTOPbIX
npefcTaBieH Ha puc. 6.

o 1988 r. Ha Mepbl TONWMHbI pacnpo-
ctpansancs OCT 25177-82. lMpoaneHue
cpoka peicteua MOCT 25177 HEeBO3MOMK-
HO, T.K. HEKOTOPLIE €ro MOMOMEHWS yCTa-
penu U He COOTBETCTBYIOT COBPEMEHHbIM
TpeboBaHWAM. BecKOHTaKTHble MeTobl
KOHTPONS, UCNonb3yemble Npu paspaboTHe
W3MepuTenbHbIX npeobpasosarteneil Ton-
LWMHOMEPOB 3aLUMTHBIX M DYHKLIMOHANbHbLIX
NMOKPBLITUM, OCHOBbLIBAKOTCA Ha 3aBWMCUMO-
CTW KaKoro-nbo WHGopMaTMBHOro napa-
meTpa oT T. OgHaKo, KaKk 6bino yKasaHo,

TonwmHoMepbI NoynpoBo-
AHUKOBBIX NOKPLITHA

TonwMHOMEPbI AU3NEKTPH-
YECKUX MOKPLITHA

TonwuHoMepbl Hemar-
HUTHbIX TOKOMPOBOAALLMX

Ha OU3NEeKTPUYECKMX Ha NonynpPoOBOAHWUKOBBIX MOKPBITUIA Ha MarHUTHBIX
OCHOBaHMAX OCHOBaHMAX OCHOBaHMsaX
5+30MKM 1+5MKM 4+1000 MKM
A=0,4+1,0MKM A=0,4+1,0MKM A=1,5+100,0 MKM

ToNWMHOMEDI HEMArHUTHbIX
TOKOMPOBOAALLMX NOKPLITHIA
Ha HeMarHWTHbIX TOKOMpPOBO-
AAUKMX OCHOBaHHUAX
2+500MKM
A=0,4+20,0 MKM

TonwmMHOMEPbI MarH1THbIX
NOKPbLITUA H8 HEMarHWUTHbIX
TOKONPOBOAALLMX OCHOBAHUAX
5+100 MHM
A=0,4+10,0 MKM

TonwuHOMEpPbLI MarHMTHbIX
MNOKPbLITUIA HA MarHWUTHbIX
OCHOBaHMAX
5+100 MKM
A=0,5+10,0 MKM

TonwruHOMEpbI BUXPETOKOBbBIE
NS AM3NEKTPUYECKMX NOKPbLI-
TUH Ha HEMarHWTHbIX TOKO-
NPOBOAALLMX OCHOBAHWAX
2+20000 MKm
A=1+200MKM

TonwuHoMepbl MarHUTHble
N9 AU3INEKTPUYECKMX
MOKPLITUA Ha MarHUTHbIX
OCHOBaHMAX
2+20000 MKm
A=1+200MKM

TONWMHOMEPBI HEMAarHHT-
HbIX TOKONPOBOAALLMX
MOKPbITHIA Ha AW3NEKTPUYE-
CKUX OCHOBaHMAX TpyBUaTbIX
(amameTp 0,6 + 1,5mm)
5+100MKM
A=5,0 MKM

Puc. 5. PaGo4u1e cpeacTBa U3MepeHuii no nosepoyHoi cxeme P50.2.006-2001

Mepbl TOAWKHBI HEMar-
HWTHbIX TOKONPOBOAALLMX
MOKPLITHIA HA MArHUTHBIX

OCHOBaHUAX
41000 MKM
A=(0,1+0,025h) MKM™

Mepbl TONWMHBI HEMArHK1T-
HbIX TOKONPOBOAALLMX NOKPbI-
THH Ha HEMarHUTHbIX TOKO-
NPOBOAALLMX OCHOBEHWAX
2+500 MKM
A=(0,3+0,025h) MKM

Mepb! TONUWMHBI MArHKTHBIX
MOKPbITWIA Ha HEMarHUTHbIX
TOKONPOBOAALWUX OCHOBaHUAX
5+100 MKM
A=(0,1+0,025h) MKMm

Puc. 6. 3tanoHbl 2-ro paapaga no noBepoyHon cxeme P50.2.006-2001
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WHOOPMATUBHLIE  napamMeTpbl  3aBUCHAT

HE TONbKO OT U3MEPREMOW BENWUYMHEI, HO

W OT pAja MeLlaloLWwmnx napameTpoe. Bmecre

C TeM, B COOTBETCTBWU C [EACTBYIOLLEH HOP-

MaTMBHOW JOKYMEHTaLUKUen, Npu narotosne-

HUM, KanMBpPOBKE WM MOBEPKE CYLLECTBYIO-

LMX MeP TONWMHbI KOHTPOMPYIOTCS TONBKO

UX reomeTpu4yecKuMe napameTpbl: TONWMHa

NMOKPbLITUS, Pa3HOTONLWMHHOCTD, LWEepPoXoBa-

TOCTb MOBEPXHOCTH, 63 y4ETa Mellatowmx

napamMeTpoB, KOTOpble HEeNoCPEeACTBEHHO

B/IMSAKOT Ha pes3ynsTaT U3MepeHUs GEeCHOH-

TaKTHbIMKW  TONIWMHOMEPAMHK,  Onpesenss

Npy 3TOM AeACTBUTENBHOE 3Ha4YeHne T U He-

ONpefenéHHOCTL pesynbTata W3MEPEHMs.

B cBf3W c 3TUM npeacTaBnseTcs Heobxo-

OUMON pa3paboTKa HOBbIX CTAHAAPTOB Ha

Mepbl TOMWMHLI, @ TaKHe COBEepLIeHCTBO-

BaHWe NOBEPOYHOM CXEMbI MW pa3paboTia

HECKONbKMX NOKaNbHbIX MOBEPOYHbLIX CXEM.
AHanuv3 cCOBpeMEHHOW CTaHAapTM3aumm

no HK kayectBa NOKpbITMA BECKOHTAKT-

HbIMW METOJlaMK NoKa3san, 4To Ha ceroj-

HAWHKWA AeHb CYWeEeCTBYIOT HOPMaTWBHbIE

[OKYMEHTbI Ha BWAbl W MeToabl HK, KoTo-

pble ycTaHaBnWBalOT TpeGoBaHUA K Tep-

MWHaM W onpeaeneHnsaM, HO He yKa3aHbl

TpeboBaHMA K 3TanoHaMm M cpeacTBam

W3MEPEeHWN, yyacTBylWUM B nepefaye

€AWHULbI U peanu3ylownmM NoBEpPOYHYIO

cxemy. [1na ycTpaHeHMs 3T0ro HegocraTka

HeobxoaMMo paspaboTaTb HOpMaTUBHbIEe

[IOKYMEHTbl Ha PacCMOTPEHHbIe GECKOH-

TaKTHble METOAbl M3MEPEHWS TOMLWMHBI

NMOKPbLITUIA, KOTOpble ByayT ycTaHaBnuBaThb

TpeboBaHWA K TONWWHOMEpPaM, Mepam

TONLWMHbI NOKPbLITUA, a TaKKe TpeboBaHUA

K WX NOBEepKe W KanubposBKe. AHanua 3a-

py6exHoro onsita B 4acTW CTaHgapTuaa-

LMK NoKasan cneayoulee:

® CTaHfapT o3arnasfMBaETCA No TUNY UAK
TUMNaM NOKPbLITUH U OCHOBAHWH, ANA KO-
TOPbIX MOXET NPUMEHATLCA paccMaTpu-
BaeMbli METO UBMEPEHMS;

* yHa3blBaeTcd  3ajadya  WM3MepeHus,
B JaHHOM cfiy4ae — W3MepeHHUe ToMLWHK-
Hbl MOKPbITUSA;

* yHa3blBaeTCHA paccmaTpuBaeMblid METOA
M3MepeHus.

leomeTpuyecKue XapakTepucTUKK
(T, Rz(x, y,2), )

/ BuxpeTtorosbin HK
§ BAeKTPOMarHMTHbIE XapaKTEPUCTHKH ]

(4, 0)

Tennopuanyeckue xapakTepUcTUKH
C, a,e, y=a/nf

PagnauuoHHbin HK
: ( DU3MYECKHE XapaKTEPUCTUKM )
\ P,

B KavecTee NpMMEpPOB YKaMeM cneayto-
wmecraHaapTel: 1ISO 21968: Non-magnetic
metallic coatings on metallic and non-
metallic basis materials — Measurement
of coating thickness — Phase-sensitive
eddy-current method; 1SO 2360: Non-
conductive coatings on non-magnetic
electrically conductive basis materials —
Measurement of coating thickness —
Amplitude-sensitive eddy-current method;
ISO 2361: Electrodeposited nickel coat-
ings on magnetic and non-magnetic sub-
strates — Measurement of coating thick-
ness — Magnetic method.

OpHako, ecnu Mbl 6onee Noapo6HO pac-
CMOTPUM 3TW CTaHAapThbl, TO YBUAMM, YTO
B HUX JOCTATOMHO NoApo6GHO onucaHbl 3a-
Jayn U3MepeHus U GU3UYECKME OCHOBBI
metoaa. Ho paccmorperue uHbopmMaTue-
HbIX ¥ MeLalolKMX napamMeTpoB U UX BIK-
AHWEe Ha pe3ynbTaTbl W3MEPEHWA HOCHT
onucartenbHbIi XxapakTep. TakKe HET YeTKO
U3NOMEHHbIX TPe6OBaHUWA K reomMeTpuye-
CKMM W aneKTpodU3nYecKum napaMmerpam
MEP TOMLLUMHbI NOKPLITUA, KOTOPLIE AOMKHbI
NPUMEHATLCA ANA rpafyMpoOBKM, NOBEPKHK
U KanubpoBKK ToNWMHOMEPOB. B cTraHaap-
Tax OTCYTCTBYIOT CXxembl o6ecneyeHns npo-
cnexuBaemoctv, 6e3 4ero HeBO3MOXHa
pa3paboTKa NoBEePOYHbIX CXEM.

