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Bgeoenue. Tak Kak NIpH CTPOUTEIHCTBE MaruCTpajIbHBIX TPYOOIIPOBOJIOB CBapKa SBISETCS €IUHCTBEHHBIM CITOCOOOM
COCIMHEHUS OTHIENBHBIX TPYO B HENPEPHIBHYIO HUTKY, TO COBPEMEHHBIC CHCTEMBI YIPABICHNS Ka4eCTBOM MPOIYKINN
CBapOYHOTO TPOU3BOJACTBA OCHOBAaHHI HA MHHHMH3AIMH BEPOSTHOCTH TOSIBICHHUS XapakTepHBIX NePeKTOB. ITO
JIOCTUTAETCSI MOHUTOPUHTOM U IOKYMEHTHPOBAaHUEM CBAPOYHBIX paboT.

Mamepuanet u memoowt. IIpoBeeHHBIN aHANIW3 CUCTEM MOHHUTOPHHIA IPOIECCOB PYYHOW, MEXAaHM3MPOBAHHOU U
aBTOMATHUYECKOW OpOUTAIbHON CBapKU IMOKA3aJ, YTO MPOMBIINLICHHOCTh OCTPO HYXKIAETCS B CUCTEMax, HE MPOCTO
KOHTPOJHUPYIOMIHNX U JTOKYMEHTHPYIOIIMX MPOLIECC CBAPKU, HO U MPOTHO3UPYIOUIUX KAUECTBO CBAPHBIX COEIMHEHUH.
DTO aKTyamu3upyeT HEOOXOJUMOCTh pPa3pabOTKH WHTEIUICKTYalbHOTO MOJIYJs, KOTOPBI CMOr OBl Ha OCHOBAaHUHU
pe3yIbTaTOB MOHHTOPHHTa B pEXHME pEaNTbHOTO BPEMEHH OIEPaTHBHO IPOTHO3MPOBATH KAadeCTBO CBapHBIX
COCTMHCHHUM.

Peszyromamer uccnedosanus. Tak Kak TeOpeTHIECKask CBSI3b Pe3yIbTaTOB MPOTHOSHUPOBAHUS C TOKA3ATEISIMHA KadecTBa
IIBa XapakTePU3yeTCs B3aMMOJCHCTBHEM 3HAYUTEIHHOTO KOJIMYECTBA (H3MUSCKUX SBIICHHH, MPOTEKAIOMHNX BO
BPEMCHH, TO PE3YJILTAThl MPOILECCa CBAPKH MOTYT OBITH ONHCAHBI TOJBKO JOCTATOYHO MOJHON HECTaIllMOHAPHON
(U3NKO-MAaTEeMAaTUUCCKON MOJIENBI0 CBapOYHOro mporecca. OIHAKO C IETbI0 BO3MOXKHOCTH IPOTHO3HPOBAHUS
pe3ynbTaToB Tpollecca CBapKU HEMOCPEACTBEHHO MPU WX MOHHUTOPHUHIE TpeiaraeTcsl YHpPOIICHHas MOJAEb
HpOFHOSl/IpOBaHI/Iﬂ, FﬂaBHOﬁ OCO6CHHOCTI)IO KOTOpOfl SABJIACTCA BO3MOXHOCTH CI/IHXpOHHOFO BBITIOJIHCHUSL paC‘{éTOB C
PeabHBIM MPOIIECCOM, UTO PEATU3yeTCs B IUKJIE PEaTbHOTO BPEMEHH C 33JIAaHHBIM IIaroM.

Obcyoicoenue u 3axaroyenus. T TaBHBIM TPENSTCTBHEM YCIEUTHOTO (DYHKIIMOHMPOBAHUS MOZYJS ONEPAaTHBHOTO IIPO-
THO3HUPOBAHHS, MTOMUMO JUTUTEIFHOCTH YHCICHHOTO PEIIeHUS YpaBHEHHH MOJENH, SBISETCS IOTPEITHOCTh OICHKH.
Uto0bI 00ecIieunTh MUHIMAIBHYIO TIOTPEITHOCTh BUPTYaIbHOTO BOCIIPOU3BEACHHUS NIPH YIIPOIICHUH HEOOXOIMMO TIPO-
BECTH KOMIUIEKCHBIC UCCIIEAOBAHMS 3HAYUMOCTH OTIEIBHBIX (PaKTOPOB U SBJICHUH Ha IOKA3aTeNN KadecTBa. DTH CO00-
paxeHHs ONpeNeuid COIep KaHue U MOCIe0BATEILHOCTh PaboT MO CO3JaHHUI0 M BHEAPEHUIO MHTEIEKTYaJIbHOTO
MOI[yJ'DI OHepaTI/IBHOFO HpOFHO3I/IpOBaHI/I51 KadyeCTBa CBapKI/I. HeCOMHeHHO, qTo HH(bOpMaHHSI j1(0) HpOFHO3I/IpOBaHI/IIO
KauecTBa CBAPHBIX COCJUHEHH TOJDKHA OCTYNaTh B CUCTEMY YIPABICHUS KaYeCTBOM TPYOOMIpPOBOIOB OoJiee BBICOKO-
Tro ypOBHH, a TaKXe aHaJ'II/ISI/IPOBaTI)CH CTpOI/ITeJ'II)HI)IMI/I OpFaHI/BaHI/ISIMI/I C LICIIBHO BLIpaGOTKI/I HpO(I)I/IJ'IaKTI/I‘IeCKI/IX Mep

10 COBEPUICHCTBOBAHWIO OpTaHU3alluX U BBITIOJTHEHUIO CBAPOYHBIX pa60T.
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Introduction. Since welding is the only means to connect pipe lengths into a continuous line when constructing main
pipelines, modern quality management systems for the welding industry products are based on minimizing the
occurrence of specific defects. This is achieved through monitoring and documenting welding procedures.

Materials and Methods. The analysis of monitoring systems customized for manual, mechanized and automatic orbital
welding has shown that the industry urgently needs systems that not only control and document the welding process, but
also predict the quality of weld joints. This actualizes the need to develop an intelligent module that could, basing on
real-time monitoring results, predict the quality of welded joints on the fly.

Results. Since the theoretical connection between the forecasting results and weld quality attributes is characterized by
the interaction of a significant number of physical phenomena continuous in time, the results of welding can be
described only by a sufficiently complete nonstationary physicomathematical model of the welding process. However,
in order to be able to predict the results of welding directly during the monitoring of the process, a simplified
forecasting model is proposed whose key feature is the ability to perform calculations synchronously with the real
process, which is implemented in a real-time mode with a given interval.

Discussion and Conclusions. The major obstacle to the successful functioning of the operational forecasting module,
apart from the length of the numerical solution of equations, is an estimation error. To ensure the minimum error of
virtual display during simplification, it is necessary to conduct comprehensive studies of the significance and influence
of individual factors and phenomena on quality attributes. These observations determined the content and sequence of
work on the creation and implementation of an intelligent module for the operational forecasting of welding quality.
Undoubtedly, the information on the forecasting of the weld joint quality should enter a higher-level pipeline quality
management system, as well as be analyzed by construction organizations in order to develop preventive measures to
improve the organization and performance of welding work.
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Bgenenue. [ocnenoBarenbHoe pazButue HHOPACTPYKTYpbl He(DTEra30Boi oTpacin TpedyeT MOCTOSHHOTO COo-
BEPIIEHCTBOBAHUSI TPYOONPOBOJHBIX CHCTEM, TaK KaK TPyOOIPOBOIHBIA TPAHCIOPT B HACTOsIIEE BpeMsi Haubojee
MPEANOYTUTENCH Uil TPAHCIIOPTUPOBKU YIIIEBOJOPOIHOTO CHIPhSl M MPOAYKTOB €ro nepepabotku. M3BecTHO, YTO HA
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COBPEMEHHOM JTalle Pa3BUTHUSI TEXHOJIOTUH CTPOUTENHCTBA MArHMCTPAIILHBIX TPYOOIIPOBOIHBIX CHCTEM CBAapKa SIBJISIETCS
€IMHCTBEHHBIM CIIOCOOOM COETMHEHHMS OTACNIBHBIX TPYO B HETIPEPHIBHYIO HUTKY HEIIOCPEICTBEHHO Ha Tpacce.

C yueToM TOCNeCTBUI aBapuil 1 OTKa30B B paboTe, MarucTpaibHble TPyOOIpPOBOIBI OTHOCATCS K KaTerOPHU
OTIACHBIX TMPOM3BOJICTBEHHBIX 00BEkTOB. Tak Kak mo maHHBIM PocrexHom3opa cBeime 85% aBapuii u katactpod Ha
00BEKTaX MPOUCXOAWT M3-3a pasrepMeTH3allH WM OTKa3a CBApHBIX COSAWHEHHH, TO BeChbMa akTyajbHa Ipoliema
obecrieueHN KauyecTBa CBAPHBIX coeNWHEHHWH. [103TOMy KadecTBO NMPOBEACHUS CBAPOYHBIX Pa0OT SABISETCS OCHOBOMN
6€e30IacHOM HKCILTyaTaIuy JF000# TpyOOTIPOBOIHOM TPAaHCIIOPTHOM cuCTeMHI [1].

KauecTBo cBapHOTO IIBa OIIEHWBAIOT Pa3MEPAMH €T0 IMOTIEPEYHOTO CEYECHHUS], MEXaHNIECKUMHU CBOWCTBAMH Me-
TaJIa mBa 1 30HE TepMudeckoro BiusHus (3TB), pacnpeneneanem HanpsHDKEHUH W OCTaTOYHBIX eGOpMaIiii, BEposT-
HOCTBIO BO3HUKHOBEHUS XOJIOIHBIX M TOPSYUX TPEIIUH, HATHIHEM IOp, HeCIUIaBIeHUU U Ap. nedektoB. CoBpeMeHHbBIE
CHUCTEMBI YNPABICHUS KAUeCTBOM MPOAYKIMHM CBAPOUYHOTO MPOU3BOACTBA OCHOBAHbI HA MHUHHUMHU3ALMU BEPOSTHOCTH
MOSIBIICHUS XapaKTEePHBIX JePeKToB. [l ATOro MPOBOMAT OPTaHU3AIMOHHO-TEXHUIECKHE MEPOIIPUATHS 10 TTOTOTOB-
K€ ¥ pealr3aliy MpoIeccoB CBapKU. Takoi MOAX0 CIIOCOOCTBYET HE TOJBKO IMOBBIIICHHUIO KAUYECTBAa CBAPHBIX COCHH-
HEHUIA, HO U COBEPIICHCTBOBAHUIO CBAPOYHBIX TEXHOJIOTHH, PAlMOHAIEHOMY BEIOOPY CBapOYHBIX MaTCpPHAJIOB, pa3BU-
THIO METOJIOB KOHTPOJISI MPOLIECCOB CBApKHU. B 3TOH CBS3HM paccMOTPUM IOpoOHEe OCHOBHBIE CBAPOYHbBIE TEXHOJIOIUH,
IIpUMEHsIeMBIE TIPH CTPOUTENHCTBE TPYOOIIPOBOIOB.

Marepuajibl 1 MeToAbl. B Hacrosiiee BpeMsi Hauboiee 4acTo UCIOJIb3yEeMbIM METOIOM COEIMHEHHS TPYO
MarucTpaibHbIX TPYOOIPOBOJOB B HUTKY SIBJISIETCS JIyroBasi cBapka IuiaBieHueM. [Ipu cTpouTenbcTBe TpyOOIPOBOIOB
MIPUMEHSIOT PYYHYI0, MEXaHH3UPOBAaHHYIO M aBTOMATHYECKYIO CBapKy. PyuHast myroBast cBapka xapakTepu3yercs Mmpo-
CTOTOW peann3anui, MOOMIEHOCTHIO 00OPYIOBaHUS, OJHAKO OHA JIOCTATOYHO TPYHOEMKa M TpeOyeT OOJBIIOTO KOJH-
YecTBa KBATU(HUIIMPOBAHHBIX KaapoB. Kpome Toro, mpu py4dHOH AYTOBOW CBapKe BO3MOXKHO BO3HHKHOBEHHE 3HAUH-
TENBHOTO KondecTBa Ae(hekToB. MexaHM3UpOBaHHAs (ITOJTyaBTOMAaTHIECKas ) CBapKa TPYOOIIPOBOIOB, IO CPaBHEHHIO C
PYYHOH OyTOBOM cBapKoii, OoJyiee mpom3BoauTenbHa. OIHAKO W OHA HE JIUIICHA HETOCTATKOB, TIABHBIC M3 KOTOPBIX —
MOBHIIIEHHOE Pa30pBI3THBaHUE NEKTPOIHOTO METaJlTa, MPOOJIEeMbI Ta30BOM 3alIUTHI, BEIICICHUE a3p030Iiel, 0COOCHHO
IIPU CBapKe CaMO3allUTHOM MOPOIIKOBOM MPOBOIOKOH. CieyeT OTMETUTb, YTO CIIOCOOBI PyYHOH U MEXaHHU3HUPOBAHHON
CBapKHU XapaKTEePU3YIOTCS BBICOKOM CTETIEHBI0 CYOEKTHUBHOTO BIUSHUS UCTIOTHUTENEH. MeHee 3HaUNM «4eJI0OBEUYECKHil
(axTop» /sl aBTOMaTHYECKUX CIIOcO00B cBapk. OJJHaKO aBTOMaTH4YecKasi OpOUTallbHAsl CBapKa, B CPAaBHEHUH C Pyd-
HOW M MEXaHM3MPOBAHHOW CBAapKOW, MeHee MOOWIIbHA. B HacTosIee BpeMsi Cpeu YCTaHOBOK IS aBTOMATHYCCKOMN
OpOUTAIBHOW CBApKH CIIElyeT BBLICIUTH 000PYI0BaHUE JUIS CBAPKHU IUIABSIIIMMCS 3JIEKTPOIOM C YIIPaBIIEMbIM Karlie-
MIEPEHOCOM AJIEKTPOJHOTO MeTayuia [2]. JIIs CHYDKEHHS BIHMSIHHS XapaKTepPHBIX BO3MYIICHHI BeChbMa IMEPCIEKTHBHO
MIPUMEHCHNE aJTalTHBHBIX TEXHOJIOTHH, OTIEPATHBHO KOPPEKTHPYIOIINX MPOIecc cBapku [3].

Cpenu pacXOIHBIX MaTepHAJIOB, MIHUPOKO MPUMEHSIEMBIX U aBTOMAaTHYECKONH M MEXaHW3UPOBAaHHOM CBapKH,
MOJKHO BBIJICIUTH Ta303alIUTHBIC TIOPOIIKOBEIE MTPOBOJIOKH. CaMO3aIIUTHEIE IIPOBOJIOKH, HECMOTPS Ha IENBIA PSII Tpe-
HMYIIECTB, IPUMEHSIOTCS B 3HAYUTEIHFHO MCHBIINX 00BbeMax.

B mocnennue roapl aKTUBH3MPOBAINCH TIONBITKA BHEAPEHHS TIPH CTPOHUTENLCTBE OOJiee MPOU3BOIUTEIBHBIX
TEXHOJIOTUI aBTOMaTHYECKOHW CBapKH, HANpHUMep, IUIa3MEHHOH, Ja3epHOM, KOHTaKTHO-CTBIKOBOM, a Takke CBapKH ¢
COYeTaHHWEeM pa3InYHBIX HCTOYHUKOB Harpesa [4]. OxHaKo Bce 3TH CIOCOOBI CBapKH MMOKA HE HAIUIM NPOMBIIIIEHHOTO
MPUMEHEHHUST WK KCIIOJIB3YIOTCS B KpaiiHe OrpaHHYeHHBIX 00beMax. BHeipeHne aBTOMaTHYeCKUX CBApOYHBIX IPOIec-
COB CHMXKAeT BIIUSTHHME UE€IOBEKa Ha KayecTBO CBapHBIX coequHeHuil. OJHaKo BOIpOCaM, KacaroLUIMMCS BBINOIHEHUS
CBapIIIKOM HIIH OMIEPAaTOPOM CBAPOYHOTO 000PYJOBAaHUS MPEATUCAHHBIX TPEOOBAHUN M HHCTPYKIIMHA TIO IPOM3BOJACTBY
pabort, ynenseTcs NpucTaabHOE BHIMaHHUE.

B mHacrosmiee BpeMms Mporexypsl MOHHTOPHWHTA CBapOYHBIX padOT CTalmM COCTaBHOM YacThIO HAYYHO-
TEXHUYIECKOTO COMPOBOXKACHUS CTPOUTEIBCTBA MarHCTPaJIbHBIX TpyOompoBoaoB. IIponeaypsl MoHITOpHHTA 0OecTieyn-
BalOT HAOJIOIEHHUE 32 SHEPTeTHIECKIMH MTapaMeTpaMHy MPOLIECCOB CBAPKH, MPEAYIPEkKACHHE U MPOYUIAKTUKY TPUINH
HECOOTBETCTBHUS CBAPHBIX COEAMHEHUI TpeOOBaHMSM HOPMAaTHUBHO-TeXHHYecKoW mokymenrtanmu (HT/I), koHTpons ux
ycrpaHeHusi. OZJHOBpEMEHHO IPOLelypbl MOHUTOPHHTA MTO3BOJISIIOT PEaiM30BaTh psiJi TPEOOBAHUM 10 IOKYMEHTHPOBA-
HHIO BBITIOJIHSEMBIX PabOT. DTO JOCTUraercsl MOAKIIOUYEHHEM K COBPEMEHHOMY CBapOYHOMY OOOPYIOBAHHIO CIICIH-
QJIBHBIX PETUCTPATOPOB C COOTBETCTBYIOIINM ITPOTPAMMHBIM 0OecriedyeHneM [5].

TumoBas cxema (GyHKIMOHAPOBAHUS IMOJOOHBIX CHCTEM MPECTaBICHA Ha puC. 1.

Pa3paboTkoif TOJOOHBIX CHCTEM MOHHUTOPHHIA, PETUCTPAIMM U JOKYMEHTHPOBAHMS IMapaMeTpOB IIpolecca
CBapKM 3aHUMAETCS IENBIA Psii OTEYECTBEHHBIX BBICOKOTEXHOIOTHYHBIX HAYKOEMKHX HpeAnpuiaTuii. CHCTEMBI MOTYT
OBITH BCTPOCHBI B COBPEMEHHBIE N(POBBIE HICTOUHUKH CBAPOYHOTO TOKA HIJIM M3TOTOBJICHBI B BHJIE OTACIBHBIX OJIOKOB.
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[Ipu MOHHMTOPHHTE IpoLecca JyroBOM CBApKH JUIs PETHCTPALMK [IapaMeTpOB aBTOpaMu paboTsl [6] Oblia pas-
paboTrana MHOTOIIOCTOBas (10 64 CBapOYHBIX MOCTOB) PETHCTPUPYIOIAs CHCTEMa M3MEPEHHMs, OTOOpaKEeHHsI U CoXpa-
HEHUS JaHHBIX O TOKE CBAapKH, HANPSDKCHUH Ha JyTe U TEMIIepaTyphl CBapUBaeMbIX JieTaneil. Perncrparops! Takoi cu-
CTEMBI MOTYT pacronaratbes Ha paccTostHud 10 300 M 0T MecTa yCTaHOBKH IEPCOHAILHOTO KOMITBIOTEPA CO CHELUalIH-
3MpOBaHHBIM IporpaMMHbEIM obecniedenueM (110).

CXxoXpe pelleHus] WCIONB3YIOTCS M IPYTUMHU Pa3pabOTIYUKaMU CHUCTEM JOKYMEHTAIMH TPOIECCOB CBAPKH,
Hanpumep, npeanpustusmMu «Ltopmy, «HIID UTCy, «Tanmay, «dmioi» u ap. CucteMa MOHUTOPHHTA U KOHTPOJIS
«Weld Telecom», pa3paboTanHas komnanueil «2I0i», obecreunBaeT NOCTYIJICHHE HH(OPMAUN KaK C €IUHUIHOTO
MOCTa, TaK U C 1IEJIOr0 MapkKa CBApOYHOro 000pYIOBaHUs Yyepe3 YAajIeHHbIil cepBep ¢ UCIIOIb30BAaHUEM IIPOBOJHOM MIIN
6ecnipoBonoit cetn Wi-Fi. Takue Bo3moxnocTu cuctembl Weld Telecom obecrieunBaroT HabI0IeHHE 32 BBITIOTHSE-
MBIMH CBapIIMKAaMH TE€XHOJOTHYECKHMH ONEPalUsIMH U KOHTPOJIb TEXHHYECKOTO COCTOSHHS CBApOYHOTO 00OpyHOBa-
Hust. [IpudeM cructeMa 1Mo3BOJIseT Kak HaOMIOaTh 3a MPOLECCOM, TaK U IepefaBaTh KOMaH/bI 10 KOPPEKTUPOBKE pe-
JKMMOB CBapKH, 4UTO CJIEIyeT CUYMTATh 3HAUNMBIM IIaroM B peanu3anuy KoHuenuuu Industry 4.0 ¢ momMonisio 1aTYMKOB
u cereil. [Tomumo 3ToTO, CHCTEMa OOECIIEeYNBAET JOKYMEHTHPOBAHHE IIPOLIECCOB CBAPKH C aBTOMAaTu3amnueil coopa, cu-
CTeMaTH3alMX U XpaHeHUs: HHGOpMaLuK U1 (OPMUPOBAHKS ITACIIOPTOB CBAPUBAEMBIX M3AEIMH W HCIIOJIB30BAHUS MX
NpU yNpaBJICHUH KauecTBOM Npoaykimu. Bo3moxknoctr cucrembl «Weld Telecom» nmo oOpaboTke M BU3yanu3aiuu
rapamMeTpoB pexxuMa CBapKH IPHUBEACHBI Ha puC. 2.

Puc. 2. Boamoxuoctu cucremsl «Weld Telecom» 1o Bu3yanu3anuy HapameTpoB

AKTHBHO 3aHUMAIOTCSI pa3pabOTKOH CHCTEM PErucTpaluy M JOKYMEHTHPOBAHHUS IPOLIECCOB CBApKH U 3apy-
OeKHBIE pa3pabOTYMKU W MPOU3BOIUTENIM CBAPOUHOTO 00opymoBaHus. [10100HBIE POCCHIICKIM KOMITAHHSIM PEIICHHS
M0 PETUCTPALUU MApaMETPOB TIpoIiecca CBAPKH JEeMOHCTPUPYIOT Gupmbl Fronius (ABctpus), Kemppi (OunisHIus),
Miller Electric (CLIA) u nemsli ps Apyrux 3apyOeKHBIX KOMITaHHH.

CreiyeT OTMETHTb, YTO HECKOJBKO OONBIIMMH BO3MOKHOCTSMH O00Jaal0T CHCTEMbl MOHHTOPHUHIA M KOH-
tposst Production Monitoring kommanuu Lincoln Electric (CLLIA) u Merkle Quality Control komnanun Merkle Group
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Inc (CHIA). OTH cucTeMBbl HE NMPOCTO OCYIIECCTBISIOT MOHUTOPHHT M PErUCTPALIMIO apaMeTPOB Ipolecca CBapKu, HO
BBISBISIIOT U PETHCTPHUPYIOT JAaHHBIE 00 nX oTkiIoHeHusx [7]. Cucrema Production Monitoring B pexxume on-line cpas-
HHUBAET 3apaHee 3aJaHHbIEC M0JIb30BATEIEM 3HAUECHHs HANpPsDKEHUS, TOKA, CKOPOCTH MOJA4YH AJIEKTPOIHOH HMPOBOJIOKH,
BpEMEHHOTI'0 WHTEpBaJia Mpoiecca CBapku ¢ dpakTndeckumu 3HadeHusMu. Cuctema Merkle Quality Control o6ecreun-
BacT JOKYMEHTHPOBAaHHME UM KOHTPOJIb JO § MapaMeTpoB Ipoliecca MEXaHW3UPOBAHHON CBApKH C BO3MOXKHOCTBIO MX
apxuBanuu. Takue BO3MOXHOCTH CHCTEMBI (DUKCAI[MM OTKJIOHEHHWH OO0ECIeUYMBAlOT HE3aBHCHMBIE CEHCOpPHI TOKa,
HaTpsDKEHUS, IPOBOJIOKH M Ta3a. OHAKO TaKWe CHCTEMBl YCTOHYHMBO paboTalOT TOIBKO ¢ 00OPYZOBAaHHEM COOCTBEH-
HOW pa3paboTKH.

[ToaTOMy MOXHO KOHCTaTHPOBATh, YTO HanOOJIee MOMYJISIPHBIE CHCTEMBI MOHHUTOPHHTA IIPOIIECCOB CBAPKH HC-
MOJIB3YIOTCS [UIsl JOKYMEHTHPOBAHUS UX MapaMeTpoB, a TAaKXkKe JUIs aHalli3a pacxojia MaTepHajoB, HCIIOIb30BaHUs pa-
0ouYero BpeMEHH, PETHCTPAIIMN BBIX0/Ia TAPAMETPOB 32 MPEAEIBI JOMYCKOB, AUCIMIUIMHIPOBAHNS CBapIIUKOB. OTHAKO
HH OJTHA U3 CHCTEM HE OTBEYaeT Ha IJIaBHBINA BOIIPOC — K KAKHUM ITOCIIECTBUSM NPUBEIYT BBISIBICHHbBIE OTKIOHEH!. C
YYETOM BBE3KCHHOTO, HY)XHBI CHCTEMBbI, HE TOJIBKO KOHTPOJHMPYIOIIHE W JOKYMEHTHPYIOIIUE MPOIECC CBAPKH, HO M
MIPOTHO3UPYIOLIHE €ro pe3yibTaThl. CleayeT OTMETUTh, YTO, HECMOTpPS Ha MONBITKH MPOTHO3UPOBATh Ka4eCTBO CBap-
HBIX COCJUHEHHH IO pe3yJbTaTaM MOHUTOPHHIA MapaMeTpPOB IMPOLIECCOB CBAPKH, NMPEANPHUHSATHIC KaK B Hayajie HbI-
HemHero ctojeTws [8], Tak u mo3aHee [9], cucTeM ONMEpPaTHBHOTO MPOTHO3UPOBAHUS KadyecTBa HEMOCPEICTBEHHO Ha
MeCTe BBITIOJIHEHHUS] CBAPOYHBIX PA0OT HA CETrOAHSIIHUI JEHb MONPOCTY HE CYIIECTBYeT. Bee 3To akTyanu3upyer Heoo-
XOJIMMOCTb Pa3pabOTKK MHTEJUIEKTYaIbHOTO MOJYJISL, KOTOPBIA CMOT Obl ONIEPATUBHO IPOTHO3UPOBATH KAueCTBO CBAp-
HBIX coenHeHnH. OTHAKO CO3aTh TAKOH MOIYJIb MOXKHO TOJIBKO CBSI3aB IIOKA3aTENIN Ka4eCTBA CBAPHBIX COCIMHEHUHN C
(haKTHYECKUMH TTapaMeTpaMu PEKUMa CBAPKH, PETUCTPUPYEMBIMHU B peKHMeE on-line.

Oo0cy:xknenne n 3akiardenns. K coxanenuro, Teoperudeckas CBA3b pe3yabTaTOB IPOTHO3UPOBAHUS C MOKa3a-
TEJIIMHM KauecTBa LIBa XapaKTepU3yeTCsl B3aMMOJICHCTBHEM 3HAUUTEIBHOTO KOJIMYECTBAa (PU3NYECKUX SIBJICHUH, IPOTe-
KaloInX BO BPEMEHHM, TaK KaK MMEHHO OHM OIPEACISIOT IOABOJ TEIUIA, YCIOBUS (POPMHPOBAHMS M KPUCTAJUIN3ALMN
CBapOYHOM BaHHBI, Pa3MepoB LIBa U MUKPOCTPyKTypsl 3TB [10]. Ognako mpeacraBieHUE MPOLECCOB CBApKHU B BHUJE
CJIOKHBIX, MHOTO(aKTOPHBIX CHCTEM MO3BOJISIET HCIIOIB30BATh IIPU MX HCCIEAOBAHUM MAaTEMAaTHIECKOE MOAEINPOBA-
uue. Hanbonee mpocTo cobpare HEOOXOAMMBIE ATl MPOTHO3MPOBAHUS AaHHBIE B CTAIIMOHAPHBIX IIEXOBBIX YCIOBHUIX
[11]. OnHako B yCITOBHSAX TPACCHI CIOKHO 3aMEPHTH IIEJIBIN PsiJl MapaMeTpoB MPoIecca pYTHOH B MEXaHU3UPOBAHHOM
cBapku. Hampumep, nepemerneHns pyKy CBapIyKa M MapaMeTpbl KoJeOaHni JIEKTpoaa B pa3feike IMPH PyIHOH HiIH
MEXaHW3UPOBAHHOHN CBapKe SIBIAIOTCS HEKOHTPOJIMPYEMBIMU BeIWIMHAMH. O HUX MOXXHO CYAWTH TOJBKO IO KOCBEH-
HBIM ITPU3HAKaM.

Henp3st He yunTHIBaTh BIMSHUE HA KauecTBO (HOPMHUPOBAHMUS CBAPHOTO IBAa COOPKH CTHIKA, TAK KaK JaXke IpH-
HATBIE oTnenoM TexHudeckoro koHTpousst (OTK) coOpaHHble CTHIKM OYAyT MMETh OTKJIOHEHHMS B IpeJeiiax JOIycKa.
Ecnu mpu aBTOMaTHueCcKOi OpOMTAJILHOM CBapKe [UIsl ONIPEAEICHHs peaJbHOr0 NpoQuiIs CBapUBaEMBIX KDOMOK MOKHO
UCIIONIb30BaTh CKaHUPYIOLIME Ja3epPHO-TEJIEBU3NOHHBIE CHUCTEMBI [12], TO mpyu py4HOW M MEXaHM3MPOBAHHOW CBapKe
MPUMEHUTh MX AOCTAaTOYHO CI0XHO. [I03TOMy NporHO3MpoBaHME KadecTBAa PYYHOW M MEXaHM3HPOBAHHOW CBapKH
TOJIBKO 1O pe3yibTaTaM 00pabOTKM (PaKTHUECKHX 3HAUCHHWH SHEPreTHYECKUX IapaMeTPOB INPOIECCa MOXKET HOCHTh
TOJIBKO OLICHOYHBIHM, MPUOIMKEHHBIN XapakTep. sl MOBBIIEHNUS JOCTOBEPHOCTH TAKOTO IIPOTHO3a HEOOXOIUMBI pe-
aNbHBIC JAHHBIE O PACHPEICICHNN Pa3MEPOB pa3/esIKi KPOMOK MO CTBIKY TpyOomposoza. B Tex ciywasx, koraa mpu-
MCHATH JIA3€PHO-TEIEBU3NOHHOE CKaHHMPOBAaHUE HEBO3MOXHO, HYXKHO HCIOJIB30BaTh APYIHe TEXHOJIOTHUECKHE IpHeE-
Mbl. Tak, ecnu npeHeOpedb M3MEHEHHEM 3a30pa B XOJIE CBApKH BCJICACTBHE TEIJIOBOIO PACIIMPEHUS U JehopMalun
MeTajljia, TO MOHUTOPUHT COOPKH CThIKAa B XOJI€ CBAPKH MOXKHO 3aMEHHTh U3MEPEHUEM €I0 Pa3MEpOoB JI0 Havaja cBap-
ku. Tak kaK BeJTMYMHA 3230pa OTHOCUTEIEHO MEJUIEHHO MEHSIETCS BJIOJIb CTHIKA, TO JOCTATOYHO BBIIIOJHUTH U3MEPEHHE
B HECKOJIBKUX TOYKaX, a OCTAJIbHBIE pa3Mephbl CThIKA ONPENeIISiTh MHTEPIOJSIMEH MMEIOIUXCs pe3yapTaToB. EcTh emé
OJIHa BO3MOKHOCTB TOBBIIIEHHS JOCTOBEPHOCTH IIPOTHO3a, KOTJa y4eT IapaMeTpoB CBAPKH 3aTpyaHEeH. MOXKHO y4H-
TBIBAaTh NX BO3MOJKHBIM pa3Opoc (HampuMep, IOMyCK Ha AMAMETP MPOBOJIOKH, BO3ZMOXKHBIE BAPHAILIMH CKOPOCTEl CBapKH
U TI0Ja4Yy IPOBOJIOKH, 3a30pa B CThIKE M T. I.). OZHAKO B 3TOM CiIydae Ha Pe3yNbTaT MOACIUPOBAHUS AOCTATOYHO
CJIO’KHO HAJIOKUTh OTKJIIOHEHHS OT HECTAOMIBHOCTH TEX NapaMETPOB, KOTOPBIC HE U3MEPSIIOT.

Crenyer OTMETHTB, UTO BCIIEACTBHE (DIyKTyalmi mapaMeTpoB CBapOYHOTO IIpoIiecca MOKa3aTelH KadecTBa
IIBOB HEPABHOMEPHO PACTIPEIEIIIFOTCS KaK 110 JUIMHE, TaK U 0 TOJIIMHE CBApPEHHOTO CThIKa. [loaTOMy KOHEUHOI 3a7a-
4yeld MOAYJISi IPOTHO3MPOBAHMS KaueCTBa COCAMHEHUH SIBISICTCS BBISBICHHE MMEHHO TE€X YYacTKOB IIBa, Ha KOTOPBIX
BEPOSITHOCTh YXY/ILICHNS NIOKa3aTeJleld KauecTBa KPUTHUECKH BbIcOKa. O4EBUIHO, YTO CTOJIb CIIOXKHAs CBA3b MOKa3aTe-
Jie KayecTBa C IMOJIy4aeMbIMH pe3yJbTaTaMi TPeOyeT HCIIOJIb30BaHMSI COBPEMEHHBIX MHCTPYMEHTOB IIPOIHO3HMPOBa-
HUSL.

C y4eToM 3TOro, NIpOrHO3UPYEMbIE PE3yJIbTaThl MOTYT OBITH ONMCAHBI TOJIBKO JTMHAMHYECKOH (HecTalroHap-
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HOH) (hu3uKO-MaTreMaTHyeckoil Moaenbo. [IpuHrMas Bo BHUMaHue MpoOieMbl (PUKCAUKM PaclIMpEeHHOro Habopa mna-
paMeTpoB, B MOJIEJIU JIOJDKHBI MCIOJIB30BaThCS NMPHEMBI cypporaTHoi ontumuszaunu [13]. C yyeTom 3THX cooOpake-
HUM, Ha pUc. 3 NpUBEIEHA CTPYKTypa ANHAMUUECKON (PH3UKO-MAaTEMaTHYeCKONH MOJIEIIH, UCIIOIB3yEMOH B COCTaBE MO-
Iy OTEPaTHBHOTO MPOTHO3MPOBAHMS KAadECTBA CBAPHBIX COCAWHEHMH 10 MHHHMAJIBHOMY YHCIy aHAJIU3HPYEMbIX
apamMeTpoB.

Broa jaHHEBIX: Bazel JaHHEIX
MATCpHAJBl, THI CThIKA, HOMHHAJIBHBIC [ApAMCTPHL CBapKH M | MO CBOHCTBAX MATCPHAIIOB,
BEPDHTH LIC ,'.'l,Dl'I)I'CI(H Ha HX 3JHAYCHHC. CTE.I-II[apTHLIx PEISMCPOB
Yrenue 0asz NaHHBIX: CThIKA M IIBA.

DHpBﬂBJICHl{E HCXOJHOM TCPMOJAHHAMHYCCRKOID COCTOAHMA.
LMEA peajbHOro BpeMeHn

Yuer qiOpMEI 1 pasnenki KPOMOK CTHIKA Broa qasneIx
BuyrpeHHHH HTePALHOHH LI LHKI MOHHTOPHHIA:
MoteiHpoBaHie CBAPOMHOTO Npolecca: - MOIOKEHHE CBAPKH,
- ONpee/CHHE PACTIONOAKEHHA OYTH H pacnpeiacieHua ¢f | - TeKyIHe pa3Mepsl
MOITHOCTH [0 TIOBEPXHOCTH CTHIKA H CBapOMHON BAHHBI; pa3iekH,

- onpelefieHHe pacnpelelieHHs TEMIEpaTyp M pa3sMepoB | - TOK M HATIPAXKEHHE AYTH.
CBapOUHOIT BAHHBL,

- onpeiaeneHHe JjedopMalHH  MOBEPXHOCTH CBapouHOH
BAHHEL.

N0KA He JOCTHIHYTO PaBHOBECHOe COCTOAHHE MOBEPXHOCTH
EBBpﬂlIHllﬁ BiHHLI

OnpegencHie  TEKYLMX 3HAUCHWIT pasMEpoB [ONEPEHHOTO
CEUCHHA H XHMHYECKOTO COCTABA METAJIA LUBA, €ro CTPYKTYPHI
H MEXaHHUCCKHX CBOHCTR.

Pacuér Tekywmx sHaucHHil HanpamcHuii ¥ acdopmauMii.

OueHKa COOTBETCTRBHA TEOMETPHH CTBIKA M KPHTEPHER Baza TpeGopaHmii
KauccTea 1IEA HOPMATHBHLIM TPCOOBAHHAM. K KaueCcTBY NMPOoJYyKLIHH
IporHo3 BeposTHOCTH Ae()eKTOB M BIBOI TIPSy NPEH TAFOIIHX]
CODﬁ[[[EHHﬁ B X0J¢ BEIMOJIHEHHA IPpOX0[Ja.

NoKa He 3aBeplllieHa CBapKa NMpoxoia mea

BuiBoj MpoTOKOJIA 0 Pe3yJbTATAX NPOrHOIHPOBAHHA BEPOATHOCTH
BOIHHKHOBCHHA ncd}EICTOB B NPpOoX0Jax CEAPDHEACMOI'0 HIEA

Puc. 3. CprKTypa q)H3HKO-MaTeMaTH‘IeCKOﬁ MOJCIIH JUIsl IPOTrHO3UPOBAHUSA PE3YJIIBbTATOB IMIPOLECCOB CBAPKU
B COCTAaB€ MHTEJUICKTYAJIbHOT'O MOIYJIA

[lepen BEIONIHEHWEM CBAapKH B IPOTpaMMy BBOIHMTCSA WH(pOpPMAIMA O MpoIecce: THI COeTMHEeHusI u (opma
Pa3IenKy, TONIIMHBI CBAPUBACMEBIX JICTaJC, MapKa CTaJId, MapKa U JUAMETP JICKTPOIHOMN MPOBOJIOKH, 3aIlIUTHBIN Ta3,
a TaKXKe PEKOMCH]IIyeMbIe PEXXHMMBI CBapKu. B nampHeiinieM 3Ta nHQOpMAIHs NIPUBOIUTCS B MACIOPTaX HA CBAPCHHbBIC
CTBIKH, TAE TakKe COIep)KaTcs NaHHBIE O HOMEpE CTBhIKA, CEPHITHOM HOMEpE CBApOYHOTO 000pydOBaHWS, (haMumun
CBapIIKa, BpeMEHHU Hadyajla 1 OKOHYAHUS MPOIlecca CBAPKH CTHIKA.

Oco0eHHOCTBIO MOJICIH JIJISl BBITIOJIHEHHUS TTPOTHO3a KauecTBA B XOJ/I€ CBAPKH SIBJISICTCS HEOOXOJUMOCTh CHH-
XPOHHOTO C PeajbHBIM IMPOIIECCOM MPOBEACHHUS PACUCTOB, YTO PEAJM3yeTCs B MUKIIE PEaJbHOTO BPEMEHH C 3aJaHHBIM
[IaroM, OTIPEACIIEMBIM 110 HHEPIIHOHHOCTH CBAPOYHOM BaHHBI. I109TOMY OH JOJDKEH OBITh MEHBIIE TUTEIBHOCTH W3-
MCHCHHS ITyOWHBI KpaTepa Ha MOBEPXHOCTH BAHHBI NPH H3MCHEHUH TOKa Nyrd. MoempoBaHue TePMOAUNHAMHYCCKO-
IO COCTOSTHHS CTBIKa JOJDKHO OCYIIECTBISATHCA HAa Ka)XKIOM IIAare peaylibHOTr0 BPEMEHHOTO ITUKIIA, TaK KaK BaKHOW 0CO-
OEHHOCTBIO AYTOBOW CBapKH, TOMUMO BO3MOXKHOCTH 3arTyOJICHHS TyTH B KpaTep CBAPOYHOI BAHHBI, SBISIETCS M3MEHE-
Hue ee o0beMa. C y4eToM 3TOro, SJHEPreTHYECKU U MacCOBBIH OallaHC JOJDKEH OBITh JOCTHTHYT 32 BpeMsi, HE ITPEBbI-
mraroriee BEIOpaHHBIA mar. [Io TepMoauHaMHYeCKOMY COCTOSHHIO METajlla HECIO0XKHO OINPENeITUTh pa3Mephl CBapoy-
HOW BAaHHBI, TEPMUYECKUN LUK CBAPKH M XUMHYCCKHH COCTAB IIBA, YTO IO3BOJISIET BHITIONHUTH PAcYET KOIHYECTBA
CTPYKTYPHBIX COCTAaBJISIIOIIMX U OLEHUTh MEXaHW4Yeckue cBoicTBa Metaia mBa u 3TB. Kpome Toro, u3BecTHbIMU Me-
Toami [ 14] MOKHO paccUMTaTh HANIPSKCHUS U 1ePOPMALIUU B OKPECTHOCTH CBAPOYHOM BaHHBI.

Taxkune pe€UICHUA MO3BOJIAIOT OLICHUTH HE TOJIBKO BO3MOYXHOCTD MOABJICHUSA TOPAYNX TPCIOHUH, HO U 11O PE3YJIb-

MaIHI/IHOCTpoeHI/Ie 1 MallIMHOBEACHUEC

N
~
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TaTaM pacyeTa KOJIMIeCTBA MapPTEHCHUTA, CKIIOHHOCTH MeTaiua mBa u 3TB K X0I0aHBIM TpermmHaMm.

BcerpanBanue (hU3MKO-MaTEeMaTUYECKONH MOJECIH B KOMITBIOTCPHYIO MPOTPAMMYy MOJIYJIS ONEPATHBHOTO MPO-
THO3HMPOBaHMS MMO3BOJISICT OLICHUBATH BEPOSTHOCTh BO3HUKHOBECHHUS ICEKTOB HETOCPEACTBEHHO B XOJIC CBApKH (puc. 4).

J1s 10CTOBEPHOCTH PE3yIbTaTOB HEOOXOANMO, YTOOBI CKOPOCTh BUPTYaIbHOTO BOCIIPOM3BEACHHUS IpoIecca
Obuta OOJIBIIE €ro peallbHOro TeueHHs. [103TOMY TNIaBHBIM HPEMSITCTBUEM YCICUTHOTO (PYHKIIMOHUPOBAHHS MO
OIEPATUBHOTO MPOTHO3UPOBAHUS SBJISICTCS [UIUTEILHOCTh YMCICHHOTO PEIICHUS YPAaBHCHHI (PH3UKO-MAaTEeMaTHYCCKON
MOJieNr. DTO 0OCTOSATENECTBO BRIHYKAAET YIPOCTUTH KaK caMy MOJZENb, TaK W €€ YHCICHHYIO pear3annio. Y IpoIe-
HHUE MOJICITH MOXKET OBITh JOCTUTHYTO OrpaHMYCHUEM 00J7acTH e€ MpUMEHCHHUs (CICIHATn3aNueii), a TAKKe YMEHBIIIe-
HUEM KOJIMYECTBA M3MEPSCMBIX MAPaMETPOB U OIPEICIIAEMBIX MOKa3aTenel kadectBa. OHAKO, YTOOBI YMEHBIIHUTH TO-
TPEIIHOCTh BHPTYAIBHOTO BOCIIPOM3BEACHUS MPH MOJOOHOM YHPOIIEHHH, HEOOXOAMMO MPOBECTH KOMIUIEKCHBIE HC-

CIICOOBAaHMS IO OUCHKEC BIIMAHUA OTACIBbHBIX CI)aKTOpOB ¥ SIBJICHHUI Ha ITOKa3aTeIn KadecTBa CBApPHBIX COCTMHEHMM.

Mopayab oniepaTHBHOIO
HE;Z;IZ;(;IO IIPOrH03a Ka4YecTBA IIBA
B peKHMa S Y
CBapKH e
i Dusuko-
S MaTeMaTHYecKast
MOJIeTb
o HPOTHO3UPOBAHUS
sEpe X TIpouecc KayecTBa K Cucrema R IpoToxon
pesKiMa »|  CBapKku CThIKa nporiecca | TIPHHATHA .| O pe3ymbTaTax
CBapKH peleHui MIPOTHO3UPOBAHHS
CBapKH ol
M MarucTpaabHBIX L
TpybompoBoaax
Wq
Cpencraa - -t
OLICHKH m
KauecTBa 1 Mp
cOopku e
HOPMAaTHBHBIX
baza JIaHHEIX TpeGoBanmit
0 CBOMCTBAx K KauecTBy
MeTaIa 1By

Puc. 4. Crpykrypa cucteMsl IpOrHO3UPOBAHUS PE3YNIBTATOB IIPOLECCA CBAPKHU:
X — 3a/jaHHbBIE TApaMETPhl CBAPOUHOTO MPOIiecca; S — KOHTPOIUPYEMbIE TapaMeTPhl CBAPOUHOTO TPOIiecca;
S — pe3yNnbTaThl U3MEPEHHS TAPAMETPOB CBAPKU;
M — naHHBIE O TEOMETPHUH, Ka9eCTBE COOPKH U IIPOCTPAHCTBEHHOM ITOJIOXKEHUY CTHIKA;
m — pe3yJabTaThl H3MepeHuit; Mp — naHHble 0 pU3UYECKUX CBOMCTBAaX CBApUBAEMOI0 METAILIaA;
Wq — HOpMaTHBHBIC JaHHBIE O TPEOOBAHUIX K KaUeCTBY CBApHOTO IIIBA;
Sp — 6a3a cpaBHeHus napameTpoB pexxuma; K — nHpopMarmoHHbIi 0TOK;
R — curHain pe3ysbTaToB CONOCTABICHNS Ka4eCTBa IIIBA HOPMAaTHBHBIM TPEOOBaHUSIM

Pa3zymeercs, 9TO CTPYKTypa MHTEIJICKTYaJlbHOTO MOJYJIsS TPOrHO3MPOBAHUSI PE3YJIbTATOB IIpoliecca CBApKH,
€ro mporpamMmmHoe obecrieueHre OyIyT YTOYHCHBI U CKOPPEKTHPOBAHBI IO PE3YJIbTaTaM OMBITHO-IIPOMBINUICHHOTO HC-
MOJIb30BAHUS TIPU ONCPATUBHOM IPOTHO3UPOBAHUU KAYECTBA CBAPHBIX COCIMHCHUI HEMOCPEICTBCHHO MPH BBITIOIHE-
HUUW CBapOYHBIX padoT.

Heo0OxoauMeliii KOMILIEKC paboT IO CO3JJAHUI0 U BHEAPCHHUIO HHTEIUICKTYAILHOT'O MOYJIS OIIEPATUBHOTO MPO-

THO3UPOBAHMS KaUCCTBA CBAPKU U MOCJICAOBATCIbHOCTL UX BBINTOJHCHUS MMPEACTABIICHBI HA PUC. 5.
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1. PazpaboTaTh KOHIEIIHNIO, CTPYKTYPY U HEOOXOAUMOE IIPOrPaMMHOE
obecrieueHNe HHTEIIEKTYalIbHOTO MOy OTIEPATUBHOIO
MIPOrHO3UPOBAHMS KA4ECTBA CBAPHBIX COCAUHEHUI.

2. Co3zmaTh JOCTATOYHO HOJIHYIO JHHAMHYECKYIO (hH3UKO-
MaTeMaTHYECKyI0 MOJIENb ()OPMHUPOBAHHS LIBOB IIPU CBapKe
TpyOomposoia

3. IIpoBepuTh a1eKBaTHOCTH (HPM3HKO-MATEMATHIECKON MOICIIH 110
pe3ynbTaTaM CBapKH TECTOBBIX 00Pa30B M BHECTH HEOOXOJUMBIC
KOPPEKTHPOBKH

4. BBINOJIHHUTE UCCIIEOBAHKE BIMAHKSA TAPAMETPOB PEXKMUMA CBAPKU
Ha obpa3oBaHue 1e()eKTOB M 000OIINTH PE3yIbTaThl B BUAE IPOCTBIX
MAaTEMaTHYECKNX COOTHOIICHHI U 3aBHCHMOCTEH

5. prOCTI/ITL KOMITBIOTEPHYIO MOJCIIBb 1O COM3MEPEHUSA CKOPOCTH
BUPTYAJIbHOT'O BOCIIPOU3BEACHUS IMTPOLIECCA CBAPKHU CO CKOPOCTBIO
NIPOTEKaHUA pEajbHOTO IpoLecca

5. O60CHOBATh M YCTAHOBHTH NPaBUIIa (AITOPUTMBI) IIPUHATHS
pelIeHuii o pe3yIbTaTaM OIePaTUBHOTO IPOTHO3HPOBAHHUS
Ka4ecTBA CBApHBIX COCIMHEHHIT

6. OCyIIeCTBUTH ONBITHO MIPOMBIIIICHHOE BHEIPCHHE
HHTEJIEKTYa bHOTO MOAYJIsl ONIEPATUBHOIO NPOrHO3MPOBAHMUS
Ka4ecTBa CBApHBIX COCAUHEHUH Ha 00BEKTaX CTPOUTENHCTBA
MAarucTpaibHBIX TPyOOIIPOBOIOB

Puc. 5. Conep:xanue u nociaenoBaTeIbHOCTs paboT IO CO3AAHUIO U BHEAPEHUIO HHTEIIEKTYaIbHOTO MOIYIIS
OIepaTUBHOIO MPOrHO3UPOBAHUS KauecTBa CBApKU

Jist TMarHOCTUPOBAHUSI TEXHMYECKOTO COCTOSIHHSL MarCTPANIBHBIX TPYOOIPOBOIOB HEOOXOAUMO COOPATh BCIO
JIOCTYITHYIO HHpopMaIuio 00 o0bekTe. J[msa aToro napopManms o MPOrHO3UPOBAHUIO Ka4eCTBa CBAPHBIX COSTMHEHUH
JIOJDKHA TIOCTYNATh B CUCTEMY YIPaBJICHHUS Ka4eCTBOM TPyOOIpPOBOAOB 00JIee BBICOKOTO YPOBHS, HAIPUMED, B CUCTEMY
KOMIUIEKCHOTO JMarHOCTHYECKOT0 MOHUTOPHHTIA JIMHEHHOW 9acTH MarucTpajbHBIX Ta30npoBojoB [15], mubo B cucte-
My aHanm3a MHGOPMAaIMUd O COCTOSHHM 3JIEMEHTOB HedrenpoBonoB [16, 17]. CTponuTenbHBIM OpraHM3alMsAM BaXKHA
nHpopmanus He TOIBKO O JedeKTax CBapHBIX COSAMHEHUH, HO M O IPUYMHAX UX BO3HUKHOBeHUs. [loaTomy mHbopma-
IIMsI OTIEPATHBHOTO ITPOTHOZNPOBAHMS KaUeCTBAa CBAPHBIX COEIMHEHUH JOJDKHA aHAIM3UPOBATHCS CTPOUTEIBLHBIMH Op-
TaHU3alUsIMH C LENIbI0 BEIPAaOOTKH NMPOQHIAKTHYECKHMX MEp MO COBEPILICHCTBOBAHMIO OPraHW3allMd W BBIIOJIHEHUIO
cBapovHBIX paboT. Takoi aHAaMN3 11e1eco00pa3HO OCYMIECTBIATh B CTAI[MOHAPHBIX YCIOBHAX, C BKIIOYEHHEM B CTPYK-
Typy MOJyJISl IPOTHO3UPOBAHUS 00jiee MOJTHON KOMIBIOTEPHONH MOAENH CBApOYHOTO IIpoIiecca M HAKOMUTENI HHOOP-
Mallii C COOTBETCTBYIOIIUMH (prnbTpamu. OJHAKO U ITOT MOJIXOJ HYXKJIAETCS B IOTIOJIHUTEIFHOM UCCIICIOBAaHUH 3HA-
YUMOCTH OTJAENBHBIX ()aKTOPOB U SIBJICHUI Ha MOKa3aTelH KauecTBa. TOJBKO TOrna MH(POPMAIMs ONEePaTUBHOTO MPO-
THO3MPOBAHMS KayecTBa CBAPHBIX COCAMHEHHH CTaHET M0 HacTosAueMy 3()(EeKTHBHBIM HHCTPYMEHTOM HNPUHSATHS PO-
(UITAKTHYIECKUX MEp MO TPEIYNPEXICHUIO U YCTPAaHEHHUIO IPUYUH Opaka.

BrIBOABI

1. Ipeanoxen MeToa 0OpabOTKK JaHHBIX MOHUTOPHHIA MPOIECCa CBAPKU C UCIOJIB30BAHUEM JICTCPMUHHUPO-
BaHHOW (DM3MKO-MAaTEMAaTUICCKON MOJICIH, 00SCIICYMBAOIICH JOCTATOYHO TOYHBINA MPOTHO3 KAYSCTBA CBAPHBIX COC/IH-
HEHUI HEMOCPEACTBEHHO B XOJI€ CBAPKH, HA OCHOBE B3aUMOCBSI3EH MEXAy MapaMeTpaMu pPeKuMa U HOPMUPYEMBIMHU
MMOKa3aTeIIMU KaueCTBa COCTMHCHHUIA.

2. OnepaTUBHOE MPOTHO3UPOBAHNE 00ECIIEYNBAET CTIICIIMATLHBIA HHTEIUICKTYAIbHBIH MOIYJb, B TIPOTPaMMHOE
obecriedeHre KOTOPOTO BXOJIUT KOMITBIOTEpHAs TIporpaMMa peaau3aui GU3NKO-MaTeMaTHIecKO MOJIENI OTepaTHB-
HOTO TIPOTHO3UPOBAaHNE Ka4eCTBA CBAPHBIX COCTUHEHU.

3. Tak Kak TJIaBHBIM TPEMSTCTBHEM HCIIOIB30BAHMS MPEIIOKEHHOTO METOAa ONepaTUBHOW 00pabOTKH JaH-
HBIX SIBIISIFOTCS BBICOKHE TPEOOBAHMS K CKOPOCTH PCIICHUS YPAaBHCHHUU MOJEIH, TO U 00CCIICYCHUS BEICOKOW CKOPO-
CTU BUPTYaJIbHOI'O BOCIIPOM3BEACHUS MPOLIECCA CBAPKU IMpeAaraeTcsi MpoBECTH KOMIUIEKCHbIE UCCIIEIOBAaHUSI 3HAYU-
MOCTH OTJCIBHBIX (PAKTOPOB M SBJICHUI Ha IMOKA3aTCNIM KA4eCTBA. DTH COOOpaKCHUsSI ONPEACIHIN COJACPKAHUC U TI0-
CJIeJIOBATEIILHOCTh PAbOT MO CO3[AHHI0 M BHEJPCHUIO WHTEIUICKTYaIbHOTO MOJIYJISI ONEPATHBHOTO MPOTHO3HPOBAHUS
KauecTBa CBapKH.
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