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KOHTPOJIb IOBEPXHOCTHBIX TE®EKTOB
JAETAJIEU KAIIMJIVIAPHBIM IBETHBIM METOIOM

OnucaHo 0COOJIMBOCTI BHKOPUCTaHHS KaNUIIPHOTO HEPYWHIBHOTO KOHTPONIO, METOIH
KaliIPHOTO  HEepPYHHIBHOrO KOHTpoyto, JedexTockomiuni Matepianu. IIpoanamizoBaHo
MOCTITOBHICTh TEXHOJIOTIYHHX €TamliB IIPOBENEHHS KamisipHOro KoHTpomo. IIpoBemeHo
KalUBIPHUIL KOHTPOJb KOJNBOPOBHM METOJIOM 3a JOHOMOIOK Je(eKTOCKOMYHOro Habopy
NORD-TEST (HELLING GMBH) na 3pa3ky.

The features of leadthrough of nondestructive liquid penetrant method are described. Materials
for fault detection are considered. The sequence of the technological stages of leadthrough of
liquid penetrant method is analyzed. NORD-TEST (HELLING GMBH) was used. Object from
steel was tested by a liquid penetrant method. There were natural and artificial surface cracks on
this object.

Hepaszpymarommii KOHTpOJIb MO3BOJSIET CBOEBPEMEHHO HAWTH M YCTPaHUTh
MIPUYMHY BO3MOXKHBIX pa3pylleHUH, JUarHOCTUPOBATh MpeJaBapUilHOE COCTOsHHUE
o0bexToB koHTposst (OK), a Taxke rapaHTHpOBaTh OE30IaCHYIO JJISl YelIOoBeKa U
OKPY’KaIOIIEeH CpeIbl IKCIDTYaTaIUI0 TEXHIUECKOro 00bhekTa [1].

Kamwuispaelii - Hepaszpymaronmii  koutpoibs (KHK) mnpennasnauen s
OOHApY)KEHWS HEBUAWMBIX WIH CIA0OBHJAUMBIX HEBOOPY)KCHHBIM  TJIA30M
MTOBEPXHOCTHBIX M CKBO3HBEIX jaedekroB B OK, ompepencHus WX pacloNIOKCHUS,
MPOTSHKEHHOCTH (11 Te()EKTOB THUIA TPCIIMH) M OPHEHTAIIMU 10 TOBEPXHOCTH.
DTOT BHUJ KOHTPOJSI TO3BOJIIET JHATHOCTHPOBATH OOBEKTHI JIOOBIX Pa3MEpOB U
(¢opM, KOTOpPBIC H3TOTOBJICHBI M3 YEPHBIX M IIBETHBIX METAJIOB, CIUIABOB,
ITacTMACC, CTEKJIAa, KePaMHKH, a TaKXKe JPYTHX TBEPABIX HeheppOMarHUTHBIX
Matepuaios [1-5]. Hanpumep, usaenust u3 GpeppoMarHUTHBIX MaTEPHAIOB OOBIYHO
KOHTPOJIMPYIOT MarHUTOIIOPOIIKOBBIM METOJIOM, KOTOPBIH Oojiee YyBCTBUTEIICH,
HO KOrjJla 10 YCIOBUSIM OKCIUIyaTalldd HE JIONYCKAeTcs MPUMEHSTh
MarHuTonopoikoBbii Meroa, toraa npumenstor KHK. KonTtpons kanumisipHeiM
METOJIOM MPOBOJIAT A0 YABTPA3BYKOBOI'O MIIM MArHUTOIMOPOIIKOBOTO.

KHK mno3Bonser HaxXxomuTh TPEMIMHBI B JIOMATKax TypOWH JBHUTaTElCH
camonera, B CBapHOM IIBe Ta3o- u HedrenpoBoma. OOmanas BBICOKOM
YYBCTBUTEIBHOCTHIO (B MpEEIC OH MOXKET OOHAPYXKHUTh TPEIIHHBI C PACKPBHITHEM
0,1 MKM), KamWUIAPHBIA KOHTPOJL HE TPeOYeT CIOKHBIX W JOPOTOCTOSIINX
TEXHUYECKHX  CPEJACTB, TEXHOJOTUSl  €ro  CpaBHUTEIBHO  NpocTa U
JIe(PEKTOCKOMMYCCKIE MATEPUAITHI BITOJTHE JOCTYITHEL.

Metonst KHK nonpasznenstores Ha aBa Buzaa [1]:

1. OcHoBHble MeTonbsl KHK, koTOphIe HCHONB3YIOT KaMWUISIPHBIE SIBJICHUSL

2. Kom6unupoBanusie meroas KHK.
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B 3aBucuMocTH OT TuIla NPOHHUKAIOIETO BEIIECTBA CYLIECTBYIOT TaKHe
ocHoBHbIe Metoabl KHK [1-3]:

1) Merox TPOHMKAIOMMX pacTBOpoB — skuakocTHeIH Merox KHK,
OCHOBAHHBIA Ha HCIIOJIB30BAaHUM B KAa4ECTBE MPOHMKAIOIIETO BEIECTBA KHUJIKOIO
HMH/IUKAaTOPHOT'O pacTBOPA;

2) ™eton GUIBTpYIOMMXCS CcycneH3uid — sxuakoctHelii Merton KHK,
OCHOBAHHBIA Ha HCIIOJIB30BAaHUM B KA4YECTBE XHUJKOTO MPOHHUKAIOIETO BELIECTBA
HMH/IUKAaTOPHOH CYCIIEH3UU.

B 3aBucumocTH 0T criocoda BBISBIEHHSI WHAMKATOPHOI'O PUCYHKAa OCHOBHBIE
Metoasl KHK [1] nensaT Ha cnenyromue:

1) JIOMMHECHEHTHBIH — OCHOBaH Ha  pErucCTpallMik  KOHTpacra
JIIOMHHECIUPYIOIIEr0 BUIMMOr0 MHAWKATOPHOIO PUCYHKAa Ha (pOHE MOBEPXHOCTH
OK B mnunHOBONHOBOM Y ®-m3nmydennn (B KHK soMuHecneHnuio Mcnonb3yroT
KaK O/IMH M3 CIIOCOOOB YCHJIEHHS KOHTpPAcTa JUisl BH3YaJbHOTO OOHAPYKEHHS
WHJIMKATOPHBIX IIEHETPAHTOB ITOCIIE TPOSIBIICHHS);

2) UBETHOW — OCHOBAaH Ha PETHCTPAIMM KOHTPACTa IBETHOI'O WHIUKATOPHOTO
pucyHka Ha ¢oHe moBepxHocTn OK B BHOMMOM mn3iIydeHHH (sIBiIsieTcsl Hanboiee
pacIpocTpaHeHHBIM cpean KamwusipHeIX MetonoB HK);

3) JIIOMHHECHEHTHO-IIBETHOH — OCHOBaH Ha perucTpanuyd KOHTpacra
LBETHOT'O WJIM JIIOMHUHECIIEHTHOI'O HWHIMKAaTOPHOTO PUCYHKA Ha (hOHE ITOBEPXHOCTH
OK B BUAMMOM WJIM JUIMHHOBOIHOBOM Y D-N3TydeHUH;

4) SApKOCTHBIA (aXpOMaTHYECKH) — OCHOBaH Ha PETHCTpAliK KOHTpacTa B
BUJIMMOM HM3JTy4EHHH aXpOMaTHYECKOro prcyHKa Ha (one nopepxaocta OK.