Mewaioue reoMmeTpuyeckue, ©GU3n-
YyecKkue, 2NeKTpoduaM4ecKue u Tenno-
du13nyeckne napamMeTpbl AN8  Kamaoro
U3 GECKOHTaKTHbIX METOA0B AOJIHHbLI KOH-
TPONMPOBATLCA Ha 3aTanax W3roToBEHWA
W NOBEPKW CPEACTB W3MEPEHMH B COOT-
BETCTBMM C NPeACTaBNeHHOW Ha puc. 7
CXeMoW nepejayu pasmepa eiuHULbl 13-
MepAemMoin BeNu4MHbl T OT MEP K TONLMHO-
MepaMm MOKPbLITUIA C Y4ETOM BAMAHUA Me-
lwapwmMx napameTpoB Ana Kaxporo 6ec-
KOHTaKkTHoro metoaa HK. B Takom cnyyae
6ynet obecneqynBaTbCsl METPONOrMYEecKas
NPOCNEMUBAEMOCTb.

OAHMM M3 BapWaHTOB peLleHus pac-
cmarpuBaeMon npobdnembl O6GecrneveHus
eMHCTBa M3MEepPeHWn B 00NacT TONWMHO-
METPUU TOKPbITUA GECKOHTAKTHBIMK METO-
[laMu, a TaKkke KoopaWHaumKn paboTt MeTpo-

ToAWwMHOMEPbDI

MEPbI %
NOKPLITHH

Puc. 7. Cxema nepeaayu pasMmepa eauHuLsl BENMYMHbI OT MEP K TONLUMHOMEPEM NOKPbLITHA C Y4ETOM
BIMAHUS MelLaloLLUX NapaMeTpoB ANA Kamaoro 6eCKOHTAKTHOro MeToaa

&@krponyc QA

HayuHo-TponssoacTeeHHui Lientp

MCK-PEHTFEH

NOrM4ecKux CNyKG, Npou3BoaMTENER U NOo-

TpebuTenen 6eCKOHTaKTHbIX TONLLMHOMEPOB

NMOKPLITUA NpeacTaBnaeTcs HeobXoarMbIM

pa3paboTHa cneaylolwmx CTaH4apToB:

1. MeTannuyecKue NoKpbLITUA Ha MarHuT-
HbIX M HeMarHWTHbIX MeTanIu4yecHnX
OCHOBaHMWAX. WMamepeHue TONLWMHbI
MOKPLITUA BMXPETOKOBLIM Ha30BbIM
METOAOM.

2. HemeTannuyeckue noKpbLITUS Ha MeTan-
JIMYECKUX U HEMETaNNMYECKUX OCHOBA-
HUax. M3amepeHue TONWMHLI NOKPLITUS
AKTMBHbBIM CMHXPOHHLIM TepMorpadu-
YECKUM METOLOM.

3. MeTtannMyeckMe U HeMeTannn4yeckue
NOKPLITUA Ha METANTMYECKUX U HEME-
TaNNUYeCcKUX OCHOBaHuUAX. Wamepe-
HUE TONWMHEI NOKPLITUS B-OTparKeHUs
METOLOM.

4. MeTannuyeckue W HemeTanauyeckue
MOKPLITUS Ha METaNIMYECKHUX U HEME-
TannUM4yecKkux ocHoBaHusx. MamepeHue
TONWMHBLI  MOKPLITUR  PEHTreHo-dnyo-
PECLEHTHBIM METOAOM.

Kamabli cTaHgapT gomkeH GbiTh BbiNy-

LEH B TPEX YacTax:

® yactb 1. MeToa U3MepeHus;

® yacTb 2. NoBepKa ToNUMHOMEPOB, KO-

Topas [oMMHa cojepMaTtb MEeTOAMKY

pac4yéta pacWwWpeHHOW Heonpeaené-

HOCTHW Pe3ynbLTaToB U3MEPEeHWH;

yacTb 3. KanubpoBKa M noBepKa Mep

TONWMHBLI MOKPBLITUH, KOTOpPas A0MMHAa

coAepaTb OCHOBHblE ycnoBua, Tpebo-

BaHWA K NPOW3BOACTBY Mep TOMLWMHBI,

onucaHue NoOBEPKU Mep TONLLKHBI M Me-

TPOMOrMYECKOW  NPOCNEMMBaeMOoCTH,

a TaKKe MeTOJMKy pacyéta paclumMpeH-

HOW HeonpeAenéHHOCTM pe3ynLTaToB

U3MEPEHUI NPH NOBEPKE.

Ha ocHoBaHKK CTaHOapTOB AO/MKHbI ObiTh

pa3paboTaHbl MOBEPOYHbLIE CXEMbI U Cpef-

CTBa U3MEpPEHWI ang Ux peanusaunu.
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