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Marepuasl, UHIUKATOPHBIN CIEL.

OOBEKTOM  HCCIENOBaHUS  SIBISIIOTCA  O0pa3lbl C  UCKYCCTBEHHBIMU
nedexTaMu, MpeAHa3HAuYeHHBIC U1 CAAaYd MPAKTUYECKOTO SK3aMEeHa M0 METOAaM
HEpa3pyLIAOLIEro KOHTPOJIS.

Lens paboTsl — pa3paboTKa W MCCIENOBAHHE METOJOB H3TOTOBICHUS
HCKYCCTBEHHBIX Je(QeKTOB B oOpaslax Uisl cHa4d MPAaKTHYECKOTO SK3aMeHa TIo
METOJ1aM Hepa3pyIIAIOIIEero KOHTPOJIA.

B mpomecce ncciaenoBaHus MPOBOAMICS aHAIW3 HOPMATHBHO TEXHUYECKOU
JOKYMEHTAIINH, TATCHTHBIA MOMCK B O0JACTH CO3J]aHUS MCKYCCTBEHHBIX JE(EKTOB,
pa3paboOTaHbBl M WCCIENOBaHBl HMCKYCCTBEHHBIE JCPEKThI I KaMWUIIPHOU

,ZIG(i)GKTOCKOHI/II/I, COCTABJICHHI IT1ACIIOPTa HA 06pa3u51.
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BBenenue

OnHolt W3 BaXHEWIIMX 3aJay MPOMBIILICHHOCTU SBJSETCS TOBBLIIICHUE
KauyecTBa MNPOAYKIMU. BaXXHbBIM CpEICTBOM PEIICHUS OSTON 3ajaud  SIBIISETCS
aKTUBHOE HCIIOJb30BAaHWE HEPA3pyIIAIONUX METOJ0B KOHTPOJs, Kak TpHu
M3TOTOBJICHUU MPOAYKIIMU, TaK U TIPU €€ IKCILTyaTaI|u.

Hepaspymatommit  xoutposs (HK) sBisiercss T1JIaBHBIM ~ HUCTOYHUKOM
uH(OpPMaIMK O COCTOSIHUM U O€30MaCHOCTH CBAPHBIX KOHCTPYKIIUNA OTBETCTBEHHOTO
Ha3HA4YeHUs (pe3epByapoB, MaruCTPabHBIX HE(TENMPOBOJOB M Ta30MpPOBOJIOB,
0o0Opy/IOBaHUS aTOMHBIX W TEIUIOBBIX OJEKTPOCTAHIIMM, KOPIYCOB CYOB,
KEJIE3HOJOPOKHOTO TPAHCIIOPTA, TOPOJACKUX MOCTOB, XMMUYECKUX OOBEKTOR).

OneHka HAJACKHOCTH W JOCTOBEPHOCTH PA3JIMUHBIX CHCTEM  BO3MOXHA
TOJIBKO TIO pe3yJbTaTaM KOHTPOJIA Ha HCIMBITATEIbHBIX 0oOpaslax, cojAepKallux
UCKYCCTBEHHBIE JIe(DEKThI U3BECTHBIX pa3MepoB, POPMBI K MECTOTIOJIOKEHHUS.

CriennanucTsl HEepa3pyILIAoIIEro KOHTPOJIS, oOy4aroTcs u
cepTuUIMpPYIOTCS JJII YMEHUS HaXOAUTh, paclO3HaBaTh, KIacCU(PULIHUPOBATH
Ne(EKTHI.

ATTrectamusi NMPOBOAUTCA B cooTBeTcTBUM c mpaBuiamu [Ib 03-440-02
aTTeCTallns MepCoHaIa B 00JIaCTH Hepa3pylaromiero koutposis [16]. B 3aBucumoctu
OT TIOATOTOBKM M TPOU3BOJCTBEHHOTO OMbITA CHEIUATUCTBI aTTECTYIOTCS Ha
OTIPEJICTICHHBI YPOBEHb KBaTU(UKAIMU. ATTECTOBAHHBIE CIECIIHAIUCTHI MOTYT
BBITIOJHATH HEPa3pYyIIAIOIMUN KOHTPOJIb TOJBKO TEMU METOAAMHU U TeX OOBEKTOB,
KOTOPbIE€ YKa3aHbl B X YI0CTOBEPEHUHU.

HedekTpl, oOOHapyXKUBaeMble CHEIUATNCTAMHU Ha TECTOBBIX 00pasmax, MOTyT
OBbITh B BHJIC€ ECTECTBEHHBIX HECIUIONIHOCTEH OMPENEICHHOTO THUIIA, KOTOPHIC
BCTPEUAIOTCS B XOJI€ peajbHOro npousBoacTBa. Korja takoit odOpasen, ¢ pasmMepom u
TUNIOM JAe(deKTa HEJAOCTYINEH, TO B TAaKOM CIy4ae MCHOJb3YIOTCS HU3TOTOBJICHHbBIC
o0pasibl C UCKYCCTBEHHBIMH JeexTamu. XapakTEepUCTHKU JEPEKTOB, TaKhe Kak
MecTo, pasmep, Gopma, THI W OopueHTaIus AedexTa B TECTUPYEMOM IK3EMIUIIpE,

MOTYT OBITh ONPEACNICHBbl PA3IMUYHBIMM METOJAAMU HEpPa3pylIaoIIero KOHTPOJIS.
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Hampumep, B  yiIbTpa3BYKOBOM KOHTPOJE, 3TO yIABTPa3BYKOBOW CHUTHA,
OTpaXCHHBIH OT JaedeKkTa, B KAMWULIPHOM KOHTPOJIC — WHIUKATOPHBIA CIIeJ, B
MarHUTOIOPOIITKOBOM KOHTPOJIE — YaCTUYKH MAarHUTHOW CYCIICH3UHW B MeECTax
ne(EeKTOB U T.II.

[TpakTukysch Ha 00pa3max ¢ MCKYCCTBEHHBIMH ACHEKTaMH, CIICIHATUCTBI
HK mpuoOpeTaroT BBICOKYIO CTENCHb YBEPEHHOCTH B CBOMX CHJIaX, YTO B CBOIO
ouepeib, MoApasyMeBacT 0osiee HaIe)KHOE TIOTBEPKICHUE MPAKTUICCKUX YMEHUN B
JTanbHEWIIEM  BO  BpeMs  OOydeHHs,  CEepTU(PUKAIMOHHBIX  DK3aMCHOB,
HETIOCPEICTBEHHO Ha TIPOM3BOICTBE.

Hcxonst U3 mMOCTaBICHHON MPOOJIEMBI, IENbI0 MAaruCTepCKON amuccepTanuei
SBJIICTCS. WCCJCAOBAaHME M pa3pab0TKa HMCKYCCTBCHHBIX JEe(MEKTOB IO METOJaM
HEepa3pymIAlomero KOHTPOJS JUIsl aTTeCTallid CIEHUATNCTOB Ha OIpeIeiCHHBIN

YPOBEHb U KBATU(PUKALIHIO.



I'maBa 2. O030p cnoco00B M3roTOBJICHHUA HMCKYCCTBEHHBIX /e(PeKTOB B

Hepa3pyliawieM KOHTpoJIe

2.1 Cnoco0bl co31aHMSl HCKYCCTBEHHBIX JedeKTOB B o0pa3smax s

YJIbBTPA3BYKOBOM Ae(PeKTOCKONUM

YapTpazBykoBoit  koHTposib (Y3K), oOIMH W3 OCHOBHBIX METOJIOB
Hepaspymiaroiero KoHTposs. I[lpuoOpen HauOOJNBIIYI0 MOMYISIPHOCTH B KOHTPOJIE
KauecTBa CBapHBIX COCIUHEHUH, MO CPAaBHEHUIO C JPYTUMU METOJaMU KOHTPOJIS
KauecTBa cBapku. Kpome Toro, jJjist HEKOTOPBIX U3JICJIUIA OH CTall 00s13aTEIIbHBIM.

CyThb yIbTPa3BYKOBOTO METOJA 3aKJIIOYAeTCs B W3JIYYECHUU B H3JCIHE H
MOCJICAYIONIEM TPUHSATHU OTPAXKEHHBIX YJIBTPA3BYKOBBIX KOJICOAHHI C TTOMOIIBIO
CIIEIUAJIBHOTO 00O0pYAOBaHUS U JajbHEWINEM aHalu3e TOJYyYeHHBIX JaHHBIX C
IEJIBI0 OMNpEeNeNIieHus] Haaudus JePeKToB, a TaKkKe HUX SKBHBAJICHTHOTO pa3Mepa,
dbopmbl  (0OBEMHBIN/TIIIOCKOCTHOM), BHUAA (TOYCHYHBIM/TMPOTSHKECHHBIN), TITyOUHBI
3anmeranusi. [lapameTpbl BBISBICHHBIX J€(EKTOB OIPEACISIOTCS € IMOMOIIbIO

YABTPA3BYKOBBIX Je(PEKTOCKOMOB. [21]

2.1.1 Cnoco0 3aKjIaAKH HEeCIIOMIHOCTH METOA0M IIaTHKA

[InaTtuk 3T0 U3AENUE, KOTOPOE MPUMEHATCS M NMPUAAHUS 3aKIaAHON NeTalu
NPOEKTHOTO TIOJNIOKEHHS, a TaKXKe TMPOEKTHOTO YTOIUIEHHS B (HOpMUPYEMOM
Marepuaine. Ero pazmepsl Bapsupytorcsa ot S0mMm g0 150MM, a TodmmHa OT SMM 10
50mMm. @opmMa OCHOBAHUS IJIATHKA MOXKET OBITH PA3IMYHOMN: KPYTJIOM, KBAJIPATHOU
IPSIMOYTOJIEHOM, 37UTMTICO00pa3Hoi. [22]

JIist co3manusi KICKyCCTBEHHOTO Ne(pexTa B OHOW M3 MOJTOBHHOK CBAPUBAEMBIX
JeTajeil B ONpeAeNieHHOM MecTe (pe3epyeTcss IIJIOCKOJOHHOE OTBEPCTHE
HE0OX0IMMOTO araMeTpa. B manHOe oTBepCTHE BCTABISAETCS MIATHK pUC. 1a, TaKOTro
*e auameTpa. [maTuk, U3roTaBIuBarOT U3 HAILUIABICHHOIO METAJlJIA JKEIaTeJIbHEE U3

TOM € MAPTHU DJJEKTPOJOB, KOTOPBIMU [OJDKEH 3aBAPUBATHCS CBAapHOM WIOB.



[lony4yeHHslii MaTepuan  YCTAaHABIMBAIOT HA KPOMKY JI€Tadd W OOBapHUBAIOT.
TonmuHy miatuka BeIOMPAIOT, UCXOS U3 YCIOBHS, YTOOBI MPU TAHHOW TEXHOJOTUU
CBapKM HE MPOM30LLIO €ro mnpormasieHue. [locme oOBapku miaThkKa 3aBapHBaIOT
cBapHoOi 1moB. PazMepsl miuaTuka u OyayT ONpEeNeNsioT pa3Mephbl HECIUIOMIHOCTH (B
JAHHOM Clly4ae IUIOCKas HECIUIOMIHOCTh THUIMa HECIUIaBiIeHUs KpoMok). Paccrosnue
MeXy AeeKTaMu BBIOMPAIOT MO 3aKOHY ClIydalHbIX yucen. [22] Cxema 3aKiajku

HECIUIOIHOCTHU METOJAOM IIJIATUKA ITOKa3dHa Ha puc. I.
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Pucynok 1 — BBeieHNE HECTUIOMIHOCTEN B CBAPHOM IIOB METOJIOM ILJIATHKA!

d — IIPpHUBApKa IIATUKA, 0— 3aBapKa CBApPHOI'O IBa C INIATUKOM

2.1.2 Cnoco6 co31aHus YCTAJIOCTHOM TPelIMHBI B 00pa3ue

Jlns  co3gaHus  yCTAJIOCTHOM TpemMHBI B 00pasie HeoOXOauMOo c
MOBEPXHOCTH M3rOTaBIMBaeMoOro obpasia (puc. 2, a) CHATh MIIMHAPUYECKON dpe3oit
CJIOW MeTajyia OMpeNeTIeHHOW TIIYyOWHBI (B 3aBUCUMOCTH OT TpeOyeMoil riyOuHBI
3ajieraHusl Cco3/aBaeMoro naedekra), OCTaBisisl B IIEHTPAIHHOW YacTH TEPEMBIYKU
(puc. 2, 6) mmpuHON Ha 2 - 3 MM MEHbIE, YeM IUIaHUpyeMas JJIMHA HCXOIHOU
TpelnHbl. B 1IeHTpe mepeMbluek CcO3[aloT OCTphbI Haape3 rinyounou 1,5 mm. B
pe3yibTaTe MPUIOKEHHUS K 00pa3ly MEepPeMEHHbIX Harpy3oK (KOHCOJIbHBIA WU
TPEXTOUEYHBII M3ru0) B HAJApe3ax MHUIMUPYIOTCS YCTAJIOCTHBIE TPEIIUHBI (puc. 2,

B). Ha HauwanpHOM 3Tame pocTa OHU Pa3BUBAIOTCS KaK MOBEPXHOCTHBIE KpPaeBbIE U



UMEIOT JUIMHY, paBHYIO IIMpUHE MepeMbluek. [lox nelcTBHEM IUKIMYECKHX
Harpy30K TpEUIMHbl MPOPACTAIOT YE€pe3 TEXHOJOTMYECKHE MEPEMBIYKU U
yrayOnsoTes B Teno oopasua. [Ipu 3ToM ux GpoHT HaumHaeT npuodpeTaTb Gopmy
MOJTY?JLTUIICA.

[Ipu nocTmkeHusl ONpeAeNeHHON UIMHBI YCTAJOCTHBIX TPEUIMH CTAHOBSTCS
OoJibllle MIUPUHBI NepeMbluek Ha 2 — 3 MM. (puc. 2, 1). [locne momydeHus TpeuuH
TpeOyeMbIX pa3MEpPOB UUKIWYECKOE Harpy>K€HHE MPeKpalalT. 3aBeplieHuEM
oIepalvy sSBJISCTCS HarlaBKa CJI0sl METajlla Hajl CO3JaHHbIMU edekTamu. [22]

a

2 L F D
==We o

Pucynok 2 — CxeMa co3fianusi yCTaJIOCTHBIX TPEILUMH B 00pasiie

2.1.3 Cnocod co3gaHusi MCKYCCTBEHHOro aedeKkTra Ha HAPYKHOM

MOBEPXHOCTH 00pa3ua ¢ MOMOUIbI0 MHAEHTOPA C HO’KeBbIM BbICTYIIOM

B cootBercTBHM ¢ aBTOPCKHM CBHAETEIbCTBOM 1566265 [23], cmocob
OCYIIECTBIISIETCS CJIETYIONTIM 00pa3oM:

Nunentop 1, ¢ pabouum TOpIioM, MOBEPXHOCTh KOTOPOTO BHITIONHEHA B BHJIC
MWINHApPA 2, COMpsDKEH C¢ OocHoBaHWEM cdep 3 W 4 W HOXKEBBIM BBICTYIIOM D,
PaCIONIOKEHHOTO BIONb MWJIWHApa 2, oOpasem BHeApsieTcs B TpyOy 6, oOpasys
BIIAJIMHY 7 ¢ KJIMHOOOpa3HbIM yriyOneHuem 8. ['myOuny t BHeApEHUs BHIOMPAIOT U3
yeioBust 1,5< t @ 1< 2, roe t; - BbicoTa HOXeBoro Beictyna 5. [Ipu 3TOM BOKpyr
yriyosneHus: 8§, SBISIOIETOCS WHHUIIMATOPOM BO3HUKHOBEHHS W MPOJABUKECHUS
TPEIINHBI, CO3/1a€TCS 30HA IJIACTUUECKON AeopMaluy ¢ HAKJIEOM U CTPYKTYPHBIMH

u3MeHeHusIMU. B nanbHeiiiem tpyO0y 6 ¢ Takum J1e()eKTOM HarpykKaroT MOBTOPHO-
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CTaTUYECKOM HArpy3kod 1O BO3HUKHOBEHHS TPELIMHBI M pa3pylleHUs TpyObl, mpu
STOM MOBBIIIAETCS TOYHOCTh, TAK KAaK JE€(EKT, BHI3bIBAIOIIMI TPEIIMHY, aHAIOTHYECH
nedexkram TpyO, HAHOCHUMBIM TSXKEJIOW T'YCEHHUYHOM TEXHUKOW MpPH CTPOUTEIHCTBE,

TPAaHCTIOPTUPOBKE U CKJIAJUPOBAHUU TPYO OoJbIoro auamerpa. [23]
1 2
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Pucynoxk 6 — Ceuenune TpyOsI ¢ nepextom A-A



2.2 Cnoco0bl co31aHMsi HCKYCCTBEHHBIX Je()eKTOB B oOpa3max i

BU3YAJIbHOI'0 M MBMEPUTEIBbHOI'0O KOHTPOJISA

Busyanbubiii u u3mepurenbHbiii KoHTpoab (BUK) — 310 onun u3 meTonoB
HEpa3pyLIAOLIET0 KOHTPOJII ONTHYECKOro Buaa. OH OCHOBaH Ha IOJY4YEHUH
NEepBUYHOW HMH(OpPMAUU O KOHTPOIUPYEMOM OOBEKTE TMpPU BHU3yaJbHOM
HAOJIFOICHUY HJIH C TIOMOIIBIO ONITUYECKHUX PUOOPOB M CPEIICTB M3MepeHHmid. [1]

BHemHuM ocMOTPOM MPOBEPSIIOT KaYECTBO MOJATOTOBKH U COOPKU 3arOoTOBOK
IO/l CBapKy, KaueCTBO BBINOJHEHHUs LIBOB B IIPOLECCE CBAPKU M Kauye€CTBO I'OTOBBIX
CBapHbIX coeauHeHnil. Kak mpaBwio, BHEIIHMM OCMOTPOM KOHTPOJHUPYIOT BCE
CBApHBIC W3JCIUS HE3aBUCUMO OT [PUMEHEHUs JPYTUX BHUJIOB KOHTPOJIA.
BusyanbHbIil KOHTPOJIb BO MHOTHX CIIy4asiX JOCTATOYHO MH(OPMATUBEH U SIBISETCS
HauboJee ACIIEBbIM U OTIEPATUBHBIM METOI0M KOHTPOJIS.

BusyanbHbiil METOT KOHTPOJIS, ITIPOU3BOAUTCS HEBOOPYKEHHBIM TJ1a30M HIIU C
UCIIOJIb30BAHUEM  YBEIMYHUTENbHBIX Jyn 10 7%. I[lo3Bomsier 0OHapyXUBaTh
HECIUIOIIHOCTH, OTKJIOHEHUs pa3Mepa U (opmbl oT 3agaHHBIX Oosnee 0,1 MM mpu
UCMOJIb30BaHUM MPUOOPOB ¢ yBenuueHueM a0 10x. B coMHUTENpHBIX clydasx U Npu
TEXHUYECKOM JUAarHOCTUPOBAHUU JOIYCKAETCs IIPUMEHEHHUE JIYIl C YBEIUYECHUEM J10
20x. [1, 5]

Ilepen mpoBeneHUEM BU3YaIbHOI'O KOHTPOJIS ITOBEPXHOCTH B 30HE KOHTPOJIA
JOJDKHA OBITh OYMINEHAa OT P)KaBUMHBI, OKAJUHBI, I'PSI3U, KPacku, Macia, OpbI3r
MeTajula, U APYTUX 3arpsA3HEHUM, PEISTCTBYIOIUX OCMOTDPY.

BUK npoBoasT mpu MOMOIIH U3MEPHUTENCH U IPUOOPOB:

®  JIyIIBl U3MEPUTEIILHBIC,

®  IITaHICHUUPKYJIH;

®  JIMHEHKHU U3MEPUTEIIbHBIE METANINYECKUE;

®  YIJIOMEDBI,

®  YIOJIbHUKHU;

® YN

e  malJIOHKI U JIp.



BusyanbHblli KOHTPOJb BBIMOJHAETCS [0 MPOBEACHUS JPYTUX METOJIOB
KoHTpoisi. JledexkThl, OOHapyKEHHBbIE TPU BU3YyAILHOM KOHTPOJE, JOJKHBI OBITH

YCTPaHEHBI JI0 IPOBEICHUS KOHTPOJIS APyruMu Metonami. [1, 4]

2.2.1 Cnoco6 co31aHus UCKYCCTBEHHOr 0 JedeKTa TUIA — KpaTep

Bo30yxaeHune cBapouyHOW IYrd MTPOU3BOJIUTCS TyTeM KacaHUs TOPIIOM
AJIEKTpOJa TOBEPXHOCTH CBAPUBAEMOr0 M3AENUS C OBICTPHIM IOCIEAYIOIUM
OTBOJIOM TOpLA 3JIEKTpOJa OT IMoBepxHOCTU wm3aenus. [Ipu stom ecnm 3a30p He
CJIMIIIKOM BEJIHMK, TPOUCXOAUT MITHOBEHHOE MOSIBJICHUE TOKA U YCTAaHOBJIEHUE CTOJI0A
nyra. Ilpu cnumkom OONBIIOW CKOPOCTH CBapKH, HAIUIABJICHHBIE BallUKU
MOJIyYarOTCsl Y3KUMHU, C MAJION BBIMYKJIOCTBIO, C KPYITHBIMHU YEITyHKaMHU.

Jlist co3nanus nedexra B CBApHOM IIBE HEOOXOIMMO MEIJIEHHO MepeMeNiaTh
3JIEKTPOJI TI0 CBAPHOMY IIBY BaJIMKA, HO MPHU 3TOM KOHTPOJIMPOBATH MOAAYYy TOKA,
JUISL TOTO 4YTOOBI HE TPOM3OIUIO MpOIUIaBIEHHWE CBapHOro ImmBa. [lpu ciumkom
MEJJIEHHON CKOpPOCTH MEPEMEIICHHS AJIEKTPOAa CBAPHOW BAJIMK MMEET CIHILIKOM
OOJIBIIYIO BBIMYKJIOCTh, IIOB TOJIy4aeTCs HEPOBHBIM MO (hopMe, ¢ HaIIbIBAMHU 10
KpasiM.

B xonme capuBaemoil AeTaqu HEOOXOJUMO pe3Ko 00O0pBaTh CBAPOUHYIO
yTy, BMECTE, IJie Toracia ayra oopasyercs riryookuid kpatep puc.7. Kparep moxer
CIIY’)KUTh TIOKa3aTejeM TIyOWHBI MPOIUIABICHUS, SIBISIOMIMICSI KOHIIEHTPATOPOM

HAIPSOKEHUI M 30HOM ¢ MOBBIIICHHBIM COEP/KaHUEM BPEIHBIX IpuMecei. [24]

Pucynok 7 — JledexT cBapHOTO 1IBa TUMA — KpaTeP
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2.2.2 Cnioco0bl co31aHUA UCKYCCTBEHHOTO Ae(peKTa THUNA - TIOApe3

JUist co3naHus HMCKYCCTBEHHOro Jedexta HeoOXOoIMMO B CBapuBaeMOM
Marepualie BO30YIUTh YTy, PACTIHYTh €€ U HEKOTOPOE BPEMs ylIepKaTh HA OJHOM
MecTe JJid MPOrpeBa OCHOBHOI'O MeTajia. 3aTeéM IOCTENEHHO YMEHbLIATh JJIMHY
IYrOBOrO MPOMEXKYTKa, MOKa He o0pa3yeTcss CBapOuYHas BaHHA COOTBETCTBYIOIIETO
pasmepa. OHa JOJKHA XOPOUIIO CIJIABUTHCA C OCHOBHBIM METAJUIOM 1O TOIO
MOMEHTa, KOTJa HAYHETCS MOCTyNaTeIbHOE JBUKEHUE JJICKTPOJa B HAIPaBICHUU
cBapku. B mporecce cBapku HEOOXOAMMO YBEIMYUTHh CUJy CBApOYHOIO TOKa U
nepeMeniaTh 3JIEKTPO BAOJb OCH IIBAa C HEOONBIIMMH KOJEOAHUSIMU, ONMpeaesss
CKOPOCTh CBapku 1o ¢opmupoBaHuto Banuka. [loapes oOpa3yeTcs B yMEHbBIICHUH
CEUYCHMs] IIBAa M BO3HMKHOBEHMHM oOdYara KOHIEHTPAIMM HANpsDKeHUs puc.8s.

YCTpaHsoT MoIpe3bl HAMJIaBKOW TOHKOTO IIBa 10 JIMHUM mojapesa. [8, 9]

TIOIPe3kI

Pucynok 8 — [loape3bl cBapHOTO 11Ba

2.2.3 Cnioco0bl cO31aHUA UCKYCCTBEHHOT 0 Ie(peKTa TUIIA - HENPOBap

HenpoBap B KOpHE MIBa MOHO ITOJIYYUTh W3-3a YMEHBILEHUS TOKA, 4TO,
MPUBOJUT K YMEHBIICHUIO TIyOWMHBI TpOBapa OCHOBHOTO MeTauia. B mpomecce
CBAPKM DJJIEKTPOJ IO CBAapHOMY IIBY NEPEMEIIAIOT MEJIEHHO, YBEIWYMBas
HAMPSHKCHUS TyTH, ¥ U3MEHSIOT (JOpMY IIBa. Y MEHBIIIEHHUE CKOPOCTH CBAPKUA MOKET
MPUBECTH K 3aTEKaHUIO METajyla CBAPOYHOW BaHHBI nepen ayrou. [lpu 3tom meramn
CBApOYHOM BaHHBI HE CIUIABIAETCS C XOJOJHBIM OCHOBHBIM MeTaioM puc.9. K

aToMy Je(deKTy TaK K€ OTHOCAT He3amoJiHeHHe cedeHums mBa puc.10. Jledekr
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BO3HMKAET M3-3a 3aHM)KEHHOTO CBAapOYHOIO TOKA, HENPAaBUIBHOW IOJATOTOBKH
KPOMOK, M3JIMIIHE BBICOKOW CKOPOCTH CBAapKH, HAJIWYUS HA KPOMKAX CBAPUBAEMBIX
JeTajield MOCTOPOHHUX BEUIECTB (OKAJIMHBI, pXKaBUMHBI, 1IJIaKa) U 3arpasHeHui. [lpu

HCTPABJIECHUM HYKHO BBIPE3aTh 30HY HEMPOBApPA U 3aBAPUTH €€.

