IIpo0JieMbI KOHTPOJISI CBAPHBIX CTHIKOB PeJIbCOB

A.A. Mapkos, E.A. Ky3Henosa

Ilpeonazaeman ouenka 3Iphekmuenocmu cucmemvl HepaAIPYUIAIOULE20
KOHmMPOJIA penbcos

HeiictBytomieil cucremoit nedextockonuu penbcoB Ha cetu OAO «PXKI»
exeroaHo ooHapyxuBaetrcsi oT 30 10 57 ThIC. ONMACHBIX JJIS ABMKCHHS TOE370B Jie-
(deKkToB, Tak Ha3biBaeMbIX ocTpoaedekTHbiX penbcoB (OP). K coxanenuto, uHoraa
MIPOUCXOIAT U3JIOMBI PEIBbCOB (B PEAKUX Clydasx moj noe3gamu). [lpu 3ToM ux Ko-
JIMYECTBO MO CPABHEHUIO C KOJIMYECTBOM OOHAPYKEHHBIX 1€(PEKTOB B COTHH U THICS-
YH pa3 MEHbIIIE.

D¢} dexTuBHOCTD UCTIOJIB30BaHUS CPEACTB Ae(PEKTOCKOINUHU 332 OTUETHBIN Mepu-
OJ1 B IMHEWHBIX MOAPA3AEICHUSX, COTJIACHO [1], ONpenenstor o BeIPaKEHUIO:

3= (100 — WN),

IZI€ 77 — YUCJIO U3JIOMOB M3-3a IIPOITyCKa [0 BUHE ONEPaTOPOB 3a OTUETHBIN I1e-
puon (rox); N — konuyectBo OJ[P, BHIABICHHBIX BCEMU CPEICTBAMU 1€(PEKTOCKOIHUU.

[IpryemM n — 3TO U3JIOMBI MO AePEeKTaM, KOTOPbIE MOKHO BBISIBIISATH C IOMO-
IIbIO CYIIECTBYIOIIMX CPEJCTB U TexHonorui. Ha mpakTuke k 3TUM oTKa3zaMm J00aB-
JSIOTCA M U3JI0MBI PEJIbcOB 0€3 BUAUMBIX MPUYMH, a TaKXKe MO JedexTam, KOTopble
HEBO3MOXHO OOHAPY UTh UMEIOUIUMUCS CPEACTBAMU (HAIpUMEp, B MEPbIX MOJIOI-
BHI).

B nenom no cerun gopor OAO «PXK/I» nmokazarens D 3a MocieaHee AecsaTUiIe-
THE Bcerja coctasisii 6onee 99 %, 4To CBUIETETBCTBYET O BECbMa BBICOKOM A dek-
TUBHOCTU OTEUYECTBEHHOW CHCTEMBI Je(heKTOCKONMHUH peiabcoB. OaHAKO AaHHBIN MOKa-
3aTeNlb HE YUUTHIBAET CyMMAapHOE KOJIMYECTBO U3JIOMOB MO BCEeM JAedeKTaM U HE TO-
3BOJISIET OOBEKTUBHO OMNpeAeiuTh 3PPEKTUBHOCTh MPUMEHSEMbIX METOAUK MU
CpelcTB Je(hEKTOCKONHUH 10 OTHOUIEHUIO K KOHKPETHBIM TUIIAM J€()EKTOB.

C uenblo onpeesieHns HalpaBieHUH JadbHENIIEro COBEPIICHCTBOBAHUS JIeHi-
CTBYIOIIEH CHCTEMbl JMATHOCTUKU PEJIbCOB IMpeasiaracTcsi BBECTU Oojee MHPpopMa-
TUBHBIN MOKa3aTeNb, XapaKTEPU3YIOIIN MTOTEHIIUAIBHYIO OMACHOCTh OIMpPEACIIEHHBIX
TUTIOB J€(EKTOB :

%= Pk /(Nk + pu),

rjae px = ng + fy — ob1Iee KoaudecTBO U3JI0MOB M0 edeKTy Thna «K», a 3SHAYCHHS Ny
— 3TO KOJIMYECTBO M3JIOMOB [0 JAHHOMY TUITY Jle(heKTa u3-3a Mpomycka ornepaTropamMmu
(pu KOHTpOJIE PENbCOB B MyTH U IpHU pacuudpoBke nedexrorpamm), u fy - komuye-
CTBO M3JIOMOB MO Je(heKTaM, Ha MOMEHT KOHTPOJISl HE IOCTYIMHBIX JJI IeUCTBYIOLIEH
CUCTEMBI J1e(DEeKTOCKONHUH PeabcoB; Ny — KOJIMUeCTBO JeheKTOB THIa «k.

JpyrumMu cjioBamMu, MapaMeTp y; OTPakaeT MOTEHIHAIbHYIO BO3MO>KHOCTh
BHE3AITHOTO U3JI0Ma PEJIbCOB MO AedeKTaM KOHKPETHOro Tuma (Ttumna «k») u3z-3a mpo-
MycKa olepaTopaMy WJIM HEBO3MOXHOCTH UX OOHAPYKEHHUS C TOMOIIBIO IKCILTyaTH-
PYEMBIX CpEIICTB Hepa3pylIaroliero KoHTpoisia. Yem Oomblne mokaszatenb yi, TEM
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ornacHee NIe(eKT ¢ TOYKHM 3pEHHUs BO3MOKXHOCTH OTKa3a pejibca (M3710Ma), U TEM
OOJIbIIME YCUIIHS TOJDKHBI ObITh HAlpaBJICHBI JAJI €r0 CHUXKEHUS, KaK IyTeM COBEp-
[IEHCTBOBAHUSI KOHCTPYKIIMU PEIbCOBOTO MyTH, TaK U MyTeM pa3pabOTKH HOBBIX Me-
TOJIOB U CPEJICTB OOHApy)eHUs Ne(EeKTOB TaHHOTO TUIIA.

[lo yka3aHHOMY BBIP@KEHUIO MOKHO PACCUUTATh UHTETPAJIbHBIN (CyMMAapHBIN)
MOKa3aTelb )y MOTEHIUAILHOM OMAaCHOCTU MO BCEM TUIAM Ae(PEKTOB PEIbCOB Kak
OTHOIIEHHE OOLIEro KOJUYEeCTBA M3JIOMOB, JAOMYIICHHBIX 32 OMpPEACSICHHbIN Mepro
(3arox), kK cymMMe u310MOB U oOHapykeHHbIX OJIP Bcex Tumos nedexTos:

x= = p/(Ns + px).

Hanpumep, muis 2010 r. pacueTHbIi moKa3aTenb cocTaBn ¥z = 1.46 - 107 (06-
Hapyxxeno OJIP nedexroB Bcex TunoB Ny = 38422 mT., npousonuio py = 56 uzino-
MOB).

Ha puc. 1 npeacrasien rpaduk U3MEHEHUsI CYMMapHOT0 MOKa3aTels s 3a Io-
cnennue 13 net. Ha rpaduke BuaHo, uto, HaunHas ¢ 2001 r., B cucreme aedexro-
CKOIIUU PEJIbCOB MPOMU3OILIN CYIIECTBEHHbIE U3MEHEHHUS, MO3BOJMBILINE 3HAUUTEIb-
HO (10 7 pa3!) CHU3UTh CyMMAapHYIO «BEPOSATHOCTH» HEOOHAPYX EHUS ONACHBIX Je-
(eKTOB B penbcax.
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Puc. 1. 3menenue no cooam cymmapro20 noxazameins s no 6cem munam oegexmos

Ananu3z no 22 TUmaMm OnacHbIX Je(EeKTOB B peiibcax M MPOU3OUISAININM U3JI0-
MaMm, 1o KoTopbiM Ha OAO «PXK]/[» Benercss MHOTOJIETHSISL CTATUCTHUKA, TOKA3bIBAET,
410 OonbmMHCTBO TUNIOB OJIP mocTaTtoyHo HaJeKHO U CBOEBPEMEHHO OOHApYKHUBa-
IOTCSl IEUCTBYIOIIMMH Ha CETU JIOPOT CPEACTBAMH HEPA3PYILIAIOIMIETO KOHTpoJIs. s
HUX ITOKA3aTelb y; B MOCIEAHIE TOIBI He mpeBbimaeT 2-107.
Ha puc. 2 npuBeneHbl 3HaU€HUS MOKA3aTeNs )i AJI1 OCHOBHBIX TUIIOB Jieek-
TOB, 110 KOTOPbIM B 2010 r. MpoU301UIH U3TIOMBI.
Jas nedgexToB koaa 21 (rmonepedHbie TPEUMHBI B TON0BKE penbea) B 2010 r.
3Ha4YCHHE TOKa3aTels COCTaBUIO ¥ 21 = P21/(N2; + p21) = 0,89 - 107 (oOHapyxeHo fe-
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dbexToB nanHoro tuna Np; = 12323 mt., npousonuio py; = 11 uznomon). Bugno, uto
JaHHbIe JAe(EKThl HE SIBIAIOTCA «MPOOJIEMHBIMUY» IS TEUCTBYIOMIEH CHCTEMBI Je-
(dbexTockonuu (MOKa3aTelb Yy 1 JaKe HIKE, YeM CYMMAapHBIN MTOKa3aTelb Yx).

J{ns nepekTOB B moaomBe peyibcoB Koj0B 60, 65, 69 nokazarens y B 2010 r.
COCTaBHJI HECKOJIBKO ACCATKOB (0T 15 mo 50-10'3). VYkazaHHble 1eQEKThl ¢ TOUKH 3pe-
HUS BO3MOXKHOCTHU BHE3AITHOT'O W3JIOMa PEJIbCOB IO MPUUYMHE UX HEOOHAPYKCHHS B
15-50 pa3 onacHee, yem HauboJiee paCIPOCTPAHEHHBIE U MHOTOYUCIICHHBIE TTOTIEepeY-
HbIE TPEIIMHBI TOJIOBKU Koja 21 u TpemuHbl 00aTOBBIX OoTBepcTHil (Koaa 53). Ilpu-
YeM Takas TeHJCHIUS XapaKTepHa HE TOJbKO Ml paccmarpuBaemoro 2010 rona, HO
Y COXpaHSETCs B MMOCEIHES TECATHIICTHE.

YQURR | 51.81
i N
20+
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ceapka ceapka

Kopge! pedextor no HTA

Puc. 2. Pacnpedenenue nokazamens ) no munam oegpexmos ¢ 2010 2.

[IpuBeneHHbIe MPUMEPHI NMOKA3bIBAIOT, YTO MPEMJIOAKEHHBIN MOKA3aTENb ) ACH-
CTBUTEJIBHO MOKET CIYKUTh HArJSJHBIM KPUTEPUEM, NEMOHCTPUPYIOIIUM YPOBEHb
3G ()EKTUBHOCTH IEUCTBYIOMMUX TEXHOJIOTUN U CPEACTB HEPA3PYLIAIOUIEr0 KOHTPOJIS
MIPU BBISBICHUH KOHKPETHBIX TUIOB 1€(PEKTOB B PElIbCax.

AHanu3 noBeICHMS MTOKA3ATENS )k [10 TOIaM MO3BOJISIET IPOCIEANTh JTUHAMUKY
BJIMSIHYSI OTIPEIENIEHHOr0 THMA Ae(eKkTa Ha 0€30TKa3HYIO dKCILTyaTalllio0 PEeIbCOBOIO
nyti. CpaBHUBAs €ro ¢ CyMMapHbIM (MHTErpajibHBIM) MOKa3aTeJIeM MO BCEM THUIIAM
ne(deKTOB s OMPENENSAIOT CTeNeHb BIUAHUS JedekToB Tuna «k» Ha oOmMil mokasa-
TE€JIb HAJIE)KHOCTH PEJIbCOB OTHOCUTENBHO TOSBICHUS BHE3AMHBIX M3J10M0B. Ha cBoe-
BpEMEHHOE OOHapyKeHHe Ne(EeKTOB, Y KOTOPHIX MOKa3aTelb ); 3HAYUTENIbHO Ipe-
BBIILIAET CYMMAapHBIM MOKAa3aTeNb yy, NOJKHBI ObITh CKOHLIEHTPUPOBAHbI YCUIIUS pa3-
pabOTUYNKOB TEXHOJIOTMH U CPEJICTB HEPA3PYILIAIOLIET0 KOHTPOJIS PEIBCOB.

Ocobennocmu KOHmMPpOJiaA C6APHbLIX CMbBIKO6 PejlbC06, C6APEHHBIX IJIEKMPO-
KOHMAKMHbIM CROCOOOM



Kak BugHO Ha pucC. 2, mocie TPeuuH B MOJOIIBE PEIbCOB B 30HE OCHOBHOT'O
Metaa (koaoB 60, 65 u 69), Hauboee MPOOJIEMHBIMU SBJISIIOTCS ASEKTHI MEHKU U
noaouBel (KoJ0B 56.3 1 66.3) B 30HE CBAPHBIX CTHIKOB PEIHCOB.

3a mocnenHue 9 neT MPOTKEHHOCTh OECCTHIKOBOTO MyTH yBenuymiach Ha 30
ThIC. KM, U K 2010 1. oHa coctaBuia 6oisee 74 Thic. kM (60 % pa3BepHYTOU IJIUHBI
IJIaBHBIX IyTel). B CBs3M CO 3HAUMTENBHBIM POCTOM YHCIIA CBAPHBIX CTHIKOB PEIHCOB
¥ HE YMCHBIIAIOIUMCS KOJIMYECTBOM M3JIOMOB B JaHHOU 30HE (okosio 30% oT Bcex
M3JIOMOB) PACCMOTPHUM 3Ty aKTyaJbHYIO Mpo0aeMy 6ojee moapoOHo.

Kaxk u3BecTHO, cBapHbI€ CTHIKM MOJIBEPraloT HEepa3pylalleMy KOHTPOIIO MO
CTEIIMATFHOW TEXHOJIOTHH TIPH U3TOTOBJICHUH PENIbCOBBIX TUIETEH Ha PerbcocBapOU-
HoM npeanpustuu (PCII) [2] win B myTH mocie cBapKu peabCcoB C MOMOIMIbIO MyTe-
BbIX penbcocBapouHbix MammH (ITPCM). CBapHbIE CTHIKM TOJDKHBI BPYYHYHO KOH-
TPOJHMPOBATHCS B IMYTH yJIbTPa3ByKOBBIM METOJOM C TIOMOIIBIO IEPEHOCHOTO Jedek-
TOCKOTNA MepBbI€ JIBa roja IMOCJe Hayajda 3KCIUTyaTalluy 4Yepe3 ToJl, a 3aTeM uepes
KaXaple 1Ba roja. JlOMOJHUTENHHO MPHU CIUIONIHOM KOHTPOJIE PEIbCOBOTO MyTH
CHEMHBIMH JAePEKTOCKOTIaMU U MOOMIIBHBIMH CPEJICTBAMH MPAKTHUECKUA BCE CCUCHUE
CBapHOTO CTHIKa (KpOME TepbeB MOJIOIIBBI) TAK)KE MOJBEPraeTCsl MEePUOIUICCKOMY
(1-4 paza B Mecsi1) Hepa3pylIaloeMy KOHTPOJIIO.

Kak moka3pIBaeT CTaTUCTHKA, 32 MOCIEAHHUE TATh JIET MPU YBEIUUYCHUHU MPOTS-
KEHHOCTH OECCTBHIKOBOTO MYTH Ha 17 TBIC. KM CHTyalus ¢ AeQeKTaMu B CBapHBIX
CTBIKaX OCTaeTCs JOCTATOYHO CTAa0MIbHOUW. BecbMa MHTEpPECHBIM SBISETCS pacipe-
JIeJICHUE BBIABIISIEMOCTH Je()EKTOB CBAPKH IO CEYEHUIO pelibea (puc. 3, Tabnuia).

Koa Kon-so OAIP % OT BCEX  ||4200mu1 no gaHHOMy | % oT Boex X1 0
QOP | AaRHoro THna, onp Tany, wiron M3NOMOB
wTirog
™~ 26.3 | 2434 - 3028 55-6.4 1-3 1-35 |04-1
~ 56.3 338 - 456 07-1.2 5-10 6-14 |13-28
— 66.3 306 - 464 0,7-08 5-11 7-13 |15-23

Puc. 3. [loxazamenu evisgnsemocmu 0eekmos ceapHbix CMvlKOG
3a nocieonue 5 nem (2006-2010 2.2.)

He cmoTps Ha TO, 4TO MONEpEeYHBIX TPEUIMH B TOJOBKE peiibca B 30HE CBAPKHU
(medexTnl koma 26.3) Ha ceTH IOPOr OOHAPYKUBAETCSA JTOCTATOYHO MHOTO (OKOJO 3
TBHIC. IIT. €XKEroJaHo win 6 % oT Bcex oOHapyxkeHHbIX O/[P), Konn4ecTBO M3IO0MOB
pENbCOB MO JaHHOMY Jedexty MuHuManbHO (1-3 mT. B ron). [Ipuunna — BBeneHue
HOBBIX CXeM Mpo3ByunBaHus rojgoBku («POMby» u «3epkanpHas» pazpadborku OAO
«PannoaBuoHukay, cxema «70 rpaaycoB») U €€ HaJeKHbIA KOHTPOJIb (B TOM YHCIE U
B 30HE CBAPHOT'O CThIKA) MPAKTHUYECKH BCEMHU CPEACTBAMU CIUIOUTHOTO KOHTPOJISL.

B 10 xe Bpemsi, KoIMuecTBO 0OHapyMUBaeMbIX Ae(EKTOB B IEHKE U MOJOIIBE
peNbCcoB B 7 pa3 MeHblIE, 4YeM AedeKToB B rojioBke (puc. 3). OIHaKO YHUCIO U3JIOMOB
10 MPUYMHE 3TUX Ae(EKTOB MOYTH B 5 pa3 OoJiblile, 4yeM u3-3a Ae(EKTOB B FOJIOBKE.

HepomyctuMo 6oJblIoi MpOLEHT H3JIOMOB PEIbCcOB M3-3a AedeKToB 56.3 u
66.3 xapakTepusyeT 3HaueHHe HOBOTO mokazatesns y (cM. puc. 3 u 4). Kak BunHO, Be-
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POSITHOCTH ) BHE3AITHBIX M3JIOMOB PEJIbCOB M3-3a Je(DEKTOB IICHKW M IOJOIIBHI B
CBapHBIX CTHIKax B cpeaHeM B 30 pa3 BBIIIE, YEM ITOT e MMOKa3aTelb I AePEKTOB
B rosioBke 26.3 u B 12 pa3 Goibiiie 0000IIEHHOTO (CYMMapHOTro) MoKas3aTes s IO
BceM TumaM jaedektoB. [Ipudem 3a mociaeaHue rojapl MOKa3aTelu Ysq U Y o6 MCHSIIHCH
HE3HAYNTEIbHO, a 3HAYMT W CHTYallds 10 W3JIOMaM M3-3a yKa3aHHBIX JIe()EKTOB HE
yiyuinaercs (puc. 4).
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Puc. 4. Pacnpedenenue noxazameneii y 015 0eghexmos wetiku u noOOul8bl 8 30He C8APKU
N0 CPABHEHUIO ¢ CYMMapHuiM noxkazamenem ¥ (no puc.l) ona ecex munoe OI[P

W3 npuBeeHHBIX JAHHBIX MOXHO CAENaTh BBIBOJ, UYTO JEHCTBYIOUIUE TEXHO-
JIOTUU KOHTPOJIS CBAPHBIX CTHIKOB B IyTH YK€ MHOTO JieT (puc. 4) He 00ecreynBaOT
CBOEBPEMEHHOTO BBISIBJICHUS OMACHBIX JI€(PEKTOB B IIEHKE U MOJOIIBE B 30HE CBAPKH.

CrnenyeT npu3HaTh, UTO TEXHOJIOTUSI PYYHOTO KOHTPOJISL CBAPKH 32 MHOTHE JIe-
CATWJIETHUSI HE mpeTreprena cepbe3Hbix uamMeHenuit. U ceroans, B XXI Beke (!), co-
XpaHsieTcst TpeOOBaHWE PYYHOTO CKAaHUPOBAHMSI C IIaroM 3 MM IO BCEMY MEPUMETPY
CTBIKa Ha PebCOCBAPOUYHOM MpEeAnpUsITHE (B IyTH, ECTECTBEHHO, 0€3 CKAaHMPOBAHUS
noaomBbl cHU3Y) [2]. [Ipu aTOM npeobGpazoBatenem ¢ yrioMm BBoja oo = 50°, HacTpo-
CHHBIM Ha OJHWHAKOBYIO YCIIOBHYIO 4yBCTBUTEIbHOCTH Ky = 24 nb, ckanupyror u
meiiky (c ee 60KOBOI MOBEPXHOCTH) TOJIIMHOM 18 MM U BCIO BBICOTY pelibca C Mo-
BepxHocTH KataHus (180 mm). EcrecTBeHHO, gaHHbBIE TpeOOBaHUS ObUIH CHOPMYITHU-
POBaHbI MCXOJs U3 YIPOIIECHHS MPOLEIYPhl PYYHOIO CKaHUPOBAHHUS, U JJISI CBOETO
BPEMEHU 3Ta TEXHOJIOTHs Oblia MPOrpPeCCUBHOM.

B Hacrosiee BpeMsi C y4ETOM BHEAPEHUS KOMIBIOTEPHOIO KOHTPOJS PEXKH-
MOB CBapKt, HUHAYKIIMOHHOTO YIPOYHEHHUS MOBEPXHOCTH M JIPYTUX HOBBIX TEXHOJIO-



Ul U3rOTOBJICHUS IJIMHHOMEPHOM IIETH 1iesiecoo0pa3Ho 6osee nuddepeHImpoBaHo
MOJIXOAUTH K KOHTPOJIIO Pa3HBIX CEUCHUH penbca, B TOM YHCIIE U CBAPHBIX CTHIKOB.

[IpakTrKa py4yHOTO KOHTPOJISA CBapKH B IYTH IOKAa3bIBaeT, YTO IO Pa3HBIM
npuyuHaM (OrpaHUYCHHOE BpEeMs KOHTPOJIS, 3arpsi3HEHHAs MOBEPXHOCTh MICHKH U
MIOJIOIIBEI pesibca, OOMbIIasi TPYIOEMKOCTh) OMEepPaTOPhl 3a4acTyi0 HTHOPUPYIOT Tpe-
OOBaHUSI CKAaHMUPOBAHWS OKOJIONIOBHOW 30HBI CBAPKH IO OOKOBBIM TOBEPXHOCTSIM
[ICHKN W TEephsM MOJOIIBEL. B pe3ynbTaTe moB KOHTPOIUPYETCS TOJIBKO C TOBEPX-
HOCTH KaTaHUs U B JIy4dIlIeM cllydae — C OOKOBBIX IIOBEPXHOCTEH TOJIOBKH.

[TocKONBKY pENbCOBBIC TUIETH TEPUOJUYECKA KOHTPOIUPYIOTCS CpPEACTBAMH
CIUIOIIIHOTO KOHTPOJIS (CHeMHBIMA M MOOWMIIBHBIMH ), CBAPHBIE CTHIKH TaK)K€ aBTOMa-
TUYECKU TOJIBepraloTcs KOHTPOJt0. Tak uTo rojioBka peiibca (M B 30HE CBapKu) Oja-
rofaps pa3HOOOPa3WI0 CXEeM MPO3BYUYHMBAHUS TMPOBEPSETCS ITAaHHBIMU CPEICTBAMU
A0CTaTOYHO 3PPEKTUBHO, O YEM CBHIETEIBCTBYET MaJlo€ KOJMUYECTBO H3JIOMOB IO
nedexram 26.3.

CxeMbl TPO3BYYUBAHUS MICWKH U MOAOIIBEI Y CheMHBIX H MOOMIIBHBIX CPEJICTB
COCTOSIT, KaK TPaBHUIIO, 3 IBYX HAKJIOHHBIX (C yriiamu BBojxa o = 42 wiu 45°) u on-
Horo mipsimoro (o = 0°) mpeoOGpa3oBareneii 1 OpUEHTHPOBAHBI B OCHOBHOM Ha OOHa-
pYXXEHHE TPEIIMH Pa3TUYHON OpUEHTAIMHM B 30HE OCHOBHOTO MeTayljia U OOJTOBBIX
CTBIKOB.

AHanu3 nMpou30MIEANNX B MOCIEIHUE TOABI U3JIOMOB IO CBapKe MOKA3bIBAET,
410 JAeeKTHl B mieiike 56.3 yaie Bcero mpecTaBIsin co0O0M MoNepedHble (pexe —
TOPU3OHTATbHBIC W HAKIOHHBIC) TPEIIUHBI, 3apOKIAIONIHecs ¢ OOKOBOM MOBEPXHO-
CTH IICWKHN U pa3BUBAtolInecs Briyob Hee. JlaHHbIC NeEKThI, XOTS U UMENI 3HAYH-
TENBbHBIE pa3Mephl, HO HE BBIABISUINCH C TIOBEPXHOCTH KaTaHUsS peibca U HE ObUIH
3a(pUKCUPOBaHBI CPEICTBAMHU CIUIOMIHOTO KOHTPOJs. OUYEBUAHO, 3TO OOBICHICTCS
3epKaJbHBIM OTPaKEHUEM HAKJIOHHO TMAaJaloONINX YJIbTPa3BYKOBBIX KOJEOAHHA OT
TUIOCKOCTH BEPTUKAJIBHBIX TPEIIUH (puc. 5).

[Tpu KOHTpOJIE MPSAMBIM MTPeoOpa3oBaTeIeM BCIEACTBHE 3HAUUTEIHHOTO 3aTy-
XaHUs TIPOJIOJIBHBIX y.3. KOJIeOaHMid B 30HE CBAPKH yCIOBHAsI YyBCTBUTEIHHOCTD, yC-
TAHOBJICHHAsS 11 KOHTPOJISI OCHOBHOTO METajlla, MOTJIa OKa3aThCsl HEAOCTATOYHOM
Wi (QUKCALMU 3XO-CUTHAJIOB OT BEPIINH BEPTUKAIBHBIX HIIM TUIOCKOCTH TOPH30H-
TaJbHBIX TPEIIUH MIeHKHU (puc. 5).
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Puc. 5. Hexomopuvie npuuunsl HeygepeHno2o 00HapysHceHus 6ePMUKAIbHbIX MPEeUju 8 30He
CBAPHO20 CMBIKA CLEMHBIMU CPEOCMBAMU

BonwsmuHcTBO AedexToB Koma 66.3 pacrosnaratorcs B MepbsX MOJOIIBBI U HE
JOCTYTIHBI JIJ1s1 OOHAPYKEHUsI TIPU BBOJIE y.3. KOJCOAHUN C MOBEPXHOCTH KaTaHUSI.



B nenom TpyaHocTh 0OHapyxeHMsI 1€()EKTOB B 30HE CBAPHOI'O CTHIKA 3aKJIIO-
YyaeTcsi B TOM, 4TO Je(eKTbl MOT'YT pa3BUBATHCS B JIIOOOM MECTE CEUEHHs pelibca U
MMEIOT OTpa)kalolllie CBOMCTBA XYK€, YEM Y SKCIUIyaTallMOHHBIX J1e(PEKTOB B 30HE
OCHOBHOT'O METalIa.

Takum o06pa3oM, YYBCTBUTEIBHOCTH KaHAJIOB MPO3BYUYMBAHUS IIEUKU U TIO-
JIOLIBBI B CPEJCTBAX CIUIOLIHOIO KOHTPOJISI HE 00eCneuynBalOT HaJeKHOE OOHapyXe-
Hue creuuduueckux nedexToB cBapku. s moucka BEpTHKAIbHO OPUEHTHUPOBAH-
HBIX (TUIOCKOCTHBIX — B IUIOCKOCTH CBAapHOTO CThIKA) Ae(EKTOB HE XBaTaeT JOIOJ-
HUTEJBHBIX KaHAJIOB. DTO MOATBEPKAAETCS CTATUCTUYECKUMU JTAHHBIMH: €KETOTHO
20—25 % W3I0MOB PENBCOBOTO MYTH MPOUCXOAAT UMEHHO M3-32 HECBOEBPEMEHHO
BBISIBJIEHHBIX J1e(heKkTOB 56.3 u 66.3.

Ilpeonazaemvie sapuanmul ooHapyrcenusn 0eqreKkmos ceapku

EctecTBeHHO, mpoOieMbl 0ojiee KaueCTBEHHOTO KOHTPOJISi CBAPHBIX CTHIKOB
PENbCOB HE OCTaBaJIUCh 0€3 BHUMaHMs pa3padOTUYMKOB 1€(PEKTOCKOMUYECKON TeXHU-
KU. 3a mocieaHue rofbl ToJbKO cnenuanuctel OAO «PannoaBuOHMKa» TpU MOJ-
nepxke Jlenapramenta nytu u coopyxxeHuit OAO «PXK]I» npeayiokuin HeCKOIbKO
Mep, HaIPaBJICHHBIX Ha YACTUYHOE PEIlIeHHE 3aJ]a4ll UMEIOLIUMUCS CPEJCTBAMU KOH-
TPOJISL PeNbCOB U O0Jiee MOJHOE pEelIeHHe — CO3/IaHKEe CIIEHUaTIn3UPOBAHHOTO MHO-
rOKaHAJIBHOTO JIe(eKTOCKONa C perucTpaluei pe3ynbTaToB MPOBEPKH.

1. B xauecTBe onepaTUBHBIX MEP MO MOBBIIICHUIO Ka4e€CTBA PyYHOI'O0 KOHTPOJIS
cBapku OAO «PaanoaBrHoOHMKa) MPEJI0KUI UCIOJIb30BATh TEXHOJIOTHIO, U3JI0KEH-
HYI0 BO «BpeMeHHBIX MHCTPYKTHUBHBIX YKa3aHHUSX IO YJIbTPAa3BYKOBOMY KOHTPOJIIO
CBapHBIX CTHIKOB PesibcOB, BhIMOIHEHHBIX [IPCM B nytH, nedexrockonom “ABUKOH-
02P” ¢ monyyeHueM JOKYMEHTa KOHTpPOJs» (yTBepkKIeHbl JlemapTaMeHTOM MyTH U
coopyxkenuit OAO «PXK» 12.12.05).

B cooTBercTBHM C 3THUM JOKYMEHTOM IOCJI€ OCHOBHOM MPOBEPKH CBAPHOTO
CTBhIKa MO JCHCTBYIOIIEH TEXHOJOTUU MpeJiaraeTcs 3arnpoTOKONIMPOBaTh (PaKT KOH-
TPOJs CThIKA. J[JI1 3TOro He0OXOAUMO JOMOJHUTEIBHO MPOCKAHUPOBATH 30HY CBAPKU
cienytonum obpazom. Hactpouts npeobpaszoBatensb ¢ yriaom BBoja [ = 50° Ha mo-
BBIIICHHYIO 4yBCTBUTENbHOCTh Ky = 36 nb (Ha 12 nb 6oxiblie HOMUHATBHON YyBCT-
BUTEJIBHOCTH), YCTAHOBUTH €r0 Ha MOBEPXHOCTh KaTaHUs CTPOro Haja mieiikoi (6e3
pa3BopoTa) Ha paccTossHUM 250 MM OT CepelIMHbI CThIKA U MEPEMECTUTh Ha PaccTosl-
HUE He MeHee 25 MM 3a cThIK. [Ipu 3TOM clieyeT 3anucaTh CUrHAIBI KOHTPOJIS CThIKA
1o Bcell BhICOTE pelibca Ha B-pa3Beptke.

[Ipr HEOOXOAMMOCTH ITY K€ MPOLEYPY MOKHO IMOBTOPUTH U JJIsI TIEPHEB IO~
JIOIIBBI. YKa3aHHas TEXHOJIOTHS MOAPOOHO paccMoTpeHa B [3].

OTtoOpakeHue curHajgoB Ha B-pa3BepTke Mpu MOBBIIIEHHON 4yBCTBUTENIbHO-
CTH TIO3BOJIUT 3a(UKCUPOBATH OOjiee YETKYIO MayKy CUTHAJIOB Jlake OT JAe(PEeKTOB
KpaiiHe MaJIbIX pa3MepoB WM C MIIOXMMH OTpaskaloIuMK cBoiictBamu. Kpome Toro,
MPU TaKOW YyBCTBUTEIBHOCTH MPOSBISIETCS CTPYKTYpa (CTPYKTYpPHBIE IIIYMBI) CBap-
HOT'O CTBIKA.

B nienom npu MUHMMAaNIbHBIX BPEMEHHBIX 3aTparax (He Oosiee 1 MHH Ha CTHIK)
npoLeaypa JOMOJTHUTEIBHOIO CKAHUPOBAHUS TIO3BOJIUT:

HaJie)kKHee 0OHApY UBATh Je(hEeKThl CBAPKH;



MOJIYYUTh JOKYMEHT KOHTPOJISI CBAPHOTO CTHIKA C €T0 CTPYKTYPHBIM «IOpTpe-
Tom» (B BUze B-pazBepTkn);

MOBBICUTh TEXHOJIOTMYECKYIO IUCIMIUIUHY ONEePaTOpPOB.

2. Ilpyu py4HOM KOHTpOJIE€ CBApHBIX CTBHIKOB I€JIECO00pPa3HO HCMOJIb30BaTh
cxeMy «TaHaem» C IMOMOIIBIO CKaHEPa, BXOJAIIETO B KOMIUIEKT JAedeKkTocKoma
«ABuKOH-02P». Tlpu sTOM momnepedHble TPEUIMHBI B TOJIOBKE, IIEHKE M IMOAOIIBE
PENbCOB MOTYT OBITH BBISBIEHBI 3€pKajbHBIM METOAOM (puc. 6). JlaHHas omepauus
HE3HAUUTEIBHO YBEJIMYUT BPEMs MPOBEPKHU MO CPABHEHHUIO C JEHCTBYIOLIEH TEXHO-
JIOTHEM.

Puc. 6. Peanuzayus 3epkanornoco memooa (« Tanoem») ¢ nomowwvio ckanepa CATC
depexmockona ABUKOH-02P

3. Bo3MOkHO, NpHUIIIIO BpeMsI paCCMOTPETh BOMPOC 00 OTKa3ze OT CKaHHWPOBa-
HUS TOJOBKHM IIPU PYYHOM KOHTPOJIE CBAPKH, MOCKOJIBKY, KAK OTMEUYEHO BBIIIE, ATa
30Ha 3(Q(HEKTUBHO KOHTPOJIUPYETCS MpPH CIUIOMIHOM KOHTpoJie pesibcoB. Llenecoob-
pa3Hee CKOHLIEHTPUPOBATh BHUMAHUE HA MPOOJIEMHBIX 30HAX CBAPKH — TIIATEIBHO
CKAaHUPOBATh IIEWKY W TMOJOMIBY. 3a CYET 3TOI0 MOKHO CYIIECTBEHHO COKPAaTUTh
BpEMsi KOHTPOJISI OJTHOTO CThIKa U MOBBICUTH CyllIeCTBYomre HOpMbl (40 CTHIKOB B
CMEHY).

4. Jlis onepaTMBHOM MPOBEPKU CBAPHBIX CTHIKOB IPU CIUIOIIHOM KOHTPOJIE
peNbCcoB ¢ MoMoIIbI0 cheMHbIX Tenexek OAO «PannoaBuoHMKa» BBENO B 1€PEKTO-
ckomnbl «ABUKOH-01» 1 «ABHKOH-11» cienuaibHBIN peXuM KOHTpOJsa — «CBapkay.
B cootBercTBUM ¢ «BpeMEHHBIMU MHCTPYKTUBHBIMHM YKa3aHUSIMHU IO YJIbTPa3BYKO-
BOMY KOHTPOJIIO CBapHBIX CTBIKOB B MYyTH jAedekrockonoMm “ABUKOH-01MP”» (yT-
BepkeHbl JlenapramentoM nytu u coopysxkenuit OAO «PX» 12.12.05), moaxoas x
CBApPHOMY CTBIKY, OIEPAaTOP HAXKMMAET KHOIIKY Ha MYJbTE, IPH 3TOM YyBCTBUTEIIb-
HOCTH psiia KaHAJIOB MOBBIMIAIOTCA Ha 3afaHHoe 3HauyeHue. [lo nedexrorpamme
MO>KHO BBIJICIUTH MAYKA CUTHAJIOB HAa (POHE BO3ZMOXHBIX CTPYKTYPHBIX IIIYMOB CBap-
HOTO LIBA.

K coxaneHnunto, Bce pacCMOTPEHHBIE BBIIIE BapUAHThI PEIICHUS SBISIIOTCS TO-
JyMepaMu, U MpoOJieMy KOHTPOJISI CBAPHBIX CTHIKOB PEIIalOT TOJBKO yacTuyHo. [lo-
MPEKHEMY COXpaHseTCA clenu(puKka pydyHOro KOHTPOJIS, €ro HU3Kas MpPOU3BOIU-
TeIBHOCTh. JIOCTOBEPHOCTH MPOBEPOK HAMPSAMYIO 3aBUCUT OT KBalU(HUKALUU, TCH-
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X0(hHU3MOJIOTMUECKOTO COCTOSHUSI U I0OpOCOBECTHOCTH oneparopa. HeBo3amoxHO yc-
TaHOBUTH HAPYLICHUS TEXHOJIOTUU KOHTPOJIS.

5. B ¢Bs13u ¢ 3TUM J1 HAJIEKHOTO OOHAPYKEHHS pa3HOOOPAa3HBIX 1e()EKTOB MO
BCEMY CEUEHHIO CBAPHBIX CTHIKOB HEOOXOIUMO pa3padboTaTh CHEIMaIn3UPOBAHHBIN
ne(eKTOCKOI, YYUTHIBAIOMIMKA crieupUKy AePEKTOB U YCIOBHUS KOHTPOJS B ATOU 30-
He. Co3aBaeMblil 1€EKTOCKON TAKKe JTOJKEH CYHIECTBEHHO MOBBICUTH TPOU3BOIM-
TEIBHOCTh KOHTPOJS CBApKU U OOECHEUYUTh MOJYYEHHE COOTBETCTBYIOIIETO JOKY-
MEHTA.

B nocnennue roasl psag gupMm-pazpaboTuUKOB cpeactB aedextockonuu Poc-
CUU U JPYTUX CTPAH 3aHATHI 3TUM HAIPABICHUEM.

[lepBasi mombITKa aBTOMATU3AaI[MU KOHTPOJISI CBAPHBIX CTHIKOB ObliIa peain3o-
BaHa B jedektockone MUI'-YKC. B otnuune oT npuHATOTO KOHTPOJIS CBApKH Tepe-
MeIlleHHeM OJHOTO (MUiu mapbl) npeodpazonareneit (I1211) mo moBepxHOCTH penbca B
OKOJIOIIOBHOM 30HE mpu paszpadorke MUI'-YKC npumeHeHo Mpo3By4YHMBaHUE ceue-
HUSl CBApHOTO IIBAa C MOMOUIbI0 MHOkecTBa (70-1) HEMOABMXKHBIX MpeoOpazoBare-
Jed, IPUKUMAEMBIX K MOBEPXHOCTH PENIbCA HA PACUETHBIX PACCTOSHUAX OT UCKOMO-
ro ceyeHus. /{1 rapaHTUPOBAHHOI'O BBISBICHHS PA3jIUYHO OPUEHTUPOBAHHBIX JE-
(eKTOB MPEeAYCMOTPEHO UCIOJIb30BATh 3X0-, 3€PKAJIbHBIN U JIeJbTa METOJbI YIIbTpPa-
3BYKOBOI'O KOHTPOJIS, & TAK)KE COUETAHHE 3TUX METOJIOB.

N3BecTHO, YTO HEKOTOpBIE NePEKThl OOHAPYKMUBAIOTCS BEChbMa YBEPEHHO MPHU
MPO3BYUYUBAHUM UX IO/ 33JJaHHBIM YTJIOM C OJJTHOM CTOPOHBI M IPAKTUYECKU HE (Op-
MHUPYIOT 3XO-CUTHAJIbI NIPY MTPO3BYUYMBAHUHU C APYroi. B cBsA3M ¢ 3TUM KOHTpOJb ce-
YEeHHs] CBAPHOTO CThIKA MPOU3BOJUTCS C ABYX CTOPOH, IprueM 0e3 pa3BopoTa OJIOKOB
npeoOpazoBaTeneit u camon 1e(heKTOCKOIMHON TEIEKKH.

[To pe3ynbraTam npoepku cBapHoro crbika MUI'-YKC dopmupyercs nporo-
KOJI ¢ MHEMOHUYECKUM M300pa’KeHUEM pelibca U MHAMKAIUEN 1eQEKTHOTO CEUEeHHUS,
A-pa3BepTKol cpabOTaBIIMX KaHAJIOB U MapaMeTpaMH KOHTPOJIS MO KaKJIOMY KaHaTy
[4].

