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Pa3paboTtaHbl 00pa31bl TS KaHIUIIPHO#T 1eeKTOCKOTHN, Ha KOTOPBIX BO3MOXKHBI H3MEPEHHS Ha ONTHYECKOM MHKPOCKOIIE
KaK HIMPUH PACKPBITUSA TOBEPXHOCTHBIX ﬂe(i)eKTOB, TakK U UX FJ'ly6I/IH Ipu OTHOBPEMEHHOM CO6H}O}1€HI/II/I yCHOBI/II;'I HEBBIXOXKJICHUS
nonocrel neekToB Ha OOKOBBIE rpaHU 00pa3oB. [IpuBeneHb! SKCIIepIMEHTATBHEIE JaHHBIE [0 3aBUCHMOCTSIM IIIOIIaaeH cie-
0B 1e(eKTOB Mocie MPOSABICHUS OT UX pacKpbIThil B amamazone 0,5—~8,5 mxm u miybun 40—860 mm. C ucnonb3oBaHuEM
KOPPEJALHOHHOTO aHaJIM3a II0Ka3aHa CTaTUCTUYEeCKask 3HAYMMOCTh BBINIEYKa3aHHBIX IIapaMeTPOB.

Knrwouesvie cnosa: kanwuisipHas 1e()eKTOCKOIHNS, KaNMULIPHBIH KOHTPOJIb, YyBCTBUTEIBHOCTh KAMULIPHOTO KOHTPOJIS,
00pasubl /s KalmWUIIPHOTO KOHTPOJISI, TEHETPAHT, IIPOSBUTEIb.
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Reference blocks for penetrant testing have been developed, allowing measurements using an optical microscope of both
the opening width of surface defects and their depth. In this case, the condition that defect cavities do not extend onto the side
faces of the blocks is met. Experimental data on the dependence of the defect’s indications area after development on their
width (0.5—8.5 pm) and depth (40—860 mm) are presented. Using correlation analysis, the statistical significance of the
above parameters is shown.
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BBEJIEHUE

KauecTBo KanmisipHOH 1e(hEeKTOCKONHMH B 3HAYUTENFHON Mepe 3aBUCHT OT YyBCTBUTEIBHOCTH HA0O0-
pa IpuMeHseMBIX Ae()EeKTOCKOITMYECKUX MaTepHalioB, KOTOpasi M0 CYLIECTBYIOLUIMM OT€YECTBEHHBIM H
3apyOeXHBIM CTaHAApTaM OINpPENENseTCs] C HCIONb30BaHHEM KOHTPOJBHBIX 00pasuoB. B Hacrosmiee
BpeMs B 3aBHCHUMOCTH OT BHJa TakMX 0Opa3lOB CYLIECTBYIOT [IBa Pa3iHYHBIX CIOco0a ONpeneseHHs
YyBCTBHTEIBHOCTH KOHTPOJISL.

CornacHO mepBoMy CHIoOcO0y, OCHOBaHHOMY Ha CPaBHEHHMHU DPE3YyJbTaTOB KAMWUIIPHOIO KOHTPOJIS
WCIIBITYEMBIX Je(eKTOCKOTMYECKNX MaTEPUajIoB C STATOHHBIMU [ 1], KOHTPOIBEHBIE 00pa3Ibl H3TOTABIH-
BAaIOT B BUJIE JIATyHHBIX IIJIACTHH, NOKPBITHIX HUKEJIbXPOMOBBIMU I'aJIbBAHUYECKUMH ITIOKPBITUAMH C TOJI-
mmHamu 10—50 MM [2]. [ledekTsl Ha OKPBITHIX B BHJE Pslia TPEIIUH TONYYAOT WK ITyTeM Jiedop-
MaIliH pacTsoKeHHs 00pasnoB (tur 1), M yaapHoit Harpy3koi (tum 2). [TyOuHBI TpeluH IpUHUMAIOT-
Csl paBHBIMHU TOJIIIMHAM TaJbBAHMUYECKUX MOKPBITHH. LLINpHUHBI packpbITHs NedeKToB B cTaHgapTe [2]
Ui 00pas3loB 000MX TUIIOB HEMOCPEICTBEHHO He HOpMHpYloTcs. st oOpasunos Tuma 1 mpuBOgUTCS
TOJNBKO TpeOOBaHHE HEOOXOAWMOIO OTHOLICHMS IIUPUH PACKPHITUS Ne(EeKTOB K UX IIyOMHaM, KOTOpoe
JOJIKHO cocTaBmATh 1:20 [2].

CymiecTBeHHBIM HEAOCTATKOM pacCMaTpUBAaeMBIX 00pa3LOB SBISAETCS TO, YTO TPEIIUHBI B TaIbBaHH-
YEeCKHUX HOKPBITHAX Ha oOpa3uax Tuna 1 HemogoOHbI peasbHBIM Aedekram u3nenuii:

— TaKkue TPELIMHBI HE3aMKHYTHI U BBIXOAAT Ha Kpasi 00pa3LoB, YTO IPUBOAUT K JIETKOMY YAAJICHUIO
BO3/lyXa U3 MOJIOCTEH Je(EKTOB IPU UX IPOMUTKE NEHETPAHTOM U HCKAKEHUIO PE3yJIbTaTOB KOHTPOJIS 11O
CPaBHEHHIO C UCIIOIB30BAHNEM JAE(PEKTOB C 3aMKHYTBIMHU MOJIOCTSMHU COOTBETCTBEHHO;

— HIMPHUHBI PACKPBITUS U TIYOMHBI TOJIOCTEH peanbHBIX Ne(PEeKTOB Ha M3AEIHAX MOryT Ha 1—1,5
nopsiika U OoJiee MPEBHILATH AHAIOTUYHBIC MapaMeTphl TPEIIMH Ha o0paslax ¢ raJibBaHMYECKUMH
MOKPBITUSIMH.
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Kpome Toro, mpuBonuMeie B cTaHaapTe [2] AaHHBIE O TEOMETPUIECKUX pa3Mepax Ae(eKToB He MOTYT
OTHOCHUTBCSI K METPOJIOTHYECKON aTTecTaliu 00pasioB. B ykazaHHBIX cTaHAapTax Takke He ykazaH 000-
CHOBaHHBIH CcII0CcOO MPOBEPKU KAYeCTBa CAaMHX 3TAJTOHHBIX Ae(EeKTOCKOMNYECKUX MaTepHaoOB.

Bropoii crioco0 ompeneneHusl 4yBCTBUTEIBHOCTH AE(PEKTOCKONMYECKUX MaTepHajioB OCHOBAaH Ha
NPUMEHEHUH KOHTPOJIBHBIX 00pa3loB, U3rOTABIMBAEMBIX OOBIYHO M3 HEP)KABEIOIIUX CTayiel 0e3 mpu-
MEHEHUS MOKPHITUI U COAepKaIlMX OAWH 3aMKHYTBII TYIHKOBBIN e (eKT, HEBBIXOIAIINHI Ha Kpast 00pas3-
na [3—7].

HecoMHEHHBIM JOCTOMHCTBOM TaKuX 0Opa3LOB SIBISETCS HONHOE MOA00HE UX Ae(EeKTOB, IPEACTaB-
JSIIOIIMX 3aMKHYThIE, HEBBIXOASIIME Ha Kpas o0pasla MOJOCTH, PeabHbIM TPEIIMHAM Ha MeTajlInye-
CKHX M3EIHIX.

Cy1ecTBeHHBIN HETOCTAaTOK 00Pa3IIoB 3aKIII0YAEeTCsl B TOM, YTO TPEOOBAHMS BBIIIEYKa3aHHBIX CTaHAAp-
TOB OTHOCSITCS TOJBKO K arTeCTallMd IIUPUH PACKPBITHS Ne(eKToB. ATTecTanus Ie(eKToB Mo TITyOuHe
CTaHAapTaMy He NpenycMaTpuBaeTcs, H (aKTUUECKH STOMY BaKHOMY HapaMeTpy HE YAEINSIOT HHKAKOTO
BHUMAHHMS Kak MPOM3BOAUTENN 00pa3LOB, TAK U MOTPEOUTENH. DTO CBA3aHO C TEM, YTO M3MEPEHUS U arTe-
CTaLusl 3aMKHYTBIX Je(eKTOB Mo NIIyOrHEe METOAaMH Hepa3pyLIAroIero KOHTPOJIsI KpaitHe 3aTpyIHUTENIbHA
Y HE MOXKET OBbITh BBIIIOJIHEHA HA CYIECTBYIOIUX KOHTPOJIBHBIX 00pa3lax ¢ He0OX0AUMOM TOUHOCTBIO.

JanHplil (akT NPUBOIUT K HEOOHO3HAYHOCTH M MCKAKEHMIO PE3YJIBTATOB KOHTPOJS IPH MPOBEPKE
KauecTBa Ae()EKTOCKOIIMYECKUX MaTepuasioB Ha 00pa3lax pa3HbIX MPOU3BOIJUTENEH, B Pe3yIbTaTe Yero
CYLIECTBEHHO CHMJKAIOTCS UYBCTBHTEIBHOCTb M Ka4€CTBO KOHTposA B 1ienoM. Ilpu sTom HeoOxomumo
OTMETHUTH, YTO TMPEAINOIOKECHHE O 3HAYUTENHHOM BIHMSHHH TIIyOWHBI Ne(eKTOB HAa YyBCTBHUTEIHHOCTH
KaIllWIIIPHOTO KOHTPOJIS CIeAyeT KaKk U3 MPOCTOTO JIOTHYECKOTO PACCYKACHUS U TOHUMAaHUS CYITHOCTH
KalTWIISIPHOTO KOHTPOJIA, TaK U U3 IKCIIEPUMEHTAIBHBIX JJAHHBIX, TOJTy4eHHBIX Hamu panee [§]. [Toatomy
HECOMHEHHA U aKTyajbHa 3ajjaya pa3paOdoTKh METOAUKHU, KOTOpasi MO3BOJIWIIA OBl C IOCTaTOYHOW TOYHO-
CTBIO BBIIIOJHATH CPEICTBAMHU HEpa3pyLIAIOIIET0 KOHTPOJIS U3MEPEHHS U aTTeCTaluio IIyOuH nedeKToB
Ha KOHTPOJIbHBIX 00pa3lax Npu YCIOBUH COXPAaHEHUS 3aMKHYTOCTH MX HOJOCTEH.

B Wncrturyre mpuknanuoir ¢usukun HAH benapycn nHamm pa3zpaboTaHa TEXHOJNOTHS TIONYYECHUS
nedeKToB Ha oOpasuax Ui KallWwUIIPHOH Ae(QEeKTOCKONNH, KOTopas 3(QEeKTUBHO pelaeT BhIIEYKa3aH-
HYIO 3a7a4y. TeXHOIOrusl TO3BOJISAET MOMYYUTh Ha KOHTPOJIBHBIX 00pa3uax psil HONepeuHbIX Ae(eKToB ¢
OJMHAKOBBIMU INIyOMHAMU, PACIIOIOKEHHBIX CTPOTO HA OAHOM JIMHUU.

KoHTpopHBII 00pa3el] N3roTaBIMBaioOT U3 HEP/KAaBEIOIIEH CTaN! B BHJIE MPSMOYTOIHHON MeTalTnde-
CKOH TUIACTHHBI C PSAAOM MCXOJHBIX MOTEPEYHBIX Ie(QEKTOB OAMHAKOBON ITyOWHBI H, KOTOPBIC BBIXOST
Ha Kpast oopasua (puc. 1) [9]. [lo muHaM kaxa0ro U3 Ne(hEKTOB JOTOIHUTEIBHO BBIMTOIHSIIOT IEPEMbIY-
KU 2 ¥ 4, pa3gensisi MX Ha psija APYTHX, Ooyiee MENKHUX Je(eKTOB HeoOXonuMoi uinHbl. Ha TakoM KoH-
TpPOJIbEHOM 00pa3ue 00ecreynBaloTCsl KaKk 3aMKHYTOCTb IOJIOCTEH OCHOBHBIX AedekToB 3 (MX Kpas He
BBIXOIISIT HAa OOKOBBIE MOBEPXHOCTH 00pa3ia), TaKk U BO3MOXXHOCTh TOYHOTO M3MEPEHUS ITyOUH Ha JOMOJ-
HUTEJBHBIX OOKOBBIX Jedekrax / U 5, BRIXOAIIIUX Ha Kpas 00pasua, ¢ MOMOIIbIO ONTHYECKOI0 MHUKPO-
cKoma ¢ To9YHOCThIO A0 £0,01 MMm.

HedexTb
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Puc. 1. KonTponeHbIii 00paser /Uit KanwusIpHO# 1e(eKToCKOHH.
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C ucnoip30BaHNEM pa3pabOTaHHBIX KOHTPOIBHBIX 00pa3I[0B HAMHU MPOBEIEHBI KOMIUIEKCHBIE UCCIIe-
JIOBAaHUS IO OMpPENENICHUIO BIMSHUA IIUPUH PACKPHITHA Ne(EKTOB U UX TIyOWH Ha YyBCTBUTEIHHOCTH
KaIWUISIPHOTO KOHTPOJISL.

METO/JMKA ITPOBEJEHUS UCCJEJIOBAHUI

[Ipu mpoBeneHUH SKCIIEPUMEHTAIBHBIX MCCIICAOBAHUN HAMH HCIIONb30Bajlach aBTOMAaTU3UPOBaHHAS
cucreMa 00paboTKY 1 aHaM3a Buaeon3oopaxkenuit [10], mo3Bosstonias NPOBOAUTE U3MEPEHHS IJIOMIA-
nei cinenoB AeeKToB Mocie X MPOSBICHUS.

brimn m3rotoBneHs! 20 oOpa3os u3 HepkaBeromien ctamu AISI 430 (08X17) B Bume mpsIMOYTOIBHBIX
METAUTMIEeCKUX TutacThH ¢ pasmepamu 100x30x6 mm (cm. puc. 1). Kaxknmerii oOpaserr comepkai Imo
5 UCXOMHBIX TIOMEPEYHBIX Ne(EKTOB C ONMHAKOBBIMH PACKPBHITUSAMH U TIIyOMHAMH B €T0 Mpeesax, KOTo-
pBle, KaK YKa3aHO BBIIIE, JOMOJHUTEIHHO Pas3AessIiNch JBYMS IMepEMBbIYKaMH Ha TPU IOTOIHUTENbHbIE
nedekra. JInmuHbl L OCHOBHBIX Je(eKTOB 3 (CM. pHUC. 1) MPUHUMAIUCH AJsl TIEPBBIX JECATH 00pa3loB
17 MM, a7st mocnenyromux aecatd — 15 mm. HLIupuHBI pacKphITHS HCXOAHBIX Ae()EKTOB BapbUPOBAJIHChH
Ha KakaoM obpasue B npezaenax 0,5—8,5 MkM, a m1younsl — B npenenax 40—860 mxm. Pesynbrars
HCCIIEIOBaHUI MOABEPrajiich KOPPEISILUOHHOMY aHallu3y cpeacTBaMu npuiokenus Microsoft Excel.

Kamunnspaeiit koHTponbs o0pasnoB ocymectisuin B coorBerctBuu ¢ ['OCT 18442—80 [3].
[Ipumensamuch nepeKToCKOMMIecKue MaTeprualbl: TIOMUHECIICHTHBINA meHeTpaHT Bycotest FP42, nBet-
Hele nneHeTpaHThl U888 u Rot1001, a Taxke aspo3oibHbIi mposiBuTens US9.

PE3YJIbTATBI UCCJIEJOBAHUI

Ha puc. 2 npuBeneHbl pe3yabTarhbl JJIOMHHECIIEHTHOTO KAHIUIIPHOTO KOHTPOJISL OJJHOTO U3 pa3pado-
TaHHBIX 00pPa3IoB.

640 470 340 270 40

Puc. 2. Pe3ynbTarsl JIOMHHECHEHTHOTO KaNMJUIIPHOTO KOHTpONst oOpasma ¢ 5 nedekTamMu ¢ OJMHAKOBBIMH PAaCKPHITHUSIMHU
2—3 MKM u niepeMeHHbIMHU r1yornHamu 40—640 MKM (yKa3aHBI CBEPXY).

Tabnuua 1
PesynbraTsl KOPPEISLUOHHOTO aHAIK3a 3aBUCUMOCTH TUIOLIAH CIEA0B Ae()EeKTOB OT MX IIyOMHBI U IIUPUHBI
Nemaprun | Tlenerpanr | K070 onuton s | Koxpdyuient xoppenmiun | Koxbpiusens xoppemn R-xsapar
1 FP42 145 0,82 0,84 0,87
2 FP42 178 0,74 0,80 0,77
3 FP42 34 0,68 0,69 0,47
4 FP42 44 0,73 0,76 0,53
5 Us8s 65 0,55 0,57 0,48
6 Rot1001 63 0,40 0,67 0,49

PesynbraThl KOppENSIMOHHOTO aHajiu3a IOJYYEHHBIX IaHHBIX NpPEACTaBICHBI B Tabia. 1, a Ha
puc. 3—5 — NaHHBIC TIO BJIMSHUIO TEOMETPUYCCKUX XAPAKTEPUCTHK Je()EKTOB Ha IUIOMIAIU UX CIICIOB
MOCJI€ NPOSBJICHHUS.
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Puc. 3. 3aBucumocTH miomaaei crienoB 1eGeKkToB oT ux NryouH B quanasone 40—850 MxMm: a — mnHa nedektoB L = 17 mm;
6 — L = 15 mwm. [Tenerpant — Bycotest FP42.
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Puc. 4. 3aBucumocTH mromanei cienoB nedeKToB OT UX NIMPHUH PacKphITHS B AuanasoHe 0,5—8,5 MkM: a — 1umiHa nedekToB
L =17 mm; 6 — L =15 mm. ITenerpaut — Bycotest FP42.
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Puc. 5. 3aBucumocTu mtoniaeii cnenos 1eeKTOB OT UX TIIyOHH (@) U IUpUH packphitus (6). [lenerpant — US8; mmHa nedex-
ToB L =17 Mm.
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Kak BunnHO U3 Tab. 1, ko3 GHUIMEHTH MHOXXECTBEHHOM JIMHEHHOW Koppensnuu X1 (rmyouna) u X2
(mmpuHa) 3HAYUMEBI ¥ TIPUMEPHO PaBHBI MEXAY COOOM, UTO YKa3bIBACT HA CYIICCTBEHHYIO 3HAYMMOCTD U
PaBEHCTBO BIUSHHUS PAacCMaTPUBACMbBIX I'€OMETPHUCCKHX XapPaKTEPUCTHK JS(EKTOB Ha UYBCTBUTEIb-
HOCTh KOHTpOJISL. JlaHHBIH (DAaKT MOTOIHUTENBHO MOATBEPKIACTCS 3HAYUMOCTHIO CTATHCTUYCCKOTO KPH-
tepus R-kBagpar (ko3 duimenTa nerepMuHaLnmg), TOKa3bIBAIONICTO, KaKas JIOJIsl TUCIICPCUU 3HAYCHUI
HCCIIeyeMBIX TUIOINACH clenoB eeKToB onpenensercs nepeMeHHbiMu X1 u X2.

XapakTtep U CyIIeCTBEeHHYIO 3HAYMMOCTh BIUSHUS ITUPUH PACKPBITHS U TITyOWH Ne)eKTOB Ha IJIomla-
I VX CJIEJIOB ITOCJIE MPOSIBIICHHS H, CIIEIOBATEIbHO, YYBCTBUTEIHHOCTh KAMJUISIPHOTO KOHTPOJIS TaKkkKe
MOXHO BHUJIETh U3 AMarpaMM, IPUBEJEHHBIX Ha puc. 3—-5.

BBIBO/IbI

Pazpaboranbl 00pa3ibl Ui KamWDIBIPHOH Je(EeKTOCKONNU, Ha KOTOPBIX BO3MOXKHBI M3MEPECHHUST Ha
OIITHYECKOM MHUKPOCKOTIE KaK IIMPHH PACKPBITHS TOBEPXHOCTHBIX Ie(EKTOB, TAK M X [TyOWH MPH OTHO-
BpPEMEHHOM COOJIIOICHIH YCIIOBUN HEBBIXOXKICHUS TIONOCTEN AeeKkToB Ha OOKOBBIE TPaHU 00pPa3IoB.

OKCIEpUMEHTAIbHO C HCIOIb30BAaHUEM KOPPENSLHMOHHOIO aHAJIW3a YCTAHOBIIEHO CYLIECTBEHHOE
BJIMSHUE NIMPHH PACKPBITUS U TITyOHH 1e(hEeKTOB B KOHTPOJIBHBIX 00pa3ax Ha UYyBCTBUTEILHOCTD KallHJI-
JISIPHOTO KOHTPOJIS.

IIpencraBnsercss 060CHOBaHHON HEOOXOAMMOCTH BHECEHUS B COOTBETCTBYIOIME CTAHAAPTHI OMOJI-
HEHMH MO0 yueTy IIyOMH Ne(eKTOB Ha KOHTPOJIbHBIX 00pa3Lax i KaluUIIPHOH Je(EeKTOCKOIHH.
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