HEeTpoBap

Pucynok 9 — HenpoBap B KopHe 11Ba

HeECILTOOTHOCTE

Pucynok 10 — He3anonHenue ceueHus mBa
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2.3 Cnoco0bl co31aHUSI HCKYCCTBEHHBIX JedeKTOB B o0pa3smax s

KANWLISIPHOH 1e()eKTOCKONMH

Kanmumnsapras nedekrockonus — SBISIETCS OJHUM W3 OCHOBHBIX METOJIOB
HEPa3pyIIAOIIEro KOHTPOJISA U MpeAHa3HaueHa Uit OOHAPY)KEHUS TIOBEPXHOCTHBIX U
CKBO3HBIX Je(eKTOB B OOBEKTaX KOHTPOJIA, OMpPENEICHHS WX PaCHOJIOKEHUS,
OPOTSHKEHHOCTH M WX OpUEHTAIlMM Ha TOBEPXHOCTH. B  cOOTBETCTBHU C
TEXHUYECKUMU TpPEeOOBaHUSMHU B OONBIIMHCTBE CIIy4aeB HEOOXOIMMO BBISBIATH
HACTOJNIBKO Malble Je(eKThl, 4YTO 3aMETUTh WX TPU BH3YaJbHOM OCMOTpE
HEBOOPYKEHHBIM TJ1a30M MPAKTHUYECKH HEBO3MOXKHO. B Takumx cimydasx HamOomee
NPUMEHHUM - KaJUIIPHBIA METOJT KOHTPOJIs. [3]

KanmumisspHas 1eeKTOCKOMHs MO3BOJISIET KOHTPOJIMPOBATh OOBEKTHI JTFOOBIX
pa3MepoB U GOpM, U3TOTOBJIICHHBIC U3 PA3IMYHBIX MATEPHATIOB: YEPHBIX U IBETHBIX
METaJIIOB, CIIABOB, IJIACTMACC, CTEKJA, KEpaMUKHU M T.M. KanmumuispHBIA KOHTPOIb
IIUPOKO BOCTPEOOBAH MpH e()EKTOCKOTIHH CBAPHBIX IIIBOB.

[Ipu mpoBeneHWH KOHTPOJIS TICHETPAHT HAHOCUTCS HAa KOHTPOIUPYEMYIO
MIOBEPXHOCTH U OJarogapsi CBOMM OCOOBIM KadecTBaM IO/ ACHCTBUEM KaMIJUISPHBIX
CHJI TPOHUKAET B MeNbYaiine AeeKThl, UMEIOIIUE BBIXO/ Ha OBEPXHOCTh OOBEKTA
KOHTpOJIs. [IposiIBUTENb, KOTOPHI HAHOCHTCS Ha IMOBEPXHOCTH OOBEKTa KOHTPOJIS
nocje yaajeHHsl TEHETPaHTa, 4Yepe3 HEKOTOPOE BPEMs PACTBOPSET KPAaCHTENb,
KOTOPBIA OcTaeTcss BHYTpH AedexTa u 3a cueT Au¢@y3uu BBITSITHBAST OCTABIIUNCS

IICHETPAHT Ha ITOBEPXHOCTh 00BEKTA KOHTPOJISA KaK Mmoka3ano Ha puc.11.[3, 4]

Pucynok 11 — Cxema niposiBIieHUsT MHIUKATOPHBIX CJIEIOB Ae(EKTOB
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WuaukatopHsle ciaeAbl B BUAE JIMHUA YKa3blBalOT HA TPEIIMHBI WU
LapanuHbl, OT/I€IbHbIE TOYKU — HA MOPBHIL.

NuaukatopHble pUCYHKH, 00pa3yroluecs Npyu B3auMOJACHCTBUU MEHETpaHTa
U MPOSIBUTENS, TUO0 00J1a1al0T CIIOCOOHOCTHIO JIIOMUHECITUPOBATH MIPU BO3JACHCTBUU
yIAbTpaUONETOBOrO M3JIy4eHHUs, JUOO0 HMEIOT LBETOBYIO OKpPACKy BCIEICTBUE
M30UpaTENbHOTO TOTJIOLEHUs (OTpaKeHHs) YacTH MAJAalolMX Ha HHUX CBETOBBIX
aydel. JINHMM MHOMKATOPHBIX PUCYHKOB uMerT mupuHy ot 0,05 mo 0,3 mm u
BBICOKMI SIPKOCTHBIM M IIBETOBOM KOHTPACT C (POHOM, MOITOMY PHUCYHOK Jeexra
OOHapy>XUTh 3HAYUTENILHO Jierue, yeM cam jaedekt. [Ipuuem oOHapyxkeHue ero Tem
npouie, 4YeM I[IUpe WHAUKATOpHAs JIMHUS W BBIIIE €€ KOHTPAcT ¢ (OHOM.
Nuaukatopuble cieapl B BHJIE JIMHUM YKa3bIBAalOT HA TPELIMHBI WM LApanuHbI,

OT/CIbHBIC TOUYKH — Ha TIOPHI. [4].

2.3.1 Cnoco0 co3ganuss MUKPOTPEIIMHbI IyTeM H3ruda a30THPOBAHHOI0

o0pa3sua

CornacHo aBTOPCKOMY CBHIETENBCTBY Ne266331 [8] cmoco0d u3roToBieHHs
oOpasua aisd KanwuIIpHON Ne()EeKTOCKONMH 3aKiIovaeTcss B TOM 4TO, oOpasell
M3rOTABIMBAIOT B BUJIC TUIACTUHBI ONIPEIEIICHHBIX pa3MEPOB U HArpy>KaroT, CO3/1aBast
B HEM 30HBI KOHIIEHTPAIIMU HAIPSKEHUH, BBI3BIBAIOIINUX MOSBICHUE TPEIIUH puc. 12.
C menpto crabuiu3anuyd TAyOUHBI TMOTY4YaeMbIX TPELIWH, ATAJOH a30THUPYIOT Ha
OTIpPEJICNICHHYI0 TJIyOMHY M M3rMOaroT €ro Ha MaTpulleé C TMOMOIIbI0 IyaHCOHA,
BbI3bIBAs MOSIBJICHHE TPELIMH B A30TUPOBAHHOM CIIO€.

Henocratkom cmocoba sBisieTcst TO, YTO OH HE 00ECIIeYrBAET HEOOXOIUMOM
TOYHOCTH H3TOTOBJICHHSI 3TAJIOHOB, TaK KaK HENOCTOSHCTBO BO3HHMKAIONIUX B
oOpasiie HampsKEHUI BBI3BIBACT TNEPEMEHHYIO TIIyOMHY PpACKpPBITHUS B DTAJOHE
TPEIIUMH MO WX JIJIMHE;, HEONPEIEJICHHYIO IJIOTHOCTh PAaCHpeAesICHUs] TPEUIMH Ha
€UHUIlY TOBEPXHOCTU ITAJIOHA; KPOME TOTO, M3rud 3TajoHa B MPOLECCE E€ro

Harpy>keHHsi MPOBOJUT K €r0 HUCKPUBJICHUIO (TaK KaK OH MPUOOpPETaeT HEKOTOPYIO
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OCTAaTOYHYIO0 Ae(OpMallMI0), YTO B CBOKO O4Y€pelb, MPUBOAMUT K MPOHU3BOJIBHOMY

HU3MCHCHHWIO HIMPUHBI PACKPBITUA TPCIOHWH 11O AJIMHC.

Pucynok 12 — O6pasert, ¢ nedekramu, MOIy4YEeHHBIMH MPU U3THOE

a30TUPOBAHHOIO 00pasiia

OO6pa3zery 1, BBIOSHEHHBIN B BUJE TUIACTUHBI, a30THUPYIOT HA ONPEICICHHYIO
ryOMHy M mnomemarT Ha Marpuily 2. IlpuxmaneiBas xk myaHcoHy 3 ycuiue P,

I{C(I)OPMI/IPYIOT IJIaCTUHY, BbI3BIBast ITOABJICHUC B A30TUPOBAHHOM CJIOC

MuKpoTtpemus puc. 13 [7,8].

Pucynok 13 — minactuHa ¢ TpelmMHaMu, MOJIYYeHHBIMU MTyTEM U3ruda

2.3.2 Cnoco6 co31aHusA HCKYCCTBEHHOH TPelUHbI B 00pas3ie

B coorBercTBHM ¢ aBTOpcKMM cBHACTENbCTBOM1539026 [13], mms co3manus
HMCKYCCTBEHHOTO JepeKkTa 3aroTOBIISICTCS INIACTHHA W3 a30THPYEMOH CTalau C
pasmepamu 50x%50%3, moBepxHOCTH KOTOpoW mumA]yeTrcs Tak, 4TOOBI TapameTp

IEPOXOBATOCTU MOBEPXHOCTU cocTaBisl Ra = 3.4 mxM. B cepeaune cepiasT

MPOXOJHOE OTBEPCTHE AUAMETPOM 5 MM, puc.7. [lociae 3Toro miacTuHa a3oTUPyETCS
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(rmyOuna aszotupoBanuss g0 0,7 MM), oOuyuIIaeTcss OT OKAJIMHBI MEJIKOH
nuindoBaabHONM OyMaro M Kjajaercs Ha CTalbHOE KOJbIO (BHYTpeHHUH nuametp 30
MM, BBICOTAa 25 MM, HapyXHbId nuamerp okojo 60 mMm). Ha mpoTuBomosoxHou
ctopoHe  20-MUJUIMMETPOBBIM  CTalbHOM IHap BAABIMBACTCS C  MOMOIUIBIO
WCTBITATENIHOW MAallMHBI B OTBEPCTHE C CUJION O0K0I0 3 KH, moka Tpeck He ykaxker
Ha oOpa3oBaHHME TpPEIIMH B 30HE pacTsKEHUS. TpeuHbl HU3MEPSIOT TOJ
MUKpockonoMm. IlyreM MOBTOpHOro HajaBiAMBaHUS Ha MEPEAHIO WM OOpPATHYIO
CTOPOHY IUIMTKM MOXXHO VYHOPaBIATH packpbiTieM TpeuuH. [lupuna Ttpeniun
OTpeJeNsieTcs] ¢ MOMOIIBI0 PACTPOBOIO0 CKAHUPYIOUIETO 3JEKTPOHHOIO MHUKPOCKOMA

Impu HGO6XOI[I/IMOM YBCIIMYCHUU. FHY6I/IH3 TPCHIUH OIIPCACIIACTCA IO MOIICPCUYHBIM

uutudam [8,9].

AN S0

§=3 __/| 50

Pucynok — 14 O6pasert, ¢ nedexramu, MOIy4YeHHBIMH MPU U3THOE

a30TUPOBAHHOTO 0Opa3ia

2. 3.3 Cniocod co31aHus UCKYCCTBEHHOT 0 AedekTa THNA — IOpPa

Jist  co3maHusi HMCKYCCTBEHHBIX JEe(PEKTOB B 00pas3lax HCIOIb30BaJICsT
Y4acTOK TpyOOmpoBO/Ja, Ha KOTOPOM BBIMOJIHEHA pa3lelika MoJ cBapKy puc. 15.
[lonyuenHoe yrayOneHue (ma3), 3aBapuUBAaeTC aApPrOHOJAYTOBOW  CBapKol C
no0aBlieHWEM B CBApHOUM IIOB KYyCOYKOB MEIHOTO MpoBoja. B mporecce cBapku
MIPOUCXOIUT HECTUIABICHUE METAJTIa M 00Pa3yrOTCsl TOBEPXHOCTHBIC E(DEKTHI.

JIist  BBISIBIIGHUS TOJMYYEHHBIX JAedeKToB, Ha o0pasmax MPOBOTUTCS

KanwuispHas 1e()eKTOCKOMUSI.
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V9aCTOK TPyOBI
nas CBapKa

L

Pucynok 15 — YuacTtok TpyObI ¢ azoM

2.3.4 Cnoco6 co31aHus MUKPOTPEIMHBI MyTeM 3aKaJKH o0pa3ua

Jlyis co3gaHusi MUKPOTPEIIMHBI OBUT B3ST, KOPIYC BBICOKOCKOPOCTHOTO
NOJAIIMIHUAKA (KOJIbLUEBOM (OpPMBI), M3rOTOBJIEHHBIM M3 ILITAMIIOBOM CTalu C
rabapuTHBIMU pa3MepaMy BHEIIHETo quaMerpa 45 MM, BHyTpeHHero nquamerpa 30
MM, ToJuMHBl 13 MMm. Kopnyc noammnHuka OblUT MOABEPTHYT ayCTEHUTH3ALUU
npu temneparype 800 °C., c¢ Bbpaepkkod B 30 MHUHYT, a 3aTeM MEMNJIEHHO U
paBHOMEpPHO oxJlaxaeH B waciue. Ilocne 3akaiku oOpasen mnojaBepraercs

NUTU(OBAHUIO U MIPOBOAUTCS KAITMIUISIPHBIN KOHTpOIb 0Opasia puc.16 [10].

Pucynok 16 — MukpoTpemnuHa B 00pasiie MmoaydeHHas MyTeM TEII0BOi 00paboTKH
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2.4 Cnoco0bl co31aHUSI HCKYCCTBEHHBIX JedeKTOB B o0pasmax s

MATHUTHO# 1eeKTOCKONHUHU

MarauTHbI Hepaspyllarolui KOHTPOJIb — METOX KOHTPOJIs, B OCHOBE
KOTOPOTO JIEXHUT CIIOCOOHOCTD BBISIBJICHUS PAa3JIMYHBIX MAarHUTHBIX MOJIEH paccesHus,
BO3HUKAIOIIMX  HAJ  MECTOM oOpa3oBaHus  Je(peKTOB TOpH  JIOKAJIbHOM
HaMarHW4MBaHuUW.  VHAMKATOpPHBIM  BEIIECTBOM  SIBJISIETCS  MOPOIIOK  C
(GeppoOMarHUTHHIMU CBOMCTBAMU WJIM MAarHUTHasi CYCIEH3HS. [Io cnocoby
NOJIy4EeHUS IEPBUYHON MHPOPMALIMK Pa3/IesAOT Ha HECKOJIbKO METO/I0B MAarHUTHOTO
KOHTPOJISI: MarHUTONOPOUIKOBBIM, MarHuTorpaguueckuii, ¢eppo3oHaoBbii, 3pdeKxT
XoJuia, MHIYKIIMOHHBIH, MOHIEPOMOTOPHBIN, MATHUTOPE3UCTOPHBIM. [2]

Haubonee pacnpocTpaHeHHBIM METOJOM MarHMTHOM  J1e(peKTOCKONMUU
ABJISIETCS. ~ MAarHUTONOPOIUKOBBIM ~ MeTton. Ilpm  HMcHosb30BaHMM  MeEToAa
MarHuTonopomkoBoit  nedexrockonuu (MIIJ]) Ha HamarHW4YeHHYIO JIeTajb
HAHOCUTCS MAarHUTHBIA MOPOIIOK WM MarHuTHas CYCHEH3Wsl, MPEACTaBIISIOLIAs
co00i MEIKOAMUCIIEPCHYI0 CMECh MAarHUTHBIX YaCTUI[ B JKMIKOCTH. YacTuIiibl
(eppOMarHUTHOrO TOPOIIKA, IIONMABUIME B 30HY JEHCTBUS MAarHUTHOTO IOJIA
paccestHMs, IPUTATUBAIOTCS U OCEJAIOT Ha TIOBEPXHOCTH BOJIU3U MECT PacIO OKEHMUSI
HecruomHocted. [IluprHa mosocel, N0 KOTOPOU MPOUCXOAUT OCENAHUE MArHUTHOTO
HOpOIIKA, MOXET 3HAYUTENBHO MPEBBILIATh pEAlTbHYIO IIUPHUHY JedeKTa.
BcnenctBue 3TOro  naxe O4eHb y3KME TPEUIMHBI MOXHO 3a(UKCHUpPOBATh
HEBOOPY)KEHHBIM TUIa30M. Perucrpanyss INOJy4YEHHBIX WHAMKATOPHBIX DPUCYHKOB
MIPOBOJIUTCS BU3YAIHHO WJIH C TIOMOIIBIO YCTPOHCTB 00pabOTKH m300pakeHusl. [2]

MarauTonoponIKoBblii METOT O3BOJISIET OOHAPYKUBATh 1E(EKTHI:

®  [IPOM3BOACTBEHHO-TEXHOJIOTUYECKHE — OOpasylouluecss BCIEICTBUE
HapylIeHUs WIM NPUMEHEHHs YCTapeBIIEW TEXHOJIOTHH H3TOTOBICHUA ACTAIEH U
y3JI0B, MCIOJIb30BaHNsI HEUCIPABHOTO MHCTPYMEHTA, HEKAYECTBEHHBIX MAaTEPHUAJIOB,

7100 BCIEACTBUE HU3KOTO YPOBHS KBATH(DUKAIIUN CIICIIUATTUCTOB.
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e  DKCIUlyaTallMOHHbIE — OOpas3yromuecss BCJIEACTBHE  HAPYIICHHM
YCTAHOBJICHHBIX MPAaBWJI OKCIUTyaTallud TEXHUYECKUX U3JACIHUM, JIUTEIbHOU

9KCIITyaTallii, CPOKOB W IIPAaBUJI BBIITOJHCHUA PCTIIaMCHTHBIX pa60T.

2.4.1 Cnoco6 co31aHus MOBEPXHOCTHOIO U MOANOBEPXHOCTHOIO JedeKkTa

CornacHO aBTOPCKOMY CBHJICTENBbCTBY [25], M1 co3MaHMS HCKYCCTBEHHBIX
ne(eKTOB UCIONb3YETCSl METANIMYECKast MIIaCTUHA U3 (PeppPOMAarHUTHOTO MaTepHala
TonmuHoN H. B rutactune BhImonHseTcs oTBepeTue 1 ¢ auamerpom d moj BTYIKY 2.
Bo BTyJKe BBINONHSAETCS CKBO3HOE OTBepcTHE 3 Ha miyOuHe t quamerpom d; mpudem
d; or 0,1 H. Conpsxenue Mexay miactuHod 1 W BTynkoi 2 oOpasyer
MOBEPXHOCTHBIA J1ePeKT 4, a OTBEPCTHE BO BTYJIKE OOpa3yeT MOJANOBEPXHOCTHBIN
nedekr 3 Ha rnyouHe t. B nanpHeiem noBepxHocTh oOpasua nuudytot. [lapamerp
mepoxoBatoct Ra 2.5 mxm o 'OCT 2789-73 [14]. Ctpenkamu 5 1 6 moKa3bIBaeTCs
BO3MOKHOE HAalpaBj€HUE MAarHUTHBIX I[OTOKOB IpPH HaMarHMYMBaHUU 0Opasla.
Cxema obOpaslia ¢ UICKyCCTBEHHBIMU Jie(eKTaMHU IIpeIcTaBlIeHa Ha puc. 17.

OOpazell ¢ UCKYCCTBEHHBIMU JAepeKTaMu padoTaeT CIEeAYIOIMM 00pa3oM.
[Ipy HamarHM4YMBaHUM B HaIpaBICHUU S5 0OpPa3ylOTCSd OTIOXKEHHS MAarHUTHOTO
HOPOILIKA B BUJIE JIBYX ITOJIYMECSIIEB Ha IOBEPXHOCTHOM JedekTe 4, a oTBepcTHE 3 BO
BTYJIKE 2 00pa3yeT OTJIO)KEHHE MOPOIIKa B BUJIE€ JTMHUM C MEHbILIEH KOHTPACTHOCTbHIO
(KOHTPaCTHOCTh ~ OTJIOXKEHMS  3aBUCUT OT TIiyOuHbl 3ajeranus t). [lpu
HaMarHW4YMBAaHUM B HAIIPABJIEHUU 6 TakKe 00pa3zylOTCs OTJIOKEHHUS MOPOLIKA B BUJE
IBYX MOJyMECSIEB Ha MOBEPXHOCTHOM JjaedexTe 4, HO OTJIOKEHHE MOpOIIKa OT
HOJMOBEpXHOCTHOTO  nedexta 3 He oOpa3yercs, IOCKOJIbKY HalpaBieHUE

MArdvTHOI'O II0JIAA COBIIAAACT C HAIIPABJIICHHUCM z:e(beKTa.
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2

Pucynok 17 — OOmiuit Bux oOpasiia ¢ HICKyCCTBEHHBIMHU Jedektamu [25]
// // \\\/ //

Pucynok 18 — INonepednoe ceueHne oOpasiia co CKBO3HBIM OTBepcTHEM [25]

Lenpto co3maHus HMCKYCCTBEHHBIX Je(EKTOB SIBISCTCS, PACIIMPECHHE
BO3MOKHOCTECH HCIOJB30BaHUS JAHHOTO o0paslla 3a cuYeT OJHOBPEMEHHOIO
OTpeIeNICHUs] IYyBCTBUTEILHOCTH MarHUTHBIX JE(PEKTOCKONOB K IOBEPXHOCTHBIM U

IMOAIIOBCPXHOCTHBIM ,Z[C(i)eKTaM.

2.4.2 Cniocod co3aaHus TpeuuH B odpasie MeTooM NIngoBaHUs

3aroToBKy oOpasiia u3rotoBisitor u3 craau Y 10A nmo 'OCT 1435-90 [15] B
Bujae muiauHapa jiouHor 250 ... 300 MM, guameTpoB 25 MM. 3akajauBaroOT 10

tBepaoctu 60 ... 63 HKC, 3areM NIUIMHIPUYECKYIO IOBEPXHOCTh 3arOTOBKHU
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nudyor. Ha 1uiMHApUYECKYI0 HOBEPXHOCTh SJIEKTPOJMTHUYECKHM CHOCOOOM
HaHocAT cnoil xpoma TtoimuHoM 0,25 ... 0,30 MM (MO TEXHOJOTUM MOPUCTOTO
XpOMUPOBAHUS).

HunuHapruyecKkyto MOBEPXHOCTh 3aroTOBKU HIIUGYIOT Ha rayouny 0,1 mm
TBEpAbIM aOpa3uBHBIM KpyroM 0e3 oxiaxkaeHus npu nomnepedynor nojgaye 0,03 ...
0,05 MM Ha OuH ABOWHOM XO0J M NpoaosibHOM moaaue 1 ... 3 m / muH. Ilpu sTom B
XpPOMOBOM TNOKPBITUU U CTAJIbHOM OCHOBE 3arOTOBKM 00pa3yroTcs TpewuHbl. [lanee
3aroToBKY MojBepratoT ornycky npu temneparype 160 ... 180 °C. C noBepxHOCTH
MOJIYYEHHOT'0 00pa3la 3JIEKTPOJIUTHUECKUM CIIOCOOOM YAAIAIOT CJIOM Xpoma, mocie
Yero 3aroTOBKY pa3pe3aroT BJOJb OCH Ha JABe yacTd. IIpum 3TOM monydaroTcs ABa
obpa3sia co nunhoBaHHBIMHU TPEIIMHAMH. [2]

Ha nmoBepxHocTu 00pa3iioB BHIOUPAIOT 30HBI C TPEIIMHAMHU, ITUPUHA KOTOPBIX
OlM3Ka K MHUHMMAQJIbHBIM pa3MepaM  TpELIUMH, KOTOpble MPEAIoiaraeTcs
oOHapy’XKHMBaTh HAa KOHTpoOJUpyeMoM oOpa3iie. [IpumepHsiii pazmep 30H 15 x 40 mm.
upuny TpeluH B 30HaX U3MEPSIOT Ha MeTauiorpauueckoM MM U3MEPUTEITBHOM
MHUKPOCKOIIE.

[TomyuenHsblil oOpa3zer] MapKUpYyIOT M MOABEPraroT MarHUTOINOPOLIKOBOMY
KOHTpOJIt0. VIHIUKAaTOPHBIM PUCYHOK BBISBIEHHBIX TpeUIMH (QoTorpadupyror audo
n3rotaBinuBaroT naedexrorpammy obpasma. Ha pucynke 19 mpuBenen obOpazerr c¢

1 ()OBOYHBIMH TpeIIuHAMU. [2]
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Pucynok 19 — [lInudoBouHbIe TPENTUHBI BHISIBICHHBIE MarHUTOIIOPOITKOBBIM

MCTOAOM KOHTPOJIA
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2.4.3 Cnocod co3gaHMsl MCKYCCTBEHHBIX TPCIUUH B IUITAMIIOBOH CTaJH

METOJAO0M TEILJIOBOI'0 BO3HeﬁCTBHﬂ

ltammoBass cTamb OTHOCHUTCS K 0COOOMY THITY BBICOKOIIPOYHBIX CTalleH,
KOTOpasi TMPOWM3BOAUTCS B OCHOBHOM JIsi WHCTPYMEHTOB U JIeTajeil MaliuH.
HITammoBas cTanbh WM HHCTPYMEHTAJIbHAs CTalb HAa3bIBACTCS TaK IMOTOMY, YTO OHA
M3TOTaBIUBACTCS JUTheM B (POpMy, a 3aTeM 3aKansercs. Takue CTalu UCIOIB3YIOT B
M3TOTOBJICHUU OOBIYHBIX HHCTPYMEHTOB - OTBEPTOK M TA€YHBIX KITFOUEH, a TaKKe /ISt
neraneii mammH. J[oOaBneHue yriepona W YKpPEIULIOIMIMX AJIEMEHTOB JENaeT ee
KpaiiHe HErMOKOM.

Tepmuueckas obpabomka:

Tepmudeckast 06paboTKa — 3TO MPOIIECC, Yepe3 KOTOPHIA MPOXOAUT CTANTb IS
npuaaHus HEOOXOAMMBIX CBOMCTB, TaKWX KaK TBEPAOCTb, TPOYHOCTh U
M3HOCOCTOWKOCTh.  OCHOBHBIMH  JTalmlaMH  TEPMHUYECKOH  00paboTku  uis
MHCTPYMEHTAJIBHBIX CTAJICH SBISTIOTCS ayCTCHUTU3AIINS, 3aKaJlKa U OTITYCK.

e AycreHuTusamus — 9T0 (aza, B KOTOpPOH MOJEKYJIbl B CTajlH
YCTaHABJIMBAIOTCA B HEOOXOAUMOM Topsnike. B a3ToM mporecce obxkuraemas ctalb,
Ha3biBaeMas  (eppuT, HArpeBaeTcss 0  TEeMIeparypbl  ayCTEHUTHU3alUH,
BBIICPKUBACTCS B TEUCHUU HEOOXOIMMOT'0 BPEMEHHU M MpeoOpa3zyeTcsi B ayCTEHUT.
Kpucrammnueckas pemreTka CTaid paciiupseTcs, YTO MO3BOJISIET YIIAEPOIY U IPYTUM
AJIEMEHTaM BCTPauBaThCs B HEE.

e 3akalka — OTO OTHOCUTENIBHO OBICTpPOE OXJAXKACHHE CTalH, [0
TeMIepaTypbl HIKE KPUTUYECKOW. MeTramn [OMKEeH OXJIaXAaThCsl JOCTAaTOYHO
ObICTPO. 3aMOpOKEHHBIE 3JEMEHTHI oOecreyaT CTajllb HEOOXOAMMBIMU CBOMCTBaMH,
TAaKUMHU KaK TBEPAOCTh U HM3HOCOCTOMKOCTh. PacmpocTpaHEHHBbIE METOABI 3aKalKu
BKJIIOYAIOT BOJYy, Macllo, BO3IyX, COJIIHOM pacTBOop U BakyyM. llocie 3akankw,
MHCTPYMEHT OCTaeTCsl XPYIKHM, I[O3TOMY HEOOXOAMMO TMepe] HCIOJIb30BaHUEM
MPOU3BECTHU OTITYCK.

e  Oroyck — 3TO Mpolecc MOBTOPHOTO HarpeBa MHCTPYMEHTA, MOCHE €ro

TepMUUYECKOM 00pabOTKU. Y 3TOro HarpeBa MHOXKECTBO (PYHKIUNA. DTO METOA
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JOCTUKEHUS HEOOXOAMMOW TBEPAOCTH Yy HHCTPYMEHTAa, YCTpaHEHUE CTpecca OT
3aKaJIKH, a TAKXKE MPEeBpPALIEHUE OCTABIIErOCS ayCTEHUTa B MAPTEHCHUT.

Cnoco0 co31aHusi UCKYCCTBEHHOTO Je(eKTa B IITAMIIOBBIX CTAJIAX OMKCAH B
cieayrolieM ad3aiie.

JIist co3anusi MOBEPXHOCTHBIX TPEIIMH B 00pa3le He0OOXOIUMO B3SITh JIUCT
ctanu ¢ pazmepamu 100x50x10 MM, TOABEPTHYTh ayCTEHUTU3ALNUH IIPA TEMIIEPATYpE
800°C c Boiaepxkkoit 30 MuHyT. Bo Bpemsi aycTeHUTU3alMK MOTYT C(OPMHUPOBATHCS
BMATUHBI WJW TPEUIMHBI, €CIM CTajlb CXMMaTh WIM poOHATH. [locime mponecca
ayCTEHUTU3AlUU CTalb HEOOXOJMMO HEPABHOMEPHO OXJAaJWTh MpPHU MOMOIIU Macia
wii Bojabl. HepaBHOMepHOE OCThIBaHME BEAET K PA3HOCTU CHJIBI 3aKalKH U
BHYTPEHHEMY CTpECCy, YTO B CBOIO ouepeab BeleT K TpelluHaMm. B nanbHeiem
MOJIYYeHHBIH 00pasel MoJABepraioT NUIM(OBAHUIO JJI TOJYyYE€HUS TOHKUX TPEIIHH.
W3-3a MarHUTHOW MpPUPOJBI HMHCTPYMEHTANbHAs CTalb MMOAXOJUT Kak s

KaHHHHHpHOﬁ }IG(I)CKTOCKOHI/II/I, TaK U OJIX1 MAarHUTOITIOPOIIKOBOT'O MCTOJJa KOHTPOJIA.

2.4.4 Cnoco6 co3nanus aedexra B HAXJIECTOYHOM CBAPHOM COeIUHEHUU

CornacHo aBTOpcKkoMy cBuaeTenbcTBY 1809377 [26], oOpaser cocTouT u3
HIOKHEHW | 1 BepxHel 2 MiIaHKH, a TAKKE UMUTATOpa CBAPHOTO 1IBa 3 B BUJE MPSAMOU
TPEXIpaHHOW Npu3Mbl 3. BEINONHEH W3 ABYX METAIIMYECKUX IJIAHOK, KOTOpPHIE
YKJIaJBIBAIOTCS IPYr Ha Apyra BHAxJIECT, UMUTATOpP CBApPHOIrO IIBA MPEACTAaBISET
co0Ol TPsAMYIO0 TPEXTPaHHYIO TPHU3MY C OCHOBAaHHEM B BHUAEC NPSIMOYTOJIBLHOTO
pPaBHOOEIPEHHOTO TPEYTOIBHUKA, KATET KOTOPOTO PaBEH TOJIIIMHE BEPXHEH MIIAaHKH.
[Ipu3ma BBITIONIHEHA U3 CTANM, WACHTHYHOU MO XMMHUYECKOMY COCTaBYy pPEaTbHOMY
CBapHOMY IIBY, Je(EeKT THUNa HENpoBap BBHIMIOJIHEH CO CTOPOHBI MPSMOTO
JIBYXT'PAHHOTO yTiia TMPHU3MbL. ['paHu mpu3Mbl NUITMGYIOT U CO CTOPOHBI MPSMOTO
JIBYXT'PAHHOTO YTJIa MEPIEHANKYISIPHO TPOTUBOJICKAIIECH TOBEPXHOCTH (Ppe3epyeTrcs
KaHaBka mupuHOM 0,5 MM, rinyoumnHoi 1,8 Mm. YKiIaagplBalOT COCTaBHBIC YaCTH

oOpa3sia, kak oka3ano Ha puc.20. [26]
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Kpome Toro, npuzma MoOXeT ObITh BBIIIOJHEHA MOJIOM U3 TEPMOIUIACTUYHOT O
Marepuasia U umeeT AedeKT 4 Tua HEmpoBap, MOJOCTh 3alOJIHEHAa MarHUTHBIM
MOPOIIKOM 6, a MOBEPXHOCTh OOJIbLLIEH T'PaHU MPU3MBI BBIIIOJHEHA C HEPOBHOCTAMU

7, HACHTUYHBIMHU HCPOBHOCTAM IMOBECPXHOCTH PCAJILHOI'O CBAPHOI'O IIBA.

1\ f /

K

Pucynok 20 — Ceuenue o6pasiia B HaXJICCTOUHOM CBApPHOM COSJTMHCHHU

1,2 — nnactunbl, 3 — TpexXrpaHHas npu3Ma, 4 — HermpoBap,

Pucynok 21 — Ceuenue oOpasiia B HaXJICCTOUHOM CBApPHOM COCIMHCHUH

1,2 — nnacTuHbl, 7 — HEPOBHOCTHU CBAPHOIO 11IBa, 6 — MATHUTHBIN MOPOIIIOK

JlaHHBIN crI0cOO OTHOCHUTCS K 0OJIACTH MarHUTHOHN JTe(EKTOCKOIUU U MOXKET
OBITH MCTIOJIB30BAH JIJII KOHTPOJIS HAXJIECTOYHBIX CBAPHBIX COCTMHCHUM.
Lenbro M300peTeHUS SBISETCS IOBBIMICHUE JOCTOBEPHOCTH MAarHUTHOTO

KOHTPOJII HAXJICCTOYHBIX CBAPHBIX COCI[I/IHGHI/H?I.
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2.4.5 Cnoco0 co3gaHusi MCKYCCTBEHHOT0 Je()eKTa 3JIeKTPOIPO3UOHHBIM

METOI0M

CornacHo aBTOpckoMy cBuaeTenbecTBy 1810805 [27], oOpasem coaepKuT
OCHOBY TIPOM3BOJILHOM (hOPMBI, HAIPUMEP IUIACTUHBI | C KPYIJIBIM OTBEPCTHEM, B
KOTOpOE 3allpeccoBaHa BCTaBKa 2 3amoJjIuIO ¢ padoyeill MOBEPXHOCTHIO OCHOBBI.
[Inactuna 1 1 BcTaBKa 2 BBINIOJHEHBI U3 OJHOM U TOM € CTalu, KOTOPbIE HAXOASATCS
B OJIMHAKOBOM TEPMHUUYECKOM COCTOSIHMU. Ha CcTOpoHE BCTaBKH, BBIXOJSIIEH Ha
pabouyr0 TMOBEPXHOCTh OCHOBBI, BBIMIOJIHEHBI JIBE€ B3aMMHO MEPICHAUKYISPHBIC
npope3n mupuHod I w  raybwHot L. BeimogHeHue  JABYX  B3aMMHO
NePHEHIUKYISIPHBIX TpOpe3ed MO3BOJISET C TMOMOIILI0 OJHOIO0 CTaHJIApTHOTO
oOpas1iia mpoBEPSITh BHISBISIEMOCTh JC(HEKTOB PA3IUYHOTO HAIPaBICHHS, €CJIM OHU
pactionoxensl oA yriaom (90+£30)° oTHOCUTEILHO HaNIpaBIeHUS HAMarHUIUBaHMUS.

Yacte BcTaBkM 2, couepxarmias mnpopesu, umeeT guamerp D1 Oombiie
nuamerpa D2 kpyrioro orBepcTus B ruiacTuHe | M OCTaNbHOM YacTu BCTaBKH. J{ruHa
| vactu BcTaBku auamerpom D1, coctaBmser (0.5-0,7)L. ITocae Toro, kak BcTaBka 2
3alpeccOBBIBAETCS B KPYIJIO€ OTBEpCTHE IUIACTHHBI 1, Ha BCTaBKe oOpaszyercs
BBIXOSIINI Ha pab04yI0 MOBEPXHOCTh OCHOBBI HCKYCCTBEHHBIN JIe(DEKT B BUE ABYX
B3aMMHO NEPNEHIUKYJIAPHBIX IPOPE3€EH, IUPUHA PACKPBITUS KOTOPBIX OMPEAEISIETCS
o ¢opmyie 4

t=T-(D1-D2) 4)
rie (D1-D2)<T

Takum  oOpazom Ha pabodeil MOBEpXHOCTH oOpasma  co3maeTcs
MCKYCCTBEHHBIN Ne(PeKT, MMEIONINI 3aJaHHYI0 HIUPUHY pPACKpbITUS 1, KOTOpas
MEHbIlIE IHPUHBI T Mpope3ell Ha BCTAaBKE, BBINOJHEHHBIX 3JIEKTPOIPO3UOHHBIM
CIIoco0OM JI0 3alpecCcOBKH €€ B 0TBepcTHe Ha mactuHe 1. [llupuHa uCKyCcCTBEHHOTO
nedekTa Ha TOBEPXHOCTH oOpaslia ompeersieTcss mpeBbimeHneM nuamerpa D1
BCTAaBKH 2 OTHOCUTENBHO nuameTpa D2 oTBepcTus Ha muiactuHe 1 mpu 00s13aTeIbHOM
BeimosHeHnn ycioBus D1 — D2< T . YUem OGomnpme guamerp D1 ornmuaercs ot

nuametrpa D2, TeM MeHbllle MIMPUHA PACKPBITUS UCKYCCTBEHHOTO Je(deKTa BCTABKU
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2, 3ampeccOBaHHON B OTBEpPCTHE IUIACTUHBI 1. MUHMManbHOE 3HAYEHUE IIMPUHBI
packpbITus nedeKTa, MpakTUUEeCKUu paBHOE HYJIIO, MojiydaeTcs npu paBeHcTBe D1 —
D2=T. Jlns nedopmaruu dYacTd BCTaBKH 2, JuMHA | yacTu BcTaBKkHM puc.22,
uMmeroieid nuamerp D1, nomkHa ObITh MeHbIIE TIyOUHBI Ipope3eid L U cocTaBisATh
(0,5-0,7)L B 3aBHCcMMOCTH OT CBOMCTB Marepuaia oOpasia. Uem BbIlIe TBEPAOCTh
MaTtepuajia BCTaBKHM 2, TeM Oosblie riayOuHa npopeseid. ['myouna npopesu L nomkna
npeBbImaTh JUIMHY | BctaBku Oomnbiero auamerpa D1. [{ins 0Opa3ioB, BEIMOIHEHHBIX
U3 TBEPABIX TEPMOYIPOYHEHHBIX CTaJlel, JOJDKHO BBIMONHATHCS ycioBue I~ 0,5L.
Jliist 00pa31oB, BHIOJHEHHBIX U3 MSTKOM CTalM, HAXOMASAIIEWCS B OTIYIICHHOM HIIA