[Mpn KHK npuMeHSIOT ¥ HCHONB3YIOT KalnWUIIPHBEIE Ie(eKTOCKOIMYecKre
MaTepHanbl Uil TPONMTKH, HEWTpadu3alud WIM  yAaJeHus  n30bITKa
IIPOHUKAOILETO BEIIECTBA C MOBEPXHOCTH U MPOSABJIEHUS €r0 OCTATKOB C IENBIO
TIOTy4eHMs1 TIepBUYHON MH(popManuu o Hammunn HecromHocTd B OK. OcHOBHBIE
JepeKTOCKOIMYecKre MaTepHaibl — WHIUKATOPHBIA IICHETPAaHT, IPOSBUTEINb,
ouncturens W racurend [2]. Jledekrockonmnueckue Marepualibl BHIOMPArOT B
3aBHCHMOCTH OT TpeOoBaHMM, KoTopble npeabsBisitotes k OK, cocrosuust OK,
YCIOBUA  KOHTPOIS M YKOMIUIGKTOBBIBAIOT B IIeJieBble  HaOOpHI
J1e(pEeKTOCKOITMYECKMX MaTepualioB, Kyda BXOMAT TIIOJHOCTBIO WM YaCTHYHO
COBMECTHUMEBIE OCHOBHBIE JIe()eKTOCKOITUUECKHE MaTepHalbl.

TexHonorus NpPOBEAEHUS KaNMWUIAPHOTO HEpa3pylIArOIIero KOHTPOJsS
SIBIII€TCA MHOroomnepanuoHHoi. TexHomormueckuil pexxum onepauuit KHK
(IPOIOIKUTENBEHOCTD, TEMIIEPATYPY H JIABJICHHE) YCTAHABIMBAIOT B 3aBUCHMOCTH
OT HCIOIB3yeMoro Habopa JeeKTOCKOMMYECKHX MaTepHaioB, ocodenHocTeir OK
Y TUTIA UCKOMBIX JIe()EKTOB, YCIIOBUH KOHTPOJIS U HCIIOJIb3YEMOH anmaparypebl.

Henms  paboTel —  W3y4eHHE  IOCIENOBATEIBHOCTH  BBITIONHEHUS
TexHojmoruueckux omepauuit npu  1nsetHoM  Merone KHK,  ocBoenue
nedexrockornmueckoro Habopa NORD-TEST (HELLING GMBH, I'epmanus) u
npoenenne KHK Ha koHKpeTHOM 00pa3siie.
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Tunosoii TexHonorueit KHK [3] aBnstorcs cnemyromye OCHOBHBIE 3Tallbl
TEXHOJIOTHYECKUX OIepaIuii 00padOTKU KOHTPOIUPYyeMOoro u3enus (puc. 1):

1 »Tam — mOAroroBKa OOBEKTa K KOHTPONIO (BKJIIOYAET OUYUCTKY
KOHTPOJIMPYEMOIM TOBEPXHOCTH M TMOJNOCTEH JedeKTOB OT BCEBO3MOXKHBIX
3arpsi3HEHUH, a TaKXKe CYIIKYy KOHTPOJIMPYEMOH IOBEPXHOCTH M MOJIOCTEH
nedexroB. Llens MOAroToBKM 00BEKTa K KOHTPOIIO — OCBOOOIUTH TOJIOCTh
nedexkrta W KOHTPOIMPYEMYIO IOBEPXHOCTH OT BCEro, 4YTO MEIIAEeT >KHIKUM
JIepEeKTOCKOITMYECKMM  MaTepuajlaM KOHTAKTHPOBaTh C  TOBEPXHOCTBIO U
obecrieunBaTh ee paBHOMEPHOE CMayHBaHUE UHIUKATOPHOMN JKU/IKOCTBIO);

2 JTalml — HaHECEHWE IIEHETpaHTa C 3aIOJIHEHWEM ToJocTel aedeKToB
(3amonHeHWe TMonocTel e(EeKTOB HWHAWKATOPHBIM MEHETPAHTOM HPOUCXOIHT
Onaromapst siBIEeHHIO cMaunBaHus. Llenb 3Tol onepanyn — npeaeabHO BO3SMOXKHOE
3amojHeHne JieeKTa HWHIUKATOPHOM KHUAKOCTHhI0. CIocoObl:  KanmuuIIpHOe
3all0JIHEHNE;  BAaKyyMHOE  3allOJIHEHHE;  KOMIIPECCHOHHOE  3alloJHEHHE;
YIBTPa3ByKOBOE 3aMOJHEHHE; 1e)OPMAIIOHHOE 3aTI0JTHEHHE);

3 sTan — NpoMeXyToyHast O4MCTKa (COCTOUT B yJalleHUH N30bITKA IEHETPaHTa
C KOHTPOJHMPYEMOH IIOBEPXHOCTH IIPH COXPAaHEHHM IIEHETPaHTa B IIOJIOCTH
TPEMIMHBI, YTOOBI NPH PEruCTpaluy W30€XKaTh JIOKHBIX CJIEJOB W TOSBIICHUS
CHJILHOTO ()OHA HA KOHTPOJIMPYEMOI OBEPXHOCTH, UTO 3aTPYAHSIET OOHApyKEeHUE
UCTUHHBIX JeeKToB. M30BITOK MHAMKATOPHOTO NMEHETPaHTa YIAJSIOT WU TacsT
Ha KOHTPOJIMUPYEMOW TOBEPXHOCTH OJHUM W3  CIEAYIOIIMX  CII0COOOB:
MPOTUpaHKEeM cajipeTKaMH C TNPHUMEHEHHEM IPH HEOOXOAMMOCTH OYHMILAIOIIETrO
cOoCTaBa WM pPacTBOPUTENS; NPOMBIBAHHMEM BOAOW WM  CHENUAIBHBIM
OYMIIAIOUIMM COCTaBOM; OOJyBaHMEM CTpyel Tmecka, IpoOH; BO3/EHCTBHEM Ha
TIEHETPaHT TaCUTeJIEM JIFOMUHECIICHIINY HJIH [[BETA);

4 3Tamn — cymka KOHTPOJIUPYEMO ITOBEPXHOCTH;

5 aTam — HaHeceHHe NPOSBUTENS U MPOSBIICHUE CIIEA0B Ne(EKTOB (HAaHECCHHUE
MIPOSIBUTENSI HA KOHTPOJIUPYEMYIO ITIOBEPXHOCTh, OOpabOTaHHYIO WHIMKATOPHOM
KHUJKOCTBIO, MPOM3BOAUTCS JJIsl WU3BJICUEHHUs IEHETPaHTa M3 AeeKTa C IEJbio
OoOHApYXKEHHS TPEUIMHBI Wi APYroro aedekra. ITo odecrneunBaeTcs TeM, 9TO Ha
(hoHE OCHOBHOIO HEOKpAIIEHHOTO IIPOSIBUTENS] BO3HUKAET WHIUKATOPHBINA
PUCYHOK, KOTODBI KOHTpPAacTUPyeT C OCHOBHBIM (0OBIYHO OenbiM) (hoHOM.
[IposiBnenue nedekroB — 3TO Mpolecc 00pa3oBaHHMs KOHTPACTHOIO PHCYHKA Ha
NPOSIBUTENIE B MECTE PACIOJIOXKEHHs] BBIXOAa JAeeKTa Ha KOHTPOIHUPYEMYIO
MOBEPXHOCTb. JTOT OKpALEHHBI y4YacTOK MPHHATO Ha3bIBaTh ciefoM. Yem
Oorbllle KOHTpPAcT JIOCTUTAETCs MEXIYy I[IBETHBIM PpHUCYHKOM (CleaoM) u
nposiBuTeneM ((pOHOM), TEM BHIIIE YYBCTBUTEIBHOCTb, TEM OOJIbIIE BEPOSTHOCTH
oOHapyxeHHs 1eeKTa);

6 stan — [IpoBepka KOHTPOIUPYEMOI TOBEPXHOCTH, OOHApYKEHHE Te(EKTOB,
JIOKyMEHTHPOBAaHUE 1 paciIi(poBKa pe3yIbTaToB KOHTPOJIS.

Ha ocHOoBaHMM THIIOBOH TEXHOJOIMM KOHTPONS OBbUI MOATAITHO NPOBEAEH
KalMJUIIPHBIA KOHTPOIIb I€TaJIH 1IBETHBIM METOJIOM.
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190TAIl
IIpensapurensHas
OUHUCTKA

OUHCTKA pacTBopUTEIeM

A 4

HpeZ[BapI/ITeJ'H)HaH MpOCYyIIKa

\ 4

2 OTAIl
Hanecenue
MEHEeTpaHTa

Hamecenne 13 aspozonn/
T —

3 OTAIl
IIpomexxyrounas
OUHUCTKA

IponuTanHoii BOaOH He BOPCUCTON TKAHBIO
wau ry6icoit

4 OTAIl
Cymka

5 9TAIl
Hanecenue
MIPOSIBUTETIS

Hunecenue 1 asposoian/
pacnLLIMTens (MPOSBHTCAL 1A
CuMproBoit ocHose)

A 4

6 OTAII
IIpoBepka
MIOBEPXHOCTH U
JIOKYMEHTHUPOBaHHE

c

Y THD
doro- HAH BHACOCHEMKH

Puc. 1. IlocnenoBaTenbHOCTD BBIIOIHEHUS ONEpaluil Ipu
KaNWUIIPHOM KOHTPOJIE JieTael IIBETHBIM METOIOM.
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Puc. 2. I[eq;eKTOCKOHquCKHiI Ha60
NORD-TEST (HELLING, I'epmanus).

Puc. 3. OK — monoriBa penbca.

€CTECTBEHHBIH UCKYCCTBEHHBIH
nedexr nedexr

Puc. 4. OK ¢ HaHeceHHBIM
MICHETPAHTOM.

Puc. 5. Pesynprat KOHTpOIIS.

KanmunspHelid KOHTPOITE POBOAMIICS IIBETHBIM METOJOM C UCIIONB30BaHHEM
cpencte u3 Habopa NORD-TEST (HELLING GMBH, I'epmanust): o4nucTHTENb
U87, nererpant U88 u mposButens U89 (cM. puc. 2) — aspo3onbHbIe 0autonbl 500
M. Mabopmanus o jaedekTockonuyeckuM MaTepuaiaM [6], BXOAAIMM B HaOOp
NORD-TEST, npencrasnena B Tabmure 1.

Tabnuna 1 — lepexrockonmueckuit Habop NORD-TEST

Ouncruress US7 Ienerpant USS IposiButeas U89
DKOIOrHUECKH ®  BBICOKASI 1yBCTBUTEIIBHOCTh ® OYCHb MEJIKO3CPHHCTHII
0€30MacHEIN OYHCTHTENE | @  XOpOIIO CMBIBACTCS BOJOI GeITblii MOPOIIOK Ha
Ha CIUPTOBOH OCHOBE. | e pMeeT He3HAYNTEIBHBIH 3aMax |CIMPTOBOM OCHOBE
BeicTpo HCTIAPACTCH, | o  qyBCTBHTENBHOCTD COMIACHO: ® He COIEPIKUT
HE OCTaBJISIs CIIC/IOB. DIN EN ISO 3452-2 — Il-ypoBess ~ |aPOMaTHUECKHX JIOOABOK.
(BBICOKOUYBCTBUTEJIbHBII)
[TPPD I'-7-018-89-11 kmacc
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B kauectBe mcciemyemoro oOpasna ObUIa HCIONB30BaHAa CTajJbHAS IUINTA,
TIpe/ICTaBIsIoNIasl co00i cpe3 MOJOIIBHI peibca U3 CTalk Mapku Y8 (cM. puc. 3).
OO0pa3zern UMeN J1BE BBIXOJSIINE Ha MOBEPXHOCTh HECIUIONTHOCTH — MPOTSHKEHHAS
ycTanocTHas TpelyHa 1 nponui riryonnoi 0,5 MM ¢ packpsitrem 0,14 M.

OuncTka KOHTPOJIMPYEMOH MTOBEPXHOCTH NETATH W TOJIocTel Je(eKTOB OT
BCEBO3MOXKHBIX 3arpsA3HEHHUI MpoBoaMIach ¢ moMousto ouucturens U7 . Ilocne
MTUMHHYTHOTO  TIPOCYIIMBAaHWsS Ha  IIOBEPXHOCTh o0Opas3na paBHOMEPHO
pacmbursiics neHerpant U88, nmeronmii sspko KpacHblid uBeT (cM. puc. 4). Crycrs
HEKOTOpOE BpeMs CyXOi He BOPCUCTOH TKaHbIo ¢ moBepxHocTn OK Obutn ynaneHst
octaTku neHeTrpaHTa. 3ateM Ha OK Hanocuicsa nposiButens U89 m OKOHUATEIbHO
Obul monydeH pe3yabTar KoHTpons (cM. puc. 5). Kak BuaHo w3 puc. 5
oToOpakaeMblil ciell 1eeKTOB — 3TO KpacHbIE JIMHUM Ha MEJIOBAaHHOW Oeloif
TIOBEPXHOCTH MPOSIBUTEIISL.

B pesysnpraTe NpOBEAEHHOTO KAaNMJUIIPHOI'O KOHTPOJS IIBETHBIM METOJOM
MOXHO CJeNaTh CIIEAYIOUIME BBIBOIBI: IO TEXHHKE OE30MIaCHOCTH KOHTPOIb
HEOOXOANMO BBINIOJHATH B MPOBETPUBAEMOM IIOMEIIEHHH C WCIIOIb30BAaHHEM
MepuaToK M pPEecnuparopa; omepaunusi Mmoarorosku mnosepxHoct OK  sBistercs
ocooenHo BakHOH; KHK mo3Bomser KOHTpOJIMPOBAaThH OJHOBPEMEHHO BCIO
noBepxHocTh OK; BBIIBIIEMOCTh Je(EKTOB HE 3aBHCUT OT HX TIIYOWHBI,
noctoBepHOCTs M HarysimHocTh KHK 1BETHBIM MeTonoM Ipu CpaBHUTENBHON
MIPOCTOTE MPOBEIECHUSI KOHTPOJIS.

Cnenyer OTMETHTb, 4YTO XOpOIIME pe3yNbTaThl JlaeT IpHUMEHEHHE
nedexrockornmueckoro Habopa NORD-TEST ¢upmer HELLING GMBH. Habop
OKazaJics BecbMa Y/IOOHBIM B HCIIOJIb30BaHUHM, CIPEH JIAIOT PAaBHOMEPHBIA MOTOK
HE3aBHCUMO OT OCTATOYHOTO KOJIMYECTBA B OaJJIOHE BEIIECTBA U IPH MCTEUCHUH
JUTUTENBHOTO CPOKa OCTAIOTCS MPUTOIHBIME JJIsl pabOTHI (OTCYTCTBYET 3achIXaHHE
COoIUIa PacIHbUINTENs). XOpOIIUe pe3yiabTaThl AaHHBIH HAOOp MOKa3bIBaeT MNpHU
HHU3KHUX TeMIlepaTrypax atMocepbl 1 00beKTa KOHTPOIS, TO €CTh B 3MMHEE BpeMsl.
[MpoHukatomas CrocoOHOCTH IEHETpaHTa MNPAKTHYECKH HE 3aBUCUT  OT
TemriepaTyphl. [locie mpoBeneHHst KOHTPONSL JeTalb JIETKO O4YHWINAeTcss |
TIPUBOANTCS B UCXOTHOE COCTOSTHUE.
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