OnpITHasE SKCIUTyaTalusl 3TUX NMPUOOPOB Ha psiAe JOPOr MOJATBEpAMIa Ipa-
BUJILHOCTh TEXHUYECKUX PEIICHUMN, 3aJI0)KEHHBIX B Aedekrockon. OaHako ObUIO yc-
TAHOBJICHO, YTO OOHAPY>KEHHWE HEKOTOPBIX TUMOB JAE(HEKTOB MPU HEMOJBUKHOM I1O-
JIO’)KEHUU TpeoOpa3zoBaTeiell MPOUCXOIUT HEYBEPEHHO, MOCKOJIbKY OTpaKarollue
TOYKHU OTHAENBHBIX J1€(EKTOB MPO3BYUMBAIOTCS HE LEHTPAIbHBIM JIy4OM, & TOJIBKO
OOKOBBIMHU JIy4yaMHu JHarpaMMbl HampaBlIE€HHOCTH mpeoOpasosarens. [Ipu sTom am-
IUTUTY1a 3XO0- WIH 3€PKaJIbHBIX CUTHAJIOB OKa3bIBAETCSI HUKE MIOPOTOBOTO YPOBHS.

Jlis ycTpaHeHusi 3TOro HejxocTaTka B cieayromeid moaupukanun MUT-YKC
MpEAYyCMaTPUBAETCS CKAHUPOBATh 30HBI CBAPHOI'O CTHIKA B JABYX HAIIPABIICHUSIX BCEM
rpynnoit npeodpaszoBateneid. [Ipu 3ToM curHaibl perucTpupyrorcs Ha B-pa3Beptke,
Y IIyMOBBIE CUTHAJIBI, IPUCYIIME 30HE CBAPKU, MOTYT OBITh OT(UIBLTPOBAHBI NPU BU-
3yaJbHOM aHanu3e. bynyT npuHSTH Mephl U 10 00Jee KOPPEKTHON MPUBS3KE JOKY-
MEHTAa KOHTPOJISI K KOHKPETHOMY CBapHOMY CTBHIKY. B 1nomosiHEHHME K BBOAMMOMY
BPYUHYIO HOMEpPY CBapHOTO CThIKa mnpeaycMmorpeHa Qukcanuss GPS-koopauHaTel u
dboToperucTpanys NoBepXHOCTH 1Ba. [locnennee mo3BosiseT He TONBKO OAHO3HAYHO
UACHTU(PUIUPOBATh CBAPHOU CTBHIK, HO MU JOKYMEHTHUPOBATH MOBEPXHOCTHBIE HAPY-
LIEHUS 30HbI CBAPKHU.



OpHako nake BHEIpEHUE aBTOMATU3HPOBAHHBIX CPEACTB BCE MPOOJIEMbI KOH-
TPOJISi CBAPKM TMOJHOCTHIO HE pemnT. Ha ydacTkax ¢ GOJIBIIMM HM3HOCOM TOJIOBKH
pesibca U ¢ 0YeHb BRICOKOW MHTEHCUBHOCTBIO IBMXKEHHUSI, I0-BUUMOMY, OYAYT, Kak U
paHbllie, MPUMEHSITBCS CpelcTBa pydHOro KoHTpois. Iloatomy 3mech HeoOXoAMMO
MaKCUMaJIbHO YIIPOCTUTH MPOLIECC CKAHUPOBAHUS U BBECTH 00s3aTeIbHOE (POPMHUPO-
BaHUE MPOTOKOIa KOHTPOJIs (CM. M. 1 u 2).

OZHOBPEMEHHO C CO3/1aHMEM HOBOM TEXHHUKHM HE0OXoauMMa pa3paboTka enu-
HBIX TpeOOBaHUI K THUIOpa3MepaM JAePEeKTOB, MOIeKaAUUX oOHapykeHuto. OTCyT-
CTBHUE MOJOOHBIX JOKYMEHTOB 3aTpYyIHSET pa3pabOTKy MpuOOPOB aBTOMATU3MPOBAH-
HOTO KOHTpoJIst cBapku. B To xe Bpems B psne crpan (CIIA, BenukoOputanus) ta-
KHe TpeOOoBaHMs CHOPMUPOBAHBI U SIBISIIOTCS OPUEHTUPOM JJIs1 pa3pabOTUYHKOB.

IlesnecooO6pa3HO TakKe OCHACTUTh JIMHEWHBIE MOAPA3/IEICHUS PEIbCAMU C MH-
HUMAJIbHO BBISBIIIEMbIMU JAe(EKTaMH CBAPKH Il HACTPOUKU CHEHUATU3UPOBAHHBIX
1e(eKTOCKOIOB (aHAJIOTUYHO HACTPOMKE ChEMHBIX TEJEKEK HAa KOHTPOJIBHBIX TYMH-
Kax).

BHenpenue aBToMaTU3MpPOBAHHBIX CPEJCTB MPUBEAET U K HEOOXOAUMOCTH Tie-
pECMOTpa HOPMATHUBOB KOHTPOJISI CBAPHBIX CTHIKOB B OOJBIIIYIO CTOPOHY.

B 3akimtouenre oTMeTHM: Mpo0jeMa KOHTPOJIS CBAPHBIX CTHIKOB MO-MPEKHEMY
OCTaeTCsl BECbMa CJIOXKHOM, a 3ajaya aBTOMAaTHU3allM¥ KOHTPOJIS, K COYKaJECHMIO, Ha
HACTOsIIIIeEe BPEMsI HUTJI€ B MUPE TOJHOCTBIO HE PEelleHa.

Ycunns oTpacieBblX HHCTUTYTOB U Pa3pabOTUMKOB CPEJCTB HEPA3PYILAIOIIETO
KOHTPOJISl PENIbCOB JIOJKHBI OBITH HANPABIICHBI HA CO3JjaHUE 00Jiee COBPEMEHHBIX U
(G (PEKTUBHBIX TEXHOJOTUH OOHapyKeHUs AePEeKTOB B IIECHKEe WU MOJOIIBE B 30HE
CBapHBIX CTHIKOB PEIbCOB.
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