HOPpMAJIM30BAHHOM COCTOAHUU, HOCTATOYHO BBIIMOJHCHUC COOTHOUICHUA | ~ O,?L

[27]

D2

2 L

D1 —F
-/ .
)'_ T
e

Pucynoxk 23 — BcTaBka ¢ nmpope3siMu BBITTOJHEHHAS 3JIEKTPO3PO3NOHHBIM

1=(0.5-0.7)L
) 1

criocooom [27]
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JlaHHBIN CcMOCOO OTHOCHUTCS K HEpa3pyllalolleMy KOHTPOJII0 KauyecTBa
U3JIeTUi, a UMEHHO K MarHUTHOMY KOHTPOJIO J€(PEKTOB THUMA HECIUIOIIHOCTU B
(eppOMarHUTHBIX U3JEIUSAX, U MOXKET ObITh MCIOJB30BAHO B PAa3IUYHBIX OTPACIAX
MammHocTpoeHus.  llenbio  u300pereHus  sABIAETCA — paclIMpeHue  00JacTu
UCIIOJIb30BAaHUSI 3@ CYET ONpEeJeieHUs] HANpaBIEHHOCTH MAarHUTHOIO TOJS H
MOBBILLIEHUS JOCTOBEPHOCTH KOHTPOJIA Je()EKTOB B METALIOM3ICIMIX 3a CUeT
BBITIOJIHEHUSI IPOPE3H TpeOyeMoi mupuHbI. [27]

OOpazery ¢ HUCKYCCTBEHHBIM Je(eKTOM B BHUAE JBYX B3aUMHO-
NEPNEeHIUKYISPHBIX TMPOpPE3ed TMO3BOJSAET HUMUTHUPOBATH AC(PEKThl Pa3IUYHOTO
HanpaBJIeHUs Ha 00BEKTAaX KOHTPOJIS TPOU3BOIBHON (DOPMBI, UTO SBISETCS OOJBIIUM
NPEUMYILIECTBOM TMpeiaraéMoro oopasia, Tak Kak B MarHUTHOM Je(pexTocKomuu
peKUM  HaMarHWYMBaHUS,  OMNPEACNAIONIMI  BBISBISEMOCTh  Je(peKToB, B
3HAYUTEIBHOU CTEMEHU 3aBUCUT OT (POPMBI M Ta0apUTOB KOHTPOJIUPYEMOTO U3/IEIHS.

WzroToBiienne Ha MaHHOM oOpaslle MCKYCCTBEHHBIX J1e(PeKTOB 3aJaHHOMN
IIMPUHBI  PACKPBITUS TPEJICTABISET BO3MOXKHOCTh OIICHKM BBISIBJICHUS Ne(PEKTOB B
3aBHCHMOCTH OT MX LIMPHUHBI, YTO MO3BOJISIET UCIOIB30BaTh 00pa3Lbl HE TOJIBKO JJIs
HOPOBEACHUS KOHTPOJSI CPEACTBAMHM MAarHUTOINOPOIIKOBOM AePEKTOCKONUEeH, HO U

HPUMEHSITH 00pas3Iibl JJIsl POBEICHHUS METPOJIOTHUECKOM aTTecTaruu. [27]
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I'maBa 3. IIpakTHyeckass peaju3anusi CcHOCco00B M3rOTOBJICHUS

HCKYCCTBCHHBIX )Ie(l)eKTOB

3.1 Cnoco0 co31aHusi HCKYCCTBEHHOI0 Ae(peKTa THIIA — [Opa

JIist co3laHus MCKYCCTBEHHBIX Je()EeKTOB B 00pa3lax MCMIOJIb3YeTCsl y4acTOK
TpyOOmnpoBOa, Ha KOTOPOM BBINOJHEHA pa3jelika Mo cBapKy (cM. puc.l5, rinasa 2).
[Tonyuennoe yrayOnenue (ma3), 3aBapuBaeTCid apPrOHOAYTOBOM CBapKOW C
no0aBlIeHHEM B CBapHOW IIOB KYCOYKOB MEIHOTO MpoOBOjAa. B mporiecce cBapku
MIPOUCXONT HECIUIABIICHUE METalUIa U 00Pa3yrOTCs MOBEPXHOCTHBIC Ie(hEKTHI.

JIns BBIABJICHUS TOJMYYEHHBIX JedeKTOoB, Ha oOpasiax Oblia MpoBEICHA
KanmwuisipHas nedexrockonus. Jlanueie aedekTsl ObUTH pactiudpoBaHbl  COTIACHO
I'OCT 18442-80 [5], mupuHa packpsiTus AedekTa onpeaensercs mo X KOOpAUHATE,
a BbicoTa 10 Y. [lonydeHHble pe3ynbTaThl MPUBEACHBI HA pUCYHKaxX 24, 25, 26 u B

tabaunax 1,2,3.

X

X

Pucynok 24 — ®otorpaduu obpasia c nedpexramu

Ha oGpasue Ne 107 mocne kanuuisipHOi 1e(eKTOCKOMUHU BBISBICHO 4 MOPHI,
pa3Mepbl ¥ KOOPAWHATHI KOTOPBIX OBLTA U3MEPEHBI TTPU TIOMOIIHN JIMHEUKH U
pynetku. [{nnnaa nedexra namepsiiack mo X KkoopauHarte, a Beicota mo Y. JledekTs
o1 Homepamu 1,2 u 4 IMEIOT OKPYTITyI0 popMy, Tak Kak oTHomeHue X/Y<3mm,
I'OCT 18442-80 [5], a nedext moa HoMepoM 3 umeeT pa3mep 3,1 MM B PUOITIKEH K

Tpemmune. B Tabnuie 1 mpuBeaeHbI KOOPAWHATHI U pa3Mephl 1e(EKTOB.

28



Tabnuia 1 — Pazmepsl gedextoB obpasia Ne 107

No Tun Koopaunate! nedekra, Mmm Pazmepsl
nedexra VHJAKaluU XH XK YH Yk XIY

1 A200 37 39 69 70 2,0

2 AlS50 40 41,5 69 70 1,5

3 A 3,0 80,5 83,5 70 71 3,0

4 Al1,00 104 104,5 70 70,5 1,0

X X

Pucynok 25 — ®ororpaduu obpasua ¢ nepexramu

Ha oGpa3zue Ne 109 nocne kanuuisipHoi 1e(eKTOCKOIIMU BBISBICHO O TOD,
pa3Mepbl M KOOPIWHATHI KOTOPBIX OBUTH U3MEPEHBI TIPH MIOMOIIH JIMHEHKN U
pynetku. [nuHa nedekra namepsuiack mo X KoopauHate, a Beicota mo Y. JledekTor
o Homepamu 1,2 u 4,5 umerot okpyriayo Gopmy, Tak kak otHomeHHe X/Y<3MM,
I'OCT 18442-80 [5], a nedext noa HomepoM 3 umeet pazmep 3,3 MM U IPUOJIFKEH K

Tpemune. B Tabnuie 2 npuBeaeHbl KOOPAUHATH U pa3Mepsl 1e(HEeKTOB.

Tabnuna 2 — Pa3smepst gedextoB obpaszma Ne 109

No Tun Koopaunate! nedekra, Mm Pa3zmepnr
nedekTa | MHIMKAIUU XH Xk YH Yk XIY

1 A1,50 7,5 9 71 72 1,5

2 A0,50 21,5 22 70 70,5 0,5

3 A 3,5 72 75 71 72 3,5

4 Al150 76,5 77 72 72,5 1,5

3) A050 107 107,4 69 69,5 0,5
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Pucynok 26 — ®ororpaduu ¢ nedexramu oopaszua Ne 110

[locne  mpoBeaeHWs  KaNWUISIPHOTO  KOHTpOJisA,  AedeKTbl  ObLIn
pacmdpoBaHbl TeM K€ crnocoOoM, KOTOpblii ObLT omucaH Bbime. Ha oOpasie
nposiBwiioch 3 gedekra okpyriaon ¢opmbl cormacHo  ['OCT 18442-80 [5].

Pe3ynbTaThl npuBeacHBI B TabMIIE 3.

Tabmuma 3 — Pazmeps! gedextoB B o6paszie Ne 110

No Tun Koopnuuate! nedexra, MM Pasmepbi
nedexra WHTUKAITUA Xu Xk YH Yk XY

1 A050 71 71,5 67 68 0,5

2 Al150 76 77,5 68 69 1,5

3 Al50 76 77,5 64 65 1,5

Ha nannbie 006pa3iibl OBLIM COCTABJICHBI MACTIOPTa C YKa3aHUEM KOOPIAWHAT U
pasmepoB nedekra. Ha oOpasznax uMerTcsl Kak JONMyCTUMBIE TaK M HE JOIMYCTUMbIC
nedexTsl B 3aBUCcHMMOCTH OT BbIOpanHoro HTJ[ mo omenkm kadectBa. OguH u3

[acIIOPTOB IIPUBENICH B MPWIOKEHUU b.
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3.2 Cinocod co3naHHs HCKYCCTBEHHOIO jAeekra — IOBEPXHOCTHAS

TPelMHA

JUist co3gaHusi MOBEPXHOCTHOM TpellMHA ObLT HCIONb30BaH JIMCT CTalu
pazmepamu 100x50x10 mm. Ha janHOM 00pasie BBINOIHAETCA pa3/ieKa Mo CBapKy.
JlanHoe yriyOJjeHue 3aBapuBalioCh aproOHOJYTrOBOM CBapkol ¢ J00aBICHUEM B
CBapHOM I1I0B MEAHOro mpoBoja. Bo BpeMs cBapku, Mellb pacIjiaBisieTCs BMECTE C
MPUCAJOYHBIM TPYTKOM M OCAXJA€TCS B CBAPOYHOM YIIYOJNEHUH B Pa3IUYHBIX

Mmecrax. [locie cBapku oOpa3zer ObUT MOABEPrHYT HArpy3Kke, Kak MOKa3aHo Ha puc.27

CHna

EHYIPEHHAR CTOPOHA

\\ T ——

BHEMHA CTOPOHA Owomcpm

Pucynok 27 — 3aru6 nauiieBoi MoBepXHOCTHIO IIBa HAPYKY

TONEATENE

KoandecTBo M3rnOOB BIMSICT HA BEIMYMHY W IIHPUHY TPEIIHH. Yem OoJibiie
YKCJIO U3rUO0B, TEM OOJIBIIIE KOJMYSCTBO TPEIIUH U UX MIUPUHA PACKPBITHS.

B nmanHOM mcnibITaHUK OBUT MCIIOJIB30BaH TOJIBKO OJIMH M3ru0 obpasna. [locne
Harpy3ku oOpasenr Obl1 moaBeprHyT uumdosanuto. [lomydeHHsld  oOpasenn

MpEeACTaBIIECH Ha puc. 28.
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Pucynok 28 — O0pasell ¢ moBepXHOCTHBIMU TpetuHaMu Ne 16

Ha usroroBinenHoM o06pasiie Oblia MpoBeeHa KanuuIsIpHas 1e(eKTOCKOMIus,
B PE3yJIbTaTEe KOTOPOU MPOSIBUIIMCH 2 TPEIIHHEI.
Ha oOpa3zer; cocTaBieH macmopt, B KOTOPOM YyKa3aHa JIJIMHA WHIWKATOPHBIX

cienoB. [lacnopt npuBeaeH B mpuiioxkeHuu B.
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3aKJII0UYeHHe

B xone Hanucanust MarucTepcKou auccepTanuy ObUTH PACCMOTPEHBI MpaBUia
[0 aTTeCTallMd CHEIUAIUCTOB Hepaspyllaromero KoHTpoisia. FccienoBansl
aBTOPCKHE CBUJICTENILCTBA MO M3TOTOBJICHUIO UCKYCCTBEHHBIX JIe(PEKTOB B 00pa3nax,
MIPUMEHSIIONIMXCSL B Pa3IMYHBIX MeTojax Hepaspymatouiero koutposs (BUK, V3K,
MIIK, I1BK).

Ha ocnoBe mpoBeneHHOro uccienoBaHus ObUIM pa3paboTaHbl 00pa3Illbl C
UCKYCCTBEHHBIMU JIeeKTaMu JJIsl KanmuwisspHou nedexrockonuu. [[ns BhIsIBICHUS
nedexToB ObuTa MPOBEJCHA IIBETHAS KaMWLISIpHAs 1e(EKTOCKOIHUsI, BCIEICTBUE YETO
WHJIMKATOPHBIE CIIe/Ibl Ha 00pa3iax Mmoka3ajid HAIMYKUE TOBEPXHOCTHBIX Je(EKTOB, a
UMEHHO Top W TpemuH. Ha o0Opasnax cojaepkarcs Kak JOIMYCTUMbIC, TaK U HE
JOTyCTUMBIE 1Ie(EKThl B 3aBUCUMOCTH OT BbIOpanHoro HTJI mo orieHke kavecTsa.

B kadecTBe JoKkymeHTa cojepkamiero B cebe HHpOpMAIUI0 O THIAX
neekToB OBUIM COCTaBJICHBI Tacrmopra Ha o0pasubl. [lacmopT caepxuT
WUTIOCTpAIMI0 00pa3lia C MNPOSBICHHBIMU WHANKATOPHBIMHU CJEIaMH, a TakK e
JTaHHBIE O pa3Mepax UHAMKATOPHBIX CIEOB U KOOpAUHATaX 1e(EeKTOB.

Pa3pabGoTanHble B X0/i€ BBINOJIHEHUS MAaruCTepCKOW auccepTaui 00pasiibl
MOTYT OBITh HCIIOJIb30BaHBl B JIA0OPATOPHBIX paboTax MO KypCy «KOHTPOJIb
IpOHMKAKIMMHU BemecTBamMu» Ha kadeape OMIIK HMHK TITY. Tak xe
pa3zpaboTaHHble 00pa3lbl MOTYT HCIOJIB30BAThCSl B ATTECTAIMOHHBIX LIEHTPAX IS
oOydeHus crneruanucToB 1o Kypey [1BK.

B nanpHeiilieM muiaHUpyeTcsi M3rOTOBJIEHUE YHUBEPCAIBHBIX O00pa3loB C
MCKYCCTBEHHBIMU Jle(peKTaMu, KOTOPbIE MOTYT OBITh MCIIOJIB30BaHbl OJTHOBPEMEHHO
KaK CPEeACTBO MJis aTTECTallMM CIEIUATUCTOB MO BCEM METOJaM Hepa3pyLIarollero

KOHTPOJISI.
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IIpunoxenune A

Pasznen 2

Cnnoco0bI M3rOTOBJEHUS UCKYCCTBEHHBIX Ne(heKTOB

Methods of producing artificial defects

CryneHr:
I'pynna DPUO Hoanuch Jara
1bM4A IIponuyeB Erop AsnexkceeBnu
KoncyabTanTt kadenpo_ OMIIK
Jlo/zKHOCTH DdUO Yuenast cTeneHb, Hoanmucn Jara
3BaHHUE
Jlouent KanunudeHko K.T.H.
HuxkoJiaii IlerpoBuy JOLIEHT
KoHCcyabTaHT — IMHIBHCT Kadeapbl HAPT
JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanucy Jara
3BaHHUE
JOLIEHT Ycro:kaHnHA AHHA K.pui.H.
KoHcTaHTHHOBHA

34




Methods for producing artificial defects
Introduction

Today, with the growing demands for quality, reliability, safety and
remaining life prediction of components, non-destructive testing personnel are
entrusted with more responsibility than ever. NDT experts performing test, undergo
rigorous training and are required to pass certification examinations as per the
schemes stipulated by the national or international standards prevailing in the
respective country. For renewal or revalidation of a certificate, which is valid only for
a limited period, it becomes necessary for NDT personnel to keep their NDT
knowledge up to date. Above and all certain industry also wants to check the
proficiency in the respective industrial sector and therefore NDT personnel are
trained to detect and characterize the associated natural defects rather than artificial
defects. Welding being the most popular industrial sector and crack being the most
severe defect. [10]

A reliable method for the non-destructive inspection system verification and
the acceptance of the flaw detected by the system is the use of actual or representative
test parts containing natural discontinuities of the type and severity normally
encountered during the actual production. When actual or representative test parts
containing natural discontinuities of the type, location and size needed for evaluation
are not available or impractical then fabricated test part with artificial discontinuities
such as flat bottom holes, slots, notches, side drilled holes etc. or commercially
available defect sample may be used for evaluating the flaws and the performance of
the NDT system. Characteristics, such as location, size, shape, type and orientation of
a natural flaw in the test specimen can be determined easily if its signal is compared
to that from an artificial flaw which simulates it in all aspects. To some extent,
notches represent surface opening flaws like cracks, lap, seam etc. Flat bottom holes
are representative of embedded flaws like inclusions, laminations etc, whereas linear

flaws inside the materials are represented by side drilled holes.
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Besides system verification, defect samples are also used for checking and
certifying the practical skill of the NDT personnel. Use of representative test parts
with natural discontinuities are considered to impart high level of confidence to the
NDT personnel and therefore, day by day, their use is considered more reliable for
certifying the practical skills of NDT personnel during training and certification
examination. Various standards and codes applicable for NDT certification courses
being followed in different countries are making the use of such defect samples

compulsory during training and examinations.
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2. How to create defects for ultrasonic testing

Ultrasonic inspection (USI) , one of the main non-destructive testing methods.
It gained the greatest popularity in the quality control of welded joints, as compared
to other methods for quality control of welding . In addition, it has become
mandatory for some products. [21]

The essence of the ultrasonic method is radiation in the product and the
subsequent adoption of the reflected ultrasound using special equipment , and further
analysis of the data to determine the presence of defects , as well as their equivalent

size, shape (volume / plane ), type ( dot / extended ), depth occurrence.

2.1Method tab by discontinuities platik

Platik is manufactured, which flies applied to make the mortgage detail design
position, as well as the project of drowning in formiruemom material. Its sizes range
from 50mm to 150mm and thickness from 5mm to 50mm.

This material is used for ultrasonic flaw detection creation artificial defect and
its subsequent finding. A method of creating these defects is described in the next
paragraph.

Platik, made from weld metal is more desirable from the same batch of
electrode , which should be brewed weld. The resulting material is set to the edge
details and scald. The thickness platika selected based on the condition that if this
did not happen technology welding the plug penetration. After welding platika
brewed weld. Dimensions platika and will determine the size of discontinuity (in this
case flat lack of adhesion type lack of fusion). The distance between the defects is
selected according to the law of random numbers. Bookmark discontinuity circuit is

shown in figure 1. [22]
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Welding seam

Platik

a Discontinuity flaw
AN
Welding ends
b Discontinuity flaw

Fig. 1 — Introduction discontinuity flaw in welding seam approach platik

a — weld platik, b - cleft welding

2.2Method receipt artificial flaw in specimen

The invention relates to nondestructive testing methods and can be used in
ultrasonic testing for certification specialists.

Fatigue crack can be obtained as follows. Weld brewed part (figure 2b). Then,
in the weld metal and make the stress concentrator application cyclically varying load

grown crack right size fatigue (figure 2 g). After that, the weld is fully brewed.
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Fig. 2 — The sequence of introduction of a test sample of fatigue cracks:
a —welding edge; b - partial welding weld; ¢ — powered tooling; e — complete

the melting of the weld; f— fatigue cracks in the weld.

2.3A method for creating an artificial defect on the outer surface of the

sample via an indenter with knife protrusion

The present invention relates to methods of non-destructive testing, in
particular to methods of creating artificial defect in front - test of the static load.

The method is as follows: The indenter 1 with a working butt , superficially
which is a cylinder 2 , are associated with him base areas 3 and 4 and knife
projection 5, blade disposed along the cylinder 2 , the sample introducing pipe 6, by
forming cavity 7, arrow-headed deepening 8. The depth of the conditions of
implementation choose 1,5 <t: t1< 2 where t1 - the height of the blade protrusion. At
the same time around the recess 8, are initiated the emergence and promotion of
cracks created by plastic deformation area with hardening and structural changes by
appropriate arise in practice. Subsequently, the pipe 6 with a defect load re - static

loading before the fracture and fracture of the pipe, thus increasing the etsya accuracy
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as a defect that causes a crack, similar to defects in pipes , inflicted heavy tracked

vehicles in the construction , transport and storage of large diameter pipes. [23]
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Fig. 3 — Indenter, side view
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Fig. 5 — Defect on the pipe
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Fig. 6 — Pipe section A-A
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2.4Welding Discontinuity

Any weld containing two different materials with different cooling rates may

develop crack after solidification. During welding of SS 304 plates by GTAW
process, Titanium or Copper wire were used along with filler material of ER 308L
grade. In both the cases cracks open to the surface were developed, however several
trials were made to optimize the size of cracks. Detail procedure adopted is described
in the subsequent paragraph. [10]
Natural Defect by Welding Process: Initially 3.3 mm thick SS 304 plates having
square butt joint were welded by GTAW technique as per the parameters given in
Table 1. Using grinder, ‘U’ groove for a considerable length was made on the weld
face wherever cracks were required to be developed, Figure . After proper cleaning,
groove was filled with filler material ER 308L. Titanium wire of 1.6 mm diameter
was wrapped around the rod of ER 308L at three locations, as shown in Figure 8.
During welding, Titanium wire also melts along with the filler rod and gets deposited
in the weld pool at different locations which depends upon the speed of welding and
the width of the groove to be filled up. Hence spacing between two consecutive
winding on the rod depends upon the locations of cracks expected on the weld
sample. Number of turns in each winding controls the magnitude and width of the
cracks. Higher the number of turns, more the number of cracks and wider the
openings. With three to four turns of the Titanium wire, cracks obtained were so wide
that they were visible and during liquid penetrant test no sharp indication was formed
due to profound bleeding. Weld zone becomes so brittle that even a small tapping is
able to detach it from the parent material. Such types of cracks can be removed by
grinding and refilled using less number of turns of Titanium wire.

In one of the trials only one turn of Titanium wire was used, however no
crack was visible even during liquid penetrant test. To generate fine transverse
cracks, bending load was applied on the root side as shown in figure 7, so that face of
the weld is subjected to tensile stress and becomes convex. For generating
longitudinal cracks the bending shall take place in the plane perpendicular to the weld
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axis. Sometime during bending, crackling can be heard due to formation of cracks.
Magnitude and width of crack can be controlled by the extent of successive forward
and reverse bending applied to the sample.

Similar trials were done using Copper wire instead of Titanium wire and the
cracks produced were very fine and of less magnitude. However, due to appearance
of copper colour on the weld, it was possible to guess the locations of the cracks. This
problem is more pertinent if more Copper is used. To some extent this can be
minimized by proper grinding the weld surface in which copper colour is merged
with the adjacent weld material.

Samples with surface opening cracks are more suitable for liquid penetrant
test and therefore, one has to exercise proper control during the generation of cracks
for getting well defined fine indications. Defect samples described above is also
suitable for the practical examination in the radiographic test method because of low
exposure time required for 3.3 mm thick plate. Normally for angle beam ultrasonic
testing, weld samples are thick (10 to 18 mm) and subsurface cracks being more
difficult to detect, are preferred for training and examination. In a thick sample
requiring multipass welding, subsurface cracks can be created using filler rod with
copper winding during one of the intermediate welding passes. Since cracks are
buried inside the subsequent pass it does not require any control as far as width of the
crack is concerned. However, because of the different material such as titanium or

copper, some time ultrasonic signal from cracks is also accompanied with noise.

Forse
Root & _Phunger
\ = ( 7
M

b N
Face L /" 30mm I\\L /7 Support

Fig.7 Fase banding
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Table 1: Welding Parameters

. No. | Parameters Details
[. | Base metal S.S. 304
2. | Product form Plate
3. | Thickness 3.3 mm
4. | Groove Design Fig. 1: Groove Design
Groove S.S. Plate
' 3 33
- 170 >
5. | Type of groove ‘U’ groove on the weld using grinder
6. | Filler rod Fig. 2: ER 308L filler rod with Cu or Ti wire (single
turn)
8.8, Filler wire O 3.2 . Cuwire0 L6 7
~ A
— i | —
[« 5 ¥
7. | Size of filler rod 0 3.2 mm
8. | Backing Yes, Copper
9. | Welding process GTAW
10. | Welding position | G
[1. | Shielding gas & flow Argon, 15 liter per minute
12. | Type of current DCSP
13. | Current & Voltage range 100 Amps, 12-13 Volts
4. | Welding speed 45 - 50 mm/min,
15, | Type of Tungsten Rare earth, @ 2.4 mm
16. | Gas cup size 6 no. (12 mm)
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2.5Heat Treatment Discontinuity

Tool Steel refers to a variety of carbon and alloy steels that are particularly
well-suited to be made into tools. Their suitability comes from their distinctive
hardness, resistance to abrasion, their ability to hold a cutting edge, and/or their
resistance to deformation at elevated temperatures (red-hardness). With carbon
content between 0.7% and 1.5%, tool steels are manufactured under controlled
conditions to produce the required quality.

Die steel is a specific type of high-strength steel that is produced primarily
for tools and machine parts. It is called die steel or tool steel because it is formed
in one whole piece with a mold and then hardened. These die steels are used for
common tools like screwdrivers and wrenches and for machine parts. The
additions of carbon and strengthening elements makes die steel highly inflexible.

Steel in the annealed condition will have hardness less than 20 on the
Rockwell "C" scale. Most tooling applications require that the steel be hardened
by heat treatment to RC hardness of 45 or higher in order to provide the required

properties.

Heat Treatment: Heat treating is the thermal process that steel must go
through in order to acquire the desired properties, such as hardness, toughness and
wear resistance that make it useful. The chemical composition of the steel
determines the level of each of these properties. The major heat treatment
processes followed for the tool steels are - Austenizing, Quenching and
Tempering.

Austenizing is a phase change where the steel arranges the molecules into a
useful order. In this process, annealed steel called ferrite is heated to the
austenizing temperature, held for a given amount of time and transformed to
austenite. The matrix of the steel is expanded which allows the carbon and other

elements to embed into the matrix.
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Quenching is the relatively rapid cooling of the steel to a point below its
critical temperature. It must pass through this range at a fast enough rates to trap
the carbon and other elements within the steel matrix. These trapped or frozen
elements provide the tool steel with the desired properties such as hardness and
wear resistance. Common methods of quenching include water, oil, air, salt brine
and vacuum. Each quenching method cools the steel at a different rate. Water is
the fastest method and still-air is the slowest method.

Once a tool has been hardened, it is brittle and must be tempered before
using it. Tempering is the process of reheating a tool after it has been heat treated.
This reheating serves many functions. It is the method of attaining the proper
hardness in the tool, relieving the stress from the hardening process and
transforming any retained austenite to martensite.

Following points were basis for creating cracks in tool steels during heat
treatment process.

a) During austenizing, dents or cracks may form if tool steel is squeezed,
dropped or mishandled as they are soft at the elevated temperature.

b) Water quenching is too fast for most grades of tool steel and will
cause cracking.

¢) During quenching, the tool should be lowered into the cooling
medium quickly to attain an even quench rate from the top to the bottom of the
tool. Uneven quenching will cause differences in hardness and internal stresses,
which could cause cracking.

d) The primary purpose of tempering is to relieve the stress that is
induced during the austenizing due to volume change and subsequent quenching
process. The tool, under tremendous stress would crack while in service, if not
tempered properly.

e) Regardless of the guenching method used, no tool should be allowed
to cool to room temperature. Cracking could occur if the tool cools to room

temperature before tempering.
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f) Die steels, like other carbon steels, are more likely to crack and split
under great strain instead of bending.

Natural Defect by Heat Treatment Process: In one of the heat treatment
processes, high speed bearing case (ring shape), made of die steel having overall
size of OD 45mm x ID 30mm x thickness 13mm was subjected to water
guenching instead of oil quenching. As a quality control check, rings were
examined by wet fluorescent magnetic particle test and number of cracks was
found on the surface at different locations. Another sample of die steel material in
the form of plate of size 100 x 50 x 10mm, were subjected to Austenizing at
8000C with soaking time of 30 minutes, followed by an uneven slow oil
guenching. Steels were allowed to cool to room temperature and no tempering was
done. However, at this stage no crack was observed in the plate when checked by
liquid penetrant test and therefore, subsequently samples were subjected to surface
grinding (each face of 100 x 50mm size). Cracks, confirmed by PT, were formed
due to stress introduced during grinding operation on each face. Since it was easy
to control the feed of grinding wheel because of flat face, very fine cracks, suitable
for the fluorescent method were obtained. Because of magnetic nature, tool steel
samples are suitable for both liquid penetrant test as well as magnetic particle test.
[10]

Preparation of Defect Samples for Re-Use

Repetitive use of defect sample without proper cleaning may be
responsible for the loss of indication. Hence it is necessary to clean the specimen
as per the procedure outlined here, before reuse if the specimen have been used for
three times.

a) Clean the sample with the suitable cleaner or solvent like acetone.

b) Put the sample in beaker containing acetone and then place the beaker
in ultrasonic cleaning chamber and clean them for at least one hour. Large sample
which cannot be accommodated in the beaker can be put directly into the

ultrasonic chamber.
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c) After removing the sample from the chamber, allow it to dry in
atmosphere.

d) To remove the cleaning media entrapped in the discontinuities or
cavity/crevices, put the specimen in oven at 100°C for at least 30 minutes.

f) Remove the sample from oven and allow it to cool up to ambient
temperature before re-use.

g) For long time storage, samples shall be kept under vacuum as per the
procedure given below.

Table 2 — Data sheat

Report No: Date

Component Name Bearing Case Identification M5

Material Tool Steel Size 0D 45 x ID-30 x [D,-12 x Thick. 13 mm
Product Form Machined Condition Heat Treated (Quenching)

Test Method Liquid Penetrant Test ~ Technique Solvent Removable Visible Dye Penetrant
Remark Dwell time 10-15 min.

Photographs

S. No. Face Details of defect Size in mm (approx.)
L- Inner Contour (IC) Intermittent linear indication in circumferential
direction covering 345° (approx) in periphery 85
with faint indications at some places.
2. Rim (R) Nil -
Flat Surface (FS) Nil -
4. Curved Surface (CS) Nil -
Certification of Personnel
Details Name Level in PT Certificate No. Signature with date
; (with validity) Sig
Test carried by: 11
Approved by: 11
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Storage of Defect Samples for Long Period

Samples, especially of carbon steel and tool steel shall be stored under vacuum or

nitrogen environment to avoid any rusting. Following guidelines will be useful for

storing the samples:
a) If rusted, remove the rust with emery paper. Clean the sample as per the
procedure given above using ultrasonic cleaner.
b) Put the dried sample in vacuum/pressure chamber and close the chamber with
flange having valve. Connect the inlet of vacuum pump to the valve.
c) Open the valve and evacuate the vacuum chamber using vacuum pump.

d) After attaining sufficient vacuum (up to 10" mbar or better), close the valve and
disconnect the chamber from vacuum pump. Now keep the valve closed to
prevent the atmospheric air from entering into the chamber.

e) If required, after evacuating, chamber can be pressurized up to Ikg/cm (absolute)
with nitrogen.

Data Sheet for Defect Samples

To check the reproducibility of the result and for the evaluation, it is
necessary to have data sheet of each sample as shown in the Table 2, giving all the
details of indications such as location, size, type etc. Photographs of the indications

make the examiner's job very Fig. 8

Weld face after first time PT

TR PP Y A g

Weld face after second time PT -

Weld root after first time P11
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Face *B' before

Face ‘A’ after P1 Face ‘B’ after P1

Fig.8 — Photographs of defect samples

Natural defects such as cracks, detectable by liquid penetrant test and
magnetic particle test can be created during welding and heat treatment processes.
Welding of SS 304 plate by GTAW process using filler rod ER308L with Copper or
Titanium as inclusion can generate cracks in the weld metal. On the other hand
quenching cracks or grinding cracks can be created on the surface of tool steel or die
steel material. Data sheet giving details of crack location, size etc and photographs of
PT or MT indications are very useful for training the NDT personnel during
certification courses. Care must be exercised during multiple usage and long time

storage of such defect samples.
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2.6 The methods of creating artificial defects for magnetic flaw

Magnetic non-destructive testing - testing method, which is based on the
ability to detect different magnetic stray fields occurring over the place of formation
of defects at the local magnetization. The indicator substance is a powder with
ferromagnetic properties, or magnetic suspension.

According to a method of preparing initial information is divided into several
methods to control the magnetic: magnetic particle, magnetographic fluxgate, Hall
effect, induction, ponderomotive, magnitorezistorny. [2]

The most common method is a magnetic inspection magnetic particle method.
When using the method of magnetic particle inspection (MPI) in the magnetized part
Is applied to a magnetic powder or magnetic suspension , which is a fine mixture of
magnetic particles in a liquid. Ferromagnetic powder particles trapped in the
magnetic stray field coverage area, attracted and deposited on the surface of the
vicinity of the location of discontinuities. The bandwidth over which the deposition
of the magnetic powder may greatly exceed the width of the actual defect.
Consequently, even very narrow cracks can be fixed to the naked eye. Registration
received indicator patterns carried out visually or with the help of image processing

devices. [2]

2.6.1 The method of creating surface and subsurface defects

To create the artificial defects using a metal plate H. thick ferromagnetic
material in the plate is performed with a hole diameter d 1 bushing 2. The sleeve is
performed through bore 3 at a depth of t and the diameter d1 of d1 0,1 H.
Conjugation between the plate 1 and the sleeve 2 forms a surface defect 4 , and forms
a hole in the sleeve 3 in a subsurface defect depth t. Subsequently, the specimen
surface is polished. Roughness Ra 2.5 microns according to GOST 2789-73 [14 ].
Arrows 5 and 6 show the possible direction of magnetic flux during magnetization of
the sample . Scheme sample with artificial defects is shown in figure 9. [25]
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The sample with artificial defects operates as follows. When magnetized in
the direction 5 form the magnetic powder deposition in the form of two crescents on
the defect surface 4 and the hole 3 in the sleeve 2 forms a powder deposition in a line
with lower contrast (contrast deposits depends on the depth t). When magnetized in
the direction of 6 are also formed powder deposits in the form of two crescents on the
surface defect 4 , but the deposition of powder on the sub-surface defect 3 is formed

as the magnetic field direction coincides with the direction of the defect.[25]
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Fig.10 — Cross section of the sample with a through hole
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The purpose of the artificial defects is empowering the use of the sample due
to the simultaneous determination of the sensitivity of the magnetic flaw to the

surface and subsurface defects.
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IIpuioxenune b
(o0s13aTEILHOE)
[Macopt Ha 3k3aMeHanMoHHbBIN 0Opaszer; D0 —107
(17151 IPaKTHYECKOTO IK3aMEHa)

OO0mme cBegeHHsl. DK3aMeHAMOHHBIA oOpazer; DO — 107. VYuactox TpybompoBoja,
cranb mapku Ct3 (pa3mepsl: @ 60mm, Tonmraa 3MM). Ha oOpasiie uMeeTcst 5 HOBEPXHOCTHBIX TIOP.
PasmMepsl mop mpeacTaBieHsbl B TAOIHIIE.

Ha3nauyenne u o0jacTh nNpUMeHeHHMsl. OK3aMeHAIMOHHBIH oOpazennr D0 —107
npeqHa3sHaueH sl oOHapyXeHHs Ne(PeKTOB KamWUIIPHBIM METOJOM KOHTPOJIS TpH IpHEME
MPAaKTUYECKOTO HK3aMeHa B COOTBETCTBMH C llpaBmiiamm arrectanuu TepcoHasia B 00JacTu
Hepaszpymraromero koutposst 116 03 — 440 — 02.

Oo6wbekrnl. 111, I12, T13, 16, T18 B cooTBeTcTBUH ¢ I16 03 — 440 — 02.

®oTo 00pa3ia nocie KanuuIIPHOTO KOHTPOJIS

No Koopaunate! nedekra, Mmm Pasmeps!
nedexra Tun uaauKanun Xu Xk YH Yk XY

1 AlS 7,5 9 71 72 1,5

2 A 0,71 21,5 22 70 70,7 0,71

3 A33 72 75,3 71 72 3,3

4 Al 76,5 77 72 72,5 1

5 A 0,8 107 107,4 69 69,5 0,8

OK3aMeHalMOHHBI oOpasern; arrectoBaH 12 anmpens 2016r. u npusHaH TOJHBIM JUIs
KanwuisipHoro kKoHtposist mo II kmaccy wyBcTBuUTenbHOCTH. KOHTposb mpoBoamics HabopoMm
nedexrockonuyeckux wmarepuagoB SHERWIN. O6pazenr xpaHutbcss B CyXoM MecTe NpHU

temmneparype 20+5 °C., 1 HopMaJIbHOM BJIAXKHOCTH.

Crnenmanuct 3 ypoBHS

12.04.2016r.
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IIpuioxenune B

(o0s13aTEILHOE)

[Macopt Ha 3k3aMeHaMoOHHBIN 0Opazer; D0 —16
(A1 MpaKTUYECKOTo 3K3aMEHa)

OO0mmue cBeaeHHMsi. DK3aMeHANMOHHBIM oOpazenr DO-16. Jluer cranmm mapku Cr45
(pasmepsr: 100x50%10 mm). Ha oOpasiie umeercs 2 MOBEPXHOCTHBIC TPEIIUHBI.

WNHaukaTopHbIC CiIeIbl TPEIIHMH TPUBEICHBI HA PUCYHKE

Ha3nauennme u 00JacTh NpPUMeHeHHsl. DK3aMEHAIMOHHBIM oOpasernr 20-107
MpelHa3HaueH i OOHApyKeHUs NIe(EeKTOB KamWUIIPHBIM METOJOM KOHTPOJS TPH TpUeMe
MPAKTUYECKOTO 3K3aMEHa B COOTBETCTBHHM C lIpaBmiiaMu arTecTalwi TEpCOHAla B 00JIaCTH
Hepaszpymraromero koutpostst 116 03 — 440 — 02.

Oo6wbexrnl. 111, I12, T13, 16, T18 B cooTBeTcTBUH ¢ I16 03 — 440 — 02.

®doTo 00pa3ia nocie KanuuIsIPHOTO KOHTPOJIS

DK3aMeHaIMOHHBIM oOpasen arrectoBaH 20 ampens 2016r. u mpu3HaH TOTHBIM TS
KanwuisipHoro kKoHtposist mo II kmaccy wyBcTBuTenbHOCTH. KOHTposb mpoBoauics HabopoMm
nedexkrockonnueckux wmarepuasos SHERWIN.  OOGpasen xpaHutbcs B CyXoM MecTe HpU

temmneparype 20+5 °C., 1 HopMaJIbHOM BJIAXKHOCTH.

Crnenmanuct 3 ypoBHS

20.04.2016r.
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