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PEMOHT OE®EKTA YTOHEHUA CTEHKU TPYBbI
C NO3nNUnnN BE3OINMACHOCTU BbINOJIHEHUA CBAPOYHbLIX PABOT
HA MATUCTPAJIbHOM rA30MNMPOBOE
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Po3spobreno pospaxynkogy memoouxy 6UHAUEeHHs KDUMUYHUX JIHIUHUX PO3MIPI6 CIMOHUIEHHS CMIHKU mpyou
MaA2IiCmpanbHo20 2a30nP0o800Y 8 NOB3008ICHLOMY ma Kilbyesomy Hanpsmkax. Ha nidcmaei ompumanux pospaxym-
KOBUX pe3ynbmamis nooy0oeano diacpamu KpUMuYHUX JiHIUHUX PO3MIpie Oehexmis, sAKi 0aromsy 3M02y GUHAYUMU
MAKCUMATLHO OONYCIMUMULL PIGEHb MUCKY 8 2A30NPO600i 01 2APAHMOBAH020 3a0e3neyeHtss yM08 Oe3neuHo20 Gu-
KOHAHMSL PEMOHMHUX POOIM 3 BUKOPUCMAHHAM 0Y208020 36apIoSaHHs. 3 MOUKU 30pY 30epedtCeH s PedCUMy eKCHILy-
amayii 2a30npo6ody Ha Yac peMOHmMY 3anPONOHOBAHO HOBY MEXHIKY 3a6apI06aHHs 0edheKny .

Kiro4oBi ciioBa: MaricTpajdbHHUN Ta30TPOBIiJ, PEMOHT, AYTOBE 3BapIOBAHHs, CTOHIIICHHS CTiIHKA TpyOH, Oe3meka.

Paspabomana pacuemmnaa memoouxa onpedeneHus KpumuiecKux JUHENHbIX pa3mMepo8 VMOHEeHUs CMeHKU
Mmpyosbl MAUCPATLHO20 2A30NPOBOOA 8 NPOOOILHOM U OKPYHCHOM HanpasieHusax. Ha ocnosanuu nonyuennwix pa-
CUEMHBIX pPe3yIbmamos NOCHPOeHbl OUAsPAMMbL KPUMUYECKUX JTUHEHbIX Pa3Mepos 0egheKkmos, Komopbie no36o-
JAI0M onpedenums MakCUMAIbHO OORYCIUMBLIL YPOBeHb 0ABNeHUsl 8 2A30NP06oIe OJisl 2apanmuposanto2o obecne-
YeHUs YCaosuti 0e30nAcCH020 8bINOJHEHUS PEMOHMHBIX pabom ¢ npumenenuem 0yeosoti ceapku. C mouku 3peHus
COXPAHEHUs peHcuMa IKCHIAYAmayuu 2a30npoeood Ha 8peMs PeMOHMA NPedNodHCeHa HO8AA MEXHUKA 3d8apKu Oege-
Kma.

KitroueBble clioBa: MarucTpaibHBIN Ta30MPOBOJ], PEMOHT, AyTOBasi CBapKa, yTOHCHUE CTCHKH TPYObI, Oe3omac-
HOCTB.

Comnputational methods for determinina the crititakar dimensions of reduction ine wall thickness
the main aas pipeline in the lonaitudinal and cimtferential directions were developed. The diaaréoncritical
linear dimensions of the defts. which allow to determine the maximum allowadskessure level in the pipeline
ensure safe conditions for repair opgoms with the help of arc weldina. were built dre tbasis of the obtain
computational results. In order to maintain the gegeline operation mode repair operations, a new méghe fol
the defect weldina was suaaested.

Key words: main gas pipeline, repair operation,veetding, pipe wall thickness reduction, safety.

IHOCTAHOBKA ITPOBJIEMbI

Haubonee pacnpoctpaHeHHBIMU JedeKTaMu
JIMHEWHOW YacTH MarucTpajbHbIX Ta30MPOBOJIOB
SBIISIFOTCS  KOPPO3UOHHO-MEXaHUYECKUE TOBPEK-
JICHHs, KOTOPBIE XapaKTepU3yIOTCs MOTepel MeTa-
JUTa ¥ YTOHCHUEM CTEHKHU TpyObl. C MpaKkTUIeCKOn
U SKOHOMHYECKOW TOYEK 3PCHHUS PalliOHATHLHBIM
SIBIISICTCS. PEMOHT 3TUX Je(PEKTOB C MPUMEHEHUEM
JIYTOBBIX CIIOCOOOB CBapKH B YCJOBHUSIX JCHCTBY-
IONIET0 Ta30MpPOBOJIA, HAXOMSANICTOCS TIOJ BHYT-
penHuM naBineHreM. OCHOBHBIMH METOAAMHU pe-
MOHTa SIBJISIFOTCSI. 3aBapka YTOHCHUH, YCHIJICHUC
JNe(EKTHBIX CTCHOK TpYyO CBapHBIMH OaHIaKaMu
b0 My(dTamMH pa3IMYHBIX KOHCTpykmmii [1-9].
VYuuteiBas, 4TO MO pa3HbIM OILEHKAM YTOHCHUS
cocraBistoT 6osee 50% ot o0mmiero KoauuecTBa

ISSN 1993—9973. Po3gigka Ta po3pobka HadpToBMX i rasoBux pogoBuwl. 2015. Ne 2(55)

[10], 3aBapka, BO MHOTHX CJIy4asx, BBITJISIUT IIPH-
BJICKATCIBHBIM METOAOM peMoHTa. [Ipu 3aBapke
o0ecrevnBaeTcsl ONMEePaTHBHOCTh YCTPaHEHUS Jie-
(exTa ¥ CHWKEHHE CTOMMOCTH CaMOI'0 PEMOHTa,
MOCKOJIbKY HE TpeOyeTcsl MCIOJIb30BaHUE JIOTON-
HUTEJIBHBIX MaTepuaioB. OCOOCHHO aKTyaleH Ta-
KOH METOJ] peMOHTa Ha y4acTKax TpyOOIpOBOIIOB
¢ m3rubamu, Mporudamu, B3aMMHBIM CMEIICHHEM
TpyO BIOJb MPOAOIBLHON OCH, B TPYAHOIOCTYITHBIX
MeCTax, a TaKKe MPU U3MEHEHUH MPOXOIHOTO JIU-
ameTpa — B TaKMX CIydYasx ycTaHOBKa My(T u Oa-
HIaXEH 3aTpyHEHA HIIM TPAKTHUECKH HEBO3MOXK-
Ha. OJHaKO MpH BCEX JIOCTOMHCTBAX CBapOYHBIX
TEXHOJIOTHIH MMEIOTCS PAA MPOoOJieM, ¢ KOTOPBIMHU
MPaKTHYECKH BCET/Ia CTATKMBAIOTCS MPH MPOBEJIC-
HUW PEMOHTHBIX PaboT.
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OnHa 13 OCHOBHBIX MpoOJeM CBsi3aHa ¢ 0e30-
MAacCHOCTBIO BBIITOJTHEHUSI pabOT — PUCKOM paspy-
IICHUS CTCHKH TPYObl BCIEACTBUE JIOKATBHOTO
pasorpeBa W pasynpovHEHHsS Marepuaia TpyObl B
npoIiecce CBapKH MpPU BO3JCHCTBUU BHYTPCHHETO
nmasnenus [1, 3, 6, 8, 11, 12]lTousiTHo, 4TO Hawu-
OOJBIIYIO OMACHOCTH BBI3BIBACT BBITIOTHCHUE Y-
TOBOM CBapku IIpU 3aBapKe YTOHEHHUM CTEHOK
TpyO, TIOCKOJILKY B MECTaX WX PACIOJIOKEHUS OC-
TATOYHAs TOJIIMHA CTCHKH MCHbIIIE HOMUHATHLHON
[1, 7]. Pe3epB B obecrniedeHnn O€30MAaCHBIX YCIIO-
BUI CBapOYHBIX pabOT COCTOWUT B CHWKCHHH JIaB-
JICHUs] B MarucTpail Ha MOMEHT BBIITOJHCHUS pe-
MOHTA, ITPH KOTOPOM CYIIECTBEHHO HE U3MCHSCTCS
peXUM DSKCIDTyaTallMd Ta30mpoBoaa. B cBs3m ¢
9THM CYIIECTBYET HEOOXOIUMOCTHh B NMPOBEIACHUU
pacyeTHBIX OIIEHOK, KOTOpPhIE OOOCHOBHIBATH OBI
MaKCHUMAaJIBHO JIOMYCTUMYIO BEJIMYHMHY JIaBJICHUS B
MarucTpalii ¢ y4eTOM TEeXHOJOTHYECKHX BO3ICHc-
TBUH Ha Je()eKT, TAKUX KaK 3a4UCTKA TIOBEPXHOCTHU
OT MPOJYKTOB KOPPO3UH MO0 CBapOYHBINA HArpes,
NpU KOTOPHIX U3MEHSIOTCS €ro HayalbHble rabda-
PUTHBIC pa3MeEpHI.

AHAJIM3 TMTOCJIETHUX UCCJIETOBAHUM
N IIYBJIMKAIMHU

Bomnpocy omnpezaeneHus JOMycKaeMoro BHYT-
PEHHETO JaBJICHUS B TPYOOIPOBOJE IOCBSIICHO
Oonbioe KOJINYECTBO IKCTIEPUMEHTAIBHO-
TEOPETHYECKUX PA0OT, B KOTOPBIX M3YYCHO BIIHUS-
HHE TaKkuX (HaKTOPOB, KaK TOJIIMHA CTEHKH TPYOHI,
YPOBEHb BHYTPEHHETO [aBIICHHS, BEIHYUHA TI0-
TOHHOW DHEPTUM CBapKH, TEMIIEpaTypa MpelBapu-
TEIBHOTO TIOIOTPEBa HA PUCK pa3pyLICHHUs CTCHKH
TpyOsl. Hanpumep, B padotax [6, 7, 13]Jonpenene-
HBI YCJIOBUS 0€301MacHOCTH, KOTOPhIC 3aKII0YaloT-
cs B TOM, YTO MakKCHUMaJbHOE BHYTpEHHEE JlaBJie-
HHUE JNOJDKHO OBITH He Oosiee 6,7 MIla ¢ ocrarou-
HOW TOJIIMHOW CTEHKU TPYObl He MeHee 3,2 MM,
OpU 5TOM TETUIOBIIOKEHHE MEPBBIX MPOXOA0B J0-
mxHO ObITh He Gomee 0,51 x/Ix/mMMm. B paborax
[12, 14, 15]moka3aHo, YTO MPOXKOT CTEHKH TPYOBI
HE POUCXOJINT TIPH YCIOBHH, YTO TEMIIEpaTypa Ha
BHYTPCHHEH ITOBEPXHOCTH CTEHKH TPYOBI HE Tpe-
Beimaet 982 “C. Ilpu oueHke BIMSHUS MpeaBapu-
TENLHOTO ToZorpeBa B paborax [14, 16]ormeueHo,
YTO MOJOTPEB HE OKA3hIBACT CYIECTBEHHOTO BIIU-
SIHUSI Ha BEPOSITHOCTh Pa3pyLICHUS] CTCHKU TPYOBI.
Hns ciydaeB peMOHTa JAEUCTBYIOIIETO ra30MpoOBO-
Jla CBapHBIMU My(TaMH, KOTOpPbIC MIPUBAPUBAIOTCS
K CTEHKe TPpyObI KOJBLEBBIMH IIBaMH, B [17] momy-
CKaeMoe JaBIICHHE PACCUMTHIBACTCS HCXOJIS W3
riryOunbl aedexta nuO0 TIyOWHBI 30HBI TOTEPU
HPOYHOCTH METaJlIa B MECTE CBAPKH.

B uccrnepoBanmsax [18, 19] mist pasnmuuHbBIX
napamMeTpoB JIyrOBOW CBapKH, TPYyOOIIPOBO/A, CKO-
POCTH TpPaHCIIOPTUPOBAHUS Ta3a YCTAHOBIICHBI
KPUTHYECKUE YPOBHHU JaBIICHHS, HM)KE KOTOPBIX
paspylieHHe [0 MEXaHW3My IUIACTHYECKOH He-
YCTOMYHNBOCTH CTCHKH TPYOBI OT BO3ICHCTBHSA
BHYTPEHHETO JaBIICHHUS HE PEan3yeTcs MpH 3aBa-
pKe s3BeHHBIX AedekToB. PacueTHbIM myTeM ycra-
HOBJICHO, YTO OCTaTOYHAsl TOJNIIMHA CTCHKH TPYOBI
JOJDKHA OBITH He MeHee 6 MM. JleiicTByrommmu B
YkpanHe HOPMAaTUBHO-TEXHUYECKUMHU JOKYMEH-

82 )

tamu [20, 21], perimameHTHPYETCS BBINOJHECHUEC
PEMOHTOB KOPPO3MOHHO-MEXaHUYECKUX IOBPEXK-
JeHUH 3aBapKoW Ha TPyOONpOBOAE MOA AaBICHU-
eM. HopMBI ycTaHaBIMBAIOT IpaBuiia PeMOHTA KaK
HEOOJIBIINX O MPOTSHKEHHOCTH YTOHEHHH CTEHOK
Tpy6 - nimHoi 1o 80 MM Bonbs 0Opasylomiei, Tak
¥ OOLIMPHBIX KOPPO3UOHHBIX MOBPEkKAEHHUN (IL10-
maxs 10 30000 mm?). I IMOCIEIHEro ciydast
yKa3aHo, 4TO JOITyCKaeMoe JaBJICHHE B Markcrpa-
7 He nojpkHo mpeBbimath 70% ot pabouero. Ta-
Koe TpeOOBaHHE HE YUUTHIBAET peajibHble radapu-
THBIE pa3Mepsl Je(eKTOB, KOTOPhIE U Mpeaonpeie-
JSIIOT PUCK PA3pyIICHUS CTEHKH TPYObI IIPH BBHITIO-
JHEHUH 3aBapKd Ha JEHCTBYIOLIEM MarucTpalib-
HOM Ta30IpOBOJIE.

HEJIb PABOTBI — pa3zpaboTka pacdeTHOI
METOJMKH TI0 ONPEJCTICHUIO OE30MaCHbIX yCIOBHH
BBITIOJIHEHNSI CBApKH HA Ta30NpPOBOJIC IOJ JaBlie-
HHEM U H3bICKaHHE PE3EPBOB TEXHOJOTHU CBAPKH,
MO3BOJIAIONINX CYIIECTBEHHO HE MEHSTH PEXHUM
paboTHl MarucTpalid IPH PEMOHTE 3aBapKoOW 00-
IIUPHBIX 0 IUIOMAIN M MPOTSHKEHHOCTH YTOHE-
HUN CTEHKU TPYOBI.

N30 KEHUE
OCHOBHOI'O MATEPHUAJIA

[lycTh yTOHEHHE CTCHKU TPYOBI XapaKTepH3y-
€TCs HaYaJbHBIMH TrabapUTHBIMH  pa3Mepamu
IXCoX8max e S, Co - pasMepsl B OCEBOM U
OKPY’KHOM HAIIPABJICHUAX, Umax — MaKCHMaJlbHas
riyouna gedekra (puc. 1).

Pucynok 1 —Cxema yTOHeHHsI CTEHKHU TPYObI

JI71sl OLICHKH CTENECHH JOMYyCTHMOCTH Je(eKTa
UCIIONb3yeM 3aBucuMocTH [19], monydenuHsle 1o-
cite 00paboTKK pacueTHOM MeToauku [22] 1o ore-
HKC YTOHEHHUsI CTEHKH B 00OJIOYKE, HArPYKEHHOU
BHYTpEHHHM JaBienueM P. B cootBerctBuu ¢ [19,
22] [MONMyCTUMOCTh YTOHEHHS Ha IIOBEPXHOCTH
TpyOBl, onpesienseTcs napameTpom R;:

_ 0T oo
RJ. - |5p| 1] G_Sv C) ’ (1)

TI€ Omin=0-8max — MUHHMAJIbHAS OCTATOYHAS TOJ-
IIMHA CTCHKHU TPYOBI B 30HE JIeeKTa,;
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0 — TOJIILHA CTEHKH TPYOBHI,

@ — TMIPOTHO3UPYEMOE YMEHBIIICHUE TOJIINHBI
CTEHKH TPyOBI BCIICCTBUE KOPPO3HU METAILIA;

[0,] — MuHEManBHO HOMyCTHMas TOJIIMHA
CTeHKHU TpyOB! Oe3 medekTa, onpeaenseMas pacde-
THBIM ITyTEM.

VYcnosue nonmycrumoctu Y (t) yroHeHus ¢ pa-
smepamu  S(t), C(t), a(t)na nanHbIil MOMEHT Bpe-
MEHHU | MOKHO TIPECTaBUTh B BUJIE:

2

Y(t)=J-at)-[5]R 0.

s onpenenennst Bemmunnbsl R (j=S C) B
[M] mpeminoskeHBI CIIEAYIOIINE pPACUETHHIE 3aBH-
CHMOCTH:

02, mpu A <0,3475

-1
09 09
R =J09-—=  |10-————
S Y 1
1+ 04812 Y1+ 04812
npu A >0,3475
C
02, 0 < 0348
oy = 08 @)
c2
-0,7358+ 1(51{‘))
D
RC : )

2

Co

0+1 —
10+ $3{Dj

CO
npu — > 0348.
P D
BuaHo, uTo U1 HaxOKACHHS mapamerpa R

A0CTAaTOYHO OIPEACIUTL COOTHOIICHUC FO, 4qTo

HE BBI3BIBACT OCOOBIX ClloKHOCTeH. J[ns ompene-
JeHus: napamerpa Rs HeoOXoanMo paccuuTaTh Be-

1285

\DI9p]
MHUHUMAIBHO OMYCTHMasl TOJIIIMHA CTEHKH TPY-
OBl pacCUMTHIBACTCS B COOTBETCTBHHM C HOPMaMH
IPOEKTHPOBAHNS MarkCTPAIBHBIX TPYyOOIPOBOIOB
[23]. KacaTenbHO MarucTpajibHBIX ra30IpOBOJIOB,
Ha Hall B3IJIS, LEJIECO00pa3HO UCIOIb30BaTh pa-
CUCTHBIC MpOLEAYPHI, u3NoxkeHHbie B [24]. Torna
MHHHUMAJIBHO JOIyCTHUMAas TOJIINHA CTEHKH TPYOBI
IUIS cTajel ¢ cootHomenneM or/og < 0,8 ompene-
JSIETCSI B COOTBETCTBUH C YPAaBHCHHEM:
(5.]= P [D
PL 20k Ofy (o

rae Pp - pacueTHOE JaBieHHE B TPYyOE;

D - BHeIIHMIA AaMeTp TpyOBI,

kr - k09 (hUIHEHT, KOTOPBIM 3aBHCHUT OT COO-
THOILIEHHUS o1/0g;

fr - pacuerHblit KO3 duIHEHT o mpeaey Te-
Ky4eCTH or MaTepHaa,

0g - IPEJIeN IPOYHOCTH MaTepuara.

3nHauenne Pp BeUHCHAETCA 10 (hopmyrre
Pp=1,1P, rne P — pabodee naBlicHHE B MarucTpa-
JH.

auyuHy A = Sy, uTO TpebyeT 3HaHUA [J))].

(4)
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Il craneii ¢ cootHomenueM ot/og > 0,8 Be-
nuuuHa [dp] ompenensercs kak Ooibluee U3 ABYX
3HAQUCHMH, KaXKI0€ M3 KOTOPBIX 3aBUCHT OT
npenenaa TeKydecTH JHOO mpenena MPOYHOCTH:
[0p] = max {or; Jg}. B atom cirydae TommuHa cre-
HKH, KOTOpasi ONpeessieTcs Yepe3 o1, pacCUuThI-
BaeTcs 1o Gpopmyie:

P> [D

[Or] :m- %)

a TOJILMHA CTEHKH, KOTOpas OIpEAeIsIeTcs 4epes
Op, PACCUUTBIBAETCS IO POpMYyIIE:

_ P ID
[9s]= ENTN (6)

B OB
raoe fp - pacuerHsii koaduIMEHT MO TpaHMIE
HPOYHOCTH 03 MaTepHaa.

3HadyeHnsT pacueTHHIX Kod(dunmenTos fr u fy
st hopmya (4), (5), (6)npuHEMaOT B 3aBHCUMO-
CTH OT KATE€rOpUH yd4acTKa MaruCTPaJbHOrO ras3o-
IPOBOJIA, HA KOTOPOM BBITIOJIHSAETCSI PEMOHT, B CO-
OTBETCTBUU C Tabnmei 1.

Ta6auna 1 — 3nauenus kodpdunuenton fr u fy

Karteropus yuactka | PacuerHsie koahummeHTs
ra3onpoBoja f; f,
-1V 0,72 0,63
[-1l 0,60 0,52
Bricias 0,50 0,43

Pacuernsiii koadpdunuent kr B hopmyie (4)
ONPEAEINSAIOT UCXOAS U3 CIIEIYIOINX YCIOBUM:

- o7log < 0,6 —Tabnuna 2;

- 0,6 <o1log < 0,8 —m10 popmyie

kT = al _ br & ’
a-B
rae 3HaueHue koddouuuentos a', b' npuHUMarOT
TaKKe B 3aBHCHUMOCTH OT KaTerOpUHM YdacTKa

MarucTpaabHOTO ra3onposoja (tabnmia 2).

Ta6imua 2 —3HavyeHus: Ko3(hpUIMEHTOB

kt,a'mb'
Kareropus o1los<0,6 | 0,6 <o7/05<0,8
ydacTka K ) b
ra3onpoBoja T a
-1 1,250 2,000| 1,250
-1 1,333 2,333 1,667
Bricmias 1,400 2,600 2,000

Anamuz (4), (5), (6) mokaseiBaer, 4T0 IpHU
IPOYMX PABHBIX YCIOBHUSX, [Jp] ompenemnsercs Be-
Au9rHOM P, KOTOpas 3aBHCHUT OT peKUMa KCILTya-
TallM¥d MarucTpajbHOro rasomnposoja. Ciemosare-
JIbHO, NPU W3BECTHBIX 3HAYCHUAX NaBicHUs P u
pasmepoB Sy, Co, Amax MOXKHO CHENIAThH 3aKITIOUCHUE
0 JIOMYCTHMOCTH Je(eKTa Ha MOMEHT OIICHKH B
COOTBETCTBHHU C YCIIOBUEM (2).

B mpakTuke peMOHTHBIX PabOT CYIIECTBYET
HEO0OXOAMMOCTh B PEIICHUN OOpaTHOH 3a1ad, T.C.
B YCTaHOBIIEHHH JOIycKaemoro masienus [P]<P,
P KOTOPOM BO3MOKHO BBITIOJHHUTH PEMOHT HE
BeIBOIS AehekT u3 30Hbl pomyctumoctu (Y20).

—
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I[Ipu »s3TOoM HEOOXOIWMO CIPOTHO3HPOBATH U
Y4eCTh YBENHUYCHHE TabapUTHBIX pa3MEPOB YTOHE-
Hust S, Cp, 8max BCACACTBUE MEXaHHYCCKOM 3a4HC-
TKU TIOBEPXHOCTH JEPEKTOB OT MPOJYKTOB KOPPO-
3UHM, 0COOEHHO MaKCHMAaJbHOM TJIYOWHBI, KOTOPast
MOKET JIOTIOJTHUTEIBHO BO3PACTaTh.

[Ipu mpuHATHN pelieHus O PEeMOHTE YTO-
HEHUS 3aBapKoi OyjeM cuutaTh, uto =0, u Toraa
napameTp R MoxxHO 3amucarts B BUIE!

R :é[—a]m. (=S, O . )
o)
P
B ciayuyae u3smMeHeHus BENIMYUHBI JaBiaeHUs P
JUTSL YCIIOBHUS 8may=CONStOYAyT MOJYYCHBI HOBBIC
pacueTHble 3HaueHHs [Jp] 1 R. CooTBeTCTBEHHO
gepe3 napamerp R} MoxxHO onpenenuts S, Co npu
pasn4HbIX 3HaueHUAX [Jