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ANALYSIS OF PIPELINE ELEMENT LIMIT STATE AT WELDING SURFACING
OF LOCAL THINNING DEFECT

Ha ocnose cospemennvix npedcmasienull 0 3apoicOeHun u pa3eumuu papyulenus Mamepuaios npu céapke pazpabo-
man KOMNJIEKC MAmemMamudeckux mooejeu csapormoﬁ Hanuaeku aeqbekmoe JIOKAIbHOLL nomepu memainia 6 pamKax pemonm-
HO-60CCMAHOBUNETIbHbBIX pa60m HA macucmpailbHblx mpy6onpoeodax noo oasnenuem. Ha npumepe HanjiaeKu munudHo2o
Odeghexma ymonyenus cmeHku mpyoonposooa npooeMoHCMpPUPOSAHO GIUAHUE OCHOBHBIX NAPAMEMPOS PEMOHMA HA MEXHO-
J102UYeCKyr0 nNPpOYHOCMb KOHCMPYKYUOHHO20 dllemenma u 3¢¢€Kmu6}-l00mb B80CCMAHOBIEHUA eco Hecymeﬁ cnocobrocmu.

Knrouesvie cnosa: mazucmpanvuviti mpybonposoo, pemMonm 6e3 ébi600a U3 IKCRIYAmayuu, Haniaeka degexma ymon-
YEeHUA, onmumuzayust, mamemamuieckoe Modeﬂupoeaﬂue.

Ha ocnosi cyuachux ysenenvb npo 3apoodicentsi ma po3sumox pyuHy8anHs Mmamepianie nio 4ac 36aploéants po3pooieHO
KOMNIEKC MAmMeMamudHux mooeet 36A4PI0BAIILHOCO HANIAGIEHHA deqbekmig JIOKAILHOT empamu memaiy 6 mexcax pemMonnt-
HO-8I0HOBIIOBANLHUX POOIM HA MALICMPATLHUX MPYOOonposodax nio muckom. Ha npuxnadi nannasnenus munogoco oegexmy
CMOHWIEeHHSI CMIHKU MPYOONPO800Yy NPOOeMOHCINPOBAHO GNIUE OCHOBHUX NAPAMEMPI6 PEMOHMY HA MEXHOI0SIYHY MIYHICb
KOHCMPYKYIUHO20 eleMeHma ma eqheKmugHicme 8I0HOGIEHHS 11020 Hecy4oi 30amHocmi.

Knrouosi cnosa: mazicmpanvruii mpyoonpogio, pemonm 6e3 6usedeHHst 3 eKCHIYyamayii, HanlagleHHs 0e@eKkmy CmoH-
WEeHHA, onmu,wis'auiﬂ, Mamemamudne MoOenO6aANHsL.

On the basis of up-to-date conceptions of nucleation and development of material fracture at welding the complex of math-
ematical models of deposit welding of local metal loss within the limits of repair operations on pressurized main pipelines, has
been developed. Exemplified with deposit welding of typical pipeline wall thinning defect, the influence of main repair parame-
ters on the construction unit technological strength and effectiveness of its bearing capacity renewal, has been shown.

Key words: main pipeline, in-service repair, deposit welding of local metal loss, optimization, mathematical modeling.

BBenenne. Obecrieuenne OecrniepeOoiHON pabOThl MarucTpalbHBIX TpyOonpoBooB (MT)
COMPSDKEHO ¢ HEOOXOMMOCTBIO PETYIISIPHOTO MPOBEACHHS MPOLIETYP TEXHHISCKON TUArHOCTHKH
(haKTUUECKOTO0 COCTOSHUSI KOHCTPYKLUHMH M COOTBETCTBYIOIIMX PEMOHTHO-BOCCTAHOBHUTEIIBHBIX
paboT. B WacTHOCTH, OJTHMM W3 CaMbIX PacHpPOCTPAHEHHBIX SKCILTYTAIMOHHBIX MOBPEXKIICHUI
MT sBrnsttorcst AeeKThI JTOKATbHON MOTEpH MeTalla, KOTOphIe MPU CYLIECTBEHHOM pPa3BUTHH
KOPPO3HOHHBIX TIPOIIECCOB MOTYT BBI3BATh 3HAUMTEIHLHOE CHIDKEHHE HECYIIeH CIOCOOHOCTH
KOHCTpYKIMHU. Vcrionb30BaHue ISl YCTpaHEHHs TaKoro poja Ae(eKTOB CBApOYHOM HarlIaBKU
MIO3BOJISIET MTPOU3BOIUTH peMOHT MT Ge3 BBIBO/IA €T0 U3 AKCILTyaTallH, YTO, HapsTy ¢ SKOHOMH-
YECKMMH M 3KOJIOTHYECKUMHU MPEHMYIIECTBAMH, UMEET XapakTepHble cioxHocTH. K mocnennum
CIIelyeT OTHECTH HEOOXOJMMOCTh TapaHTHPOBAaHHS BBHICOKOTO YPOBHSI O€30IIaCHOCTH TpOBEJIe-
HHS CBApOYHBIX PabOT, YTO MPEIATCTBYET MIMPOKOMY BHEAPEHHUIO TAKOTO POJa TEXHOJIOrHYec-
KHX MIOJIXOJIOB B KOMILIEKCE IpoLieAyp Hoaaepxanusi padorocnocooHoctu MT.
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Cpenu cyniecTBYIOIIUX KPUTEPHEB ONTHMM3ALMN CBAPOYHBIX MPOIECCOB MPH HAIJIABKE
nedexroB MT mox naBneHneM MOXKHO BBIICIUTH JIBa OCHOBHBIX ITOJIX0/1a: 0OecneyeHne npo-
rpeBaHysl BHYTPEHHEH MOBEPXHOCTH TPYOBbI HE BBINIE KPUTHUECKOW Temmeparypbl 7,=720—
980 "C u rapaHTHPOBAHHE OTCYTCTBHS CYIIECTBEHHOTO M30BITOYHOTO BEITYUYMBAHUS CTCHKU B
npoiiecce JokanpHoro Harpesa dr,<1 mm [1]. O6a 3TH moaX0/aa ABJISIOTCS JOCTATOYHO KOH-
CEpBAaTUBHBIMH, HO HE YUHUTBIBAIOT PsAJ BaKHBIX ITAPAMETPOB PEMOHTA, TPEOYIOIMX ONTHMH-
3allMU U TO3BOJIIONIMX MaKCUMAJIBHO A(P(PEKTHBHO HMCIOIB30BATH NMPEHMYILECTBA PEMOHTA
MT 6e3 BbIBOAA W3 FKCILTyaTanuu. B pamkax Hacrosmeld pabOTHl HA OCHOBE COBPEMEHHBIX
METOZ0B MaTEMaTHYeCKOr0 MOCTUPOBAHMS DPEaTM30BaHBl MOJXOJAbl YHCICHHOTO aHAJIN3a
IPEIEIBHOTO COCTOSIHUSL TPYOOITPOBOJHOTO JIEMEHTa IO BHYTPEHHHUM IaBICHUEM B IIPO-
[IeCCe MHOTONPOXOTHON HAIUIaBKH TPEXMEPHOTO MOBEPXHOCTHOTO JAe(eKTa, a TaKxke Mpe-
JI0>KEHBI KPUTEPHUH JJISI ONITUMH3ALIUH [TAPAaMETPOB 3TOT0 TEXHOJIOTHYECKOTO MPOoIIecca.

MartemMaTH4eckasi Mo/Je/Ib MPoIecca CBAPOYHON HANJIABKU NMOBEPXHOCTHOIO Jedex-
Ta YTOHYEHHsl CTEHKH TpyoOompoBoaa. /Iy yuéra cienu(uKu IpoueccoB, ONMpeesOIInX
0€3011aCHOCTh TPOBENICHHSI CBAPOYHBIX PAa0OT MpH HAIUIaBKe Ae(eKTa yTOHYEHHUS Ha MOBEPX-
HOCTH TPYOOIIPOBOA, HAXOSIIETOCS IO BHYTPEHHUM JaBJICHUEM, HEOOX0AMMa pearn3alus
KOMILJIEKCAa MaTeMaTHYECKUX MOJIEJCH, MO3BOJSIONINX ONUCAaTh KUHETUKY TEMIIEPaTypHOToO,
HaNpspKEHHO-1e(OPMUPOBAHHOTO W TMOBPEKAEHHOTO COCTOSHUS METala KOHCTPYKIIHH.
KiroueBbIM acleKTOM TaKoTO YMCIECHHOTO HMCCIIEOBAHUS SIBISCTCS aHAIW3 (OPMHUPOBAHUS
IPEIEIBHOTO COCTOSIHUSI MaTepHana KOHCTPYKIIMH COTIAaCHO OOOCHOBAHHBIM KPHTEPUSAM IS
ONITUMH3AIMH TEXHOJOTHYECKUX MapaMeTPOB PEMOHTHBIX padoT.

MopenupoBaHue CBapOYHOW HAIUIABKU IPOU3BOIMIIOCH IYTEM COBMECTHOTO PEIICHHUS
IPOCTPAHCTBEHHOMN 3a/laud TEIUIONPOBOJHOCTH M KPAaeBOM 3aJauydl HECTAllMOHAPHON TEpMO-
IUITACTUYHOCTH, KOTOPOE IO3BOJIET MPOCIECKUBATH KUHETHUKY TEMIEpPATypHOTO IO IpU
CBapOYHOM HArpeBe W pa3BHTHE YIPYro-IIacTUYECKUX aedopManuii ¢ MOMEHTa HaJyajia Ha-
IUIaBKU BIUIOTH JI0 OCTAaTOYHOI'O COCTOSIHMS IIOCINIE TIOJIHOTO OCTBIBaHUS KOHCTPYKUUH [2].
[Tpu BBICOKMX TeMIlepaTypax M B OTCYTCTBHE OCTPBIX T€OMETPHUECKUX KOHIIEHTPATOPOB OC-
HOBHBIM MEXaHH3MOM 3apO’KACHUS HECIUIOIIHOCTH MaTepHaja KOHCTPYKLHHU SIBISETCS BS3-
KO€ pa3pylleHHe, KOTOpOe 3aKIIF0YaeTcsi B 3apOKICHUN M PAa3BUTHH MHUKpPOIIOpP MaTephalia
IpY MHTEHCHBHOM IIJIACTUYECKOM TEUEHUH U TOocieayroueM (GopMHUPOBAaHUU Makpojaedek-
TOB. VI3MeHeHNe HeCyIero HEeTTO-CEYEeHUs MeTajula NPU BHEIIHWX Harpys3kax, OJM3KHX K
npeenbHbIM, HEOOXOAUMO JIOMOJHUTEIBHO YUUTHIBATh MPU (POPMYIUPOBKE 3a7ayll HECTa-
[IMOHAPHOW TEPMOIUTACTHYHOCTH, YTO B HACTOSIIEH paboTe OBIJIO peaTi30BaHO MOCPEICTBOM
UCIIOJIb30BaHUS KPUTEPUS TEKy4eCcTH coriacHo Monenu I'ypcona-Tsepraapaa-Humnmana [3]
U JIOTIOJTHUTEIILHBIM KOMITOHEHTOM B CYMMAapHBIX pacuéTHBIX nedopmanusx [4]:

1 . 2

3.0,
‘P:E,ecnﬂo-i<0's:0}- 1+ q,-f

m

_2q1 f*.cosh q22—

Ot
\I—’>ﬁ,ecm/lai =0,

rae ¥ — yHkuMs cocTossHUS MaTepuaina, onpeaenseMas UTEPUPOBaHUEM JIJISl yIOBJIETBOpE-
HUS YCJIOBUS IUIACTHYECKOro TeueHus; G — MOJynb CABHra; gi — HHTEHCUBHOCTh HampsiKe-
HHUIA; 0,y — MEMOpaHHbIC HaNpsDKeHUs1; f* — SKBUBaIeHTHAs 00BEMHAS KOHIICHTPAIUS TI0P BSI3-
KOT'O Pa3pyLIECHUs ¢ y4ETOM UX B3auMoencTus [3].

VYcnoBue 3apoKIACHUS TIOP BSI3KOTO paspyiieHns 00bEMHON KOHIIeHTpanuu f B HenzoTep-
MHUYECKOM CIIy4ae ¢ Y4ETOM XMMHUYECKOM HEOJHOPOJHOCTH KOHCTPYKLIMOHHOIO MaTepuaia
MOJKET OBbITh C(OPMYIUPOBAHO, UCXOs U3 popmynbl DpaHKINHA U KPUTUYECKOTO 3HAYCHUS
napamerpa OJKBUCTA K, CIEAYIOUIMM oOpa3oM [4]:
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dx
Onpu y, = Jﬁ<aAK’

c

f=
0,001
0,054-| S %——— (npu 7. >, ,
M % PH 7, = Xp¢
B
or—o; T
e kK, I — K, -exp — B — KPHMTHYECKOE 3HaueHue napamerpa OIKBHUCTA;

or— npeen Tekydectu metaia; [S]%, [Mn]% — npolieHTHOe cofepKaHue cephbl U MapraHia
B CTaJIi, COOTBETCTBEHHO; 0x=0,0+1,0 — K03 dULIUEeHT, XapaKTePU3YIOIUA OTHOCUTEIHLHOE
CHI)KCHHE MTPOYHOCTH METallIa B 00JIACTH MOBEPXHOCTH KOHTAKTa HEMETAJUIMYECKUX BKITIO-
YEHUW ¢ METAJUTMYECKOW MaTpuIieil; 7 — TeMIiepaTypa B pacCMaTpuBaeMoOM 00JaCTH KOHCTPY-
KIIUH; K0, B, / — KOHCTAHTEHI.

PocT nop Bsi3kOro paspyiieHus: Ipu miacTHUYecKoM JAeOopMUPOBAHUN METallIa KOJIUYECT-
BEHHO OMUCKIBaeTCs 3akoHoM Paiica-Tpeticu [5]:

df = f-K,-exp| K,- 22 |ds”,

rIe gi” — UHTEHCHUBHOCTbD IJIAaCTHYECKUX aedopmannii; Ki, Ko — KOHCTaHTBHI.

Takum 00paszoM, ycrioBue HapylieHHs LeJI0cTHOCTU cTeHkH MT mpu cBapodHOil Haruas-
K€ 10 MEXaHU3MY IUIACTUYECKONW HEYCTOMYMBOCTH HECIUIOIIHOTO Marepuajga MOXKET OBITh
MaTeMaTUYECKU BBIPAXKEHO CIEeIYIOIMUM 0bpa3zom [4]:

1 & —K & — K
V-—— > R ) (1)
2G )wp 150, 150, x,T

e K — mapamerp OJKBHCTA HA MPEABIAYIIEM IIare IPOCIeKHBaHus TehOpMarmit; & — mpe-
nenpHas aedopmarus metamia [3].

Kpome Toro, 3HaunTensHOE pa3BUTHE MOPUCTOCTH MaTepHalia Mo BS3KOMY MEXaHU3MY
BBI3BIBACT CYHICCTBCHHOC YBCIMUYCHUC MCTUHHBIX HaHpﬂ)KeHI/II\/'I B MCTAIJIC KOHCTPYKIHU U,
KaK pe3ynbTaT, e€ pa3pylleHne; Mo3TOMY C IeNbl0 (YOPMYIUPOBKH YAOOHOTO AJIsI YUCIEHHO-
ro aHaJn3a KpUTEpUsS MOXKET ObITh J00aBIIEHO MOMOJHUTENbHOE K (1) ciemyroiee ycioBue
HEJOMYCTUMOTO COCTOSIHHS MeTasla:

1+ q,- " “—2.q,- f"-cosh qz-z'

In | 0. )
O7

Hcnonb3oBanue uyncneHHoro kpurepus (1)—(2) B paMkax KOHEYHO-3JIEMEHTHOTO PELICHUS
COBMECTHOH 3a/1a4l HEU30TEPMHUUYECKON TEPMOIUIACTHYHOCTH M PAa3BUTHUS BS3KOTO pa3pyllie-
HUS TI03BOJISIET IPOTHO3UPOBATH MOSIBIIEHUE YYaCTKOB KOHCTPYKIIMHU C HEJOIYCTUMON CKIIOH-
HOCTBIO K IJIaCTHMYECKO HeycToWuuBocTH. Kpome TOro, JOMOMHUTEIHHO HEOOXOIUMO yUH-
TBIBaTh TOT ()aKT, 4TO B 00JACTH JedeKTa YTOHYEHHUS IOCIEe €ro YCTPAaHEHHUs MOCPEICTBOM
CBapOYHOI HATUIABKH IIPH PEKUMaX C CYIIECTBEHHBIM TETIJIOBJIOKEHHUEM, B pe3yJIbTaTe N30bI-
TOYHOT'O PaJHaIbHOTO JeOopMHUpOBaHUs TPYOB! dlmax MOXKET chopmupoBaTbes aedekt pop-
MBI, CHIKAFOIIIUH MIPOYHOCTH TPYOOTIPOBO/IA.

PesyabTaTrsl U 06cy:xkaeHue. lcrnonb3oBaHuEe NaHHOIO MOJIXOAA IO3BOJISET OLEHHUTH
BIIMSIHAE Ha TEXHOJIOTHYECKYI0 TpouHocTh MT mpwm HaruraBke nedekra TakuxX IapameTpos,
KaK MOIIHOCTh CBAPOYHOI'O MCTOYHUKA, BHYTpPEHHEE JaBlieHHE MPHU peMOHTe Py, MUHUMAIb-
Hasl TeMIIepaTypa OCTHIBAHUS METAJlIa IOCIIE HAIOKEHUS BAIUKOB Tpin. B KadecTBe mpumMepa
ObUT pacCMOTpPEH TUMHMYHBIN JePEeKT KOPpO3UOHHOTO yToHUYeHus 25-a=70-10 MM Ha BHeUIHEH
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noBepxHocTH TpybomnpoBoaa D-+=1420-20 mm (puc. 1, a) u3 cranmu 17T'1C ¢ MakCUMaJIbHBIM
AKCIUTyaTallMOHHbIM JaBiieHreM P=7 MIla. Temneparypa npeaBapuTeIbHOrO MOI0rpeBa Me-
CTa HAIUIaBKU JUIA NPEJOTBPALICHHs IOSABIEHUS XONOIHBIX TpeiuH 7,,=100 C. [Topsimok
HaJIO’KCHUSI BAJIMKOB MIPUBEACH Ha puc. 1, 6.

=

a 0

Puc. 1. Cxema degpexma ymornuenus cmenku mpyo6onpogooa (a) u nopsaooK HAL0HCEHUS 8ATUKOS8
npu céapounol nannaeke ()

Pacuér kuHeTHKN HanpspKEHHO-1€()OPMUPOBAHHOIO COCTOSIHUS KOHCTPYKIIMU B IIpOLECCE
CBapO‘IHOI‘/‘I MHOFOHpOXOI[HOﬁ HaIlJTaBKU TIO3BOJIMJI MPOCJICAUTL COCTOAHUC KOHCTPYKIHNU
BIIJIOTHh OO0 OCTAaTOYHOI'O COCTOSHMUA. PaCHpeIICHeHI/IC HaprDKGHI/Iﬁ IMOCJIC pCMOHTA B obOactu
HAIUIaBJIEHHOTO Jle()eKTa OTINYAETCS CYLIECTBEHHOM HEOJHOPOAHOCTHIO (puUC. 2), uTo 00yc-
JIOBJICHO, TPEXJIE BCETO, MOATAITHBIM aCCHMETPUYHBIM U3MEHEHHEM NPOGWIs KOHCTPYKIHU
IIPpHU HAJIOXKCHHUH KAXKI0I'0 U3 BAJIMKOB.

7 v
wm 730,0
| EHU,S

L7105

T T T T T T
4418 461,83 431,83 501,8 521,8 541,8 561,8 691,9
Sg MIla
-100 0 100 200 300 400 $00

[ — T T T
79,5 4004 421,8
z, MM

Puc. 2. Pacnpedenenue ocmamoynblx maH2eHyualbHolX Hanpsjicenutl oz 6 odnacmu deghekma ymonuenus
CMEHKU MasucmpaibHo2o mpy60np0600a nocie ceapotmoﬁ HanuiaeKku

Ouenka npenensHoro cocrosHust MT npu HaruiaBke coriacHo pa3pabOTaHHOM METOJMKE Io-
Ka3ajia MEHBIIIYI0 KOHCEPBATUBHOCTb B CPABHEHUH C CYILECTBYIOIIMMHU MOAXOAaMH. Tak, COOTHO-
[IEHUE MEXIY MaKCUMAJIbHBIM BBITYYUBAHUEM CTEHKUA dlmax ¥ MAKCHUMAILHOW TeMIepaTypoun
BHYTPEHHEW MOBEPXHOCTH T maxin TPY HAJIOXKEHUH LIEHTPAILHOTO BaJMKa (puc. 3, @) Ui JOMYCTH-
MBIX COTJIACHO PEKOMEHIOBAaHHBIM PEKUMaM CBApOYHBIX TOKOB | ¥ BHYTpEeHHUX JIaBiieHui Py ymo-
BJIETBOPSIET BCE KPUTEPUU JOITYCTUMOCTHU. boJbIias MOLTHOCTh CBAPOYHOI'O HATPEBA U BHYTPEHHEE
JIABJICHHUE BBI3BIBAIOT HEJIOMYCTUMBIN TIEPErPEeB BHYTPEHHEH MOBEPXHOCTH U M3OBITOUHYIO e op-
manuto cteHku MT (puc. 3, 6), HO TIpy 3TOM YCIIOBHUE TiacTU4decKor HeycroiunBocTH (1)—+2) He
BBITIOJTHACTCS. JTO OOBSICHACTCS TeM, 4TO P, He sIBIsIeTCs MapaMeTpoM ONTUMHU3AIMU COTJIACHO
KPUTEPHIO OLICHKH 7, MOITOMY JIMAIa30H JAaBJICHUI BEIOpaH MaKCUMAaIbHO KOHCEPBATUBHO.

Timax in .
max in
1050
550 /A\ l/ \
350
7 Y
50 /
250 / 450 ‘4\%
25?1‘.3 1:5 ' 1:7 ' 1:9 Aina 25?5.1 53 55 57 59 6,1 drn,;x
a o

Puc. 3. 3asucumocmu uzbvimounozo paouanvrozo nepemewjerusi cmenku MT drpa, om maxcumanvHou
memnepamypbl GHympenneti no6epxHocmu Tmay in NPU HANIABKE 6ANUKA HA 0eheKm YMOHUeHUs:
(a) —1=100 A, P,=4 MIla; (6) — 1=150 A, P,=7 MIla
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Brimonnenue kputepus (1)—(2) Bo3MOXHO MpH U30BITOUHOM IIEpErpeBe B 00JIACTH CBap-
KH, T. €. IPH YpEe3MEPHO BBICOKOI Temrieparype Tmin. Eciu netns nedopmaruii B Temrepary-
PHOM IIMKJIE TIPU HAJIOKEHHU BAJMKOB HEJIOCTATOYHA JUISl 3HAYUTEIILHOTO CHIDKEHUS JIeop-
MalMii BBITYYUBAHHS, 3TO MOXET BbI3BaTh JHOO CHIDKeHHEe Kod(dduumentra 3amaca n
IPOYHOCTH TPYOONPOBOJA B pe3yabTaTe HEOJArONPUATHOTO OCTATOYHOTO Je(OPMHUPOBAHHO-
ro COCTOSIHHS B oOnacTu HariaBku (nedexra Gopmel), MO0 MIACTHYECKYH0 HEYCTOMYHBOCTD
U pa3pylieHrue CTEHKH TpyOOIrpoBo/ia B Ipoiiecce peMoHTa (Tadi.).

Tabnuna
Bausnue nekomopwix mexnHono2uueckux napamempos HaniasKu
Ha npeodeivHoe U OCMAMOYHOe COCMOAHUS MPYOONPosood
Ne MuHuManbHas TeMIeparypa CHusKeHue N B pe3ynbTare
Pr, MIla I, A o
pexuMa OCTBIBAHHS T min, 'C obOpazoBanms nedexra GopMbl

1 4 100 300 1-2,227/2,254=0,012

2 4 100 500 1-2,213/2,254=0,018

3 7 100 300 1-2,137/2,254=0,052

4 7 150 300 1-2,077/2,254=0,079

5 7 150 500 paspyluieHne

Ha puc. 4 npuBeznena apynapamerpuueckas |-P-auarpamma npenenbHOro coctosiHus y4a-
ctka MT ¢ paccmaTpuBaeMbIM A€(EKTOM B 3aBUCHUMOCTH OT BHYTPEHHETO JaBJIeHUs B TPyOO-
IPOBOJIE IIPU PEMOHTE U CBAPOYHOI'O TOKA IPU HAILJIABKE paccMaTrpuBaemoro nedekra. U3
9TON AMAarpaMMbl BUJIHO, YTO UCHOJb30BaHue kputepus (1)—(2) ¢ yuérom BO3MOXKHOU HEHO-
IMYCTUMOCTH OCTATOYHOIO /1e(hOpMUPOBAHUS CTEHKH TPYObl B 001aCTH HAIUIABKU C MO3HULIUU
CHIDKEHHSI €€ HeCcylel CrIoCOOHOCTH SIBIISIETCS] HanOOoJIee PalliOHAIBHBIM: TIPH OTHOCUTEIHHO
HEOOJIBIIIOM TEIJIOBJIOKEHUH M 3HAUUTEIbHOM BHYTPEHHEM JIaBJICHUU W30BITOYHOE pajiuaiib-
Hoe 1e(OpMHUPOBAHHE OKa3bIBAET OOJIbIIIEE BIUSHAE HA OCTATOYHOE COCTOSHUE KOHCTPYKIINU
B CPaBHEHHHM C IIPOIIECCAaMU BSI3KOTO pa3pylIeHus, TOra Kak NPy YBEIMUYECHUHU MOILITHOCTH HC-
TOYHHKA HarpeBa IJIacTHYecKas HEyCTOMUMBOCTh METalsla KOHCTPYKIIMH SIBJIsieTCSl Hanboee
Ba)XXHBIM (hakTOpOM, OHpe,I[eJ'ISIIOH_InI/IM IIPEEIbHOE COCTOSTHUE KOHCTPYKIIMH.
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Puc. 4. I-P-ouaepamma npedenvroco cocmosanus yuacmka MT npu Haniaeke deghexma:
1 — no ycnosuro naacmuueckoil Heycmouuugocmu; 2 — no OCMAmMoOYHOMY COCIMOAHUIO
BriBOabI
1. HOCTpO@HI)I MAaTeMaTH4YCCKHUE MOJCIIN U KOMINJIECKC CPEACTB KOMIIBIOTEPHOI0O MOACINPOBA-
HUS KHHETHUKU TI0JIel TeMIiepaTyp, AedopMaruii, HanpsKeHUH P MHOTOITPOXO/IHON CBapOYHOM
HaruiaBke jaedekra JIokabHOro yroHueHus: creHKu MT npu pemonTe mox paBinerueM. [Ipemnso-
JKCHBI KPUTCPUHN NPCACIILHOIO COCTOSIHUA pr6onp0Bo;[a IIpHU HAIlJIaBKE, OCHOBAHHBIC Ha YCJIO-
BUSIX TUTACTHYECKON HEYCTOWYMBOCTH METAJUIa M M30BITOYHOM J1e()OPMUPOBAHUHN CTEHKH TPYOBI
B YCJIOBHAX COBMCCTHOI'O TEMIICPATYPHO-CHUIIOBOI'O BO3,Z[CI>1CTBPI§I Ha 00J1aCTb IIC(bCKTa.
2. IlokaszaHo, 9TO CYIIECTBYIONINE KPUTEPUU ONTHMHU3aIuu peMoHTa MT cBapouHOil Ha-
IUIaBKOH 0OBEKTUBHO OO0JjIee KOHCCPBATHUBHBI B CPABHCHUU C NPCJIOKCHHBIM MOAXOA0M, T. K.
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HE pacCMaTpUBAIOT P BaXKHBIX TEXHOJIOTHUYECKUX IMAPAMETPOB, TAKUX KAaK BHYTPECHHEE JIaB-
JeHue B TpyOONpoBOJE IMPH PEMOHTE, CTENEHb OCThIBaHHS 00JacTH AedexTa B mpoiiecce
MHOTOIIPOXOJHOM HAIUIaBKH, MIAPAMETPBI MPEAEIBHOIO COCTOSIHUSA MaTepUaia KOHCTPYKLIHH.

3. Ha mpumepe tunuuHoro nedekra yTOHYeHHsI CTEHKU TPYOOIpoOBOAa MPOAEMOHCTPUPO-
BaHbI XapaKTEPHBIE OCOOCHHOCTH NPEEIBHOTO COCTOSHUS KOHCTPYKIIMUA U TEXHOJIOTHYECKUE
napaMeTpbl, JOMYCTUMbIE C TOYKU 3pEHHs O€30IMacCHOCTH U KaueCcTBa PEMOHTA HarlJIaBKOW Ha
MT non paBnenuem. I[lokasaHo, 4TO BappUpOBaHUE CBAPOYHOTO TOKA U BHYTPEHHETO JaBJIe-
HUS TpU HalJIaBKe M3MEHSIET XapakKTep IMpeneibHOro COCTOSHUS, 4To sBJseTcs 3(hdeKTHB-
HBIM HMHCTPYMEHTOM ONTHMHU3AIMHA PEMOHTHO-BOCCTAHOBUTEIIBHBIX pa0OT KakK ¢ mo3ummu Oe-
30[IaCHOCTU CBapku Ha pneWctByromeM MT, Tak u ¢ TOYKM 3peHUs TapaHTHUPOBAHUS
HE00X0IMMOT0 OCTaTOYHOTO pecypca TpyOOompoBoa Mocjae peMOHTA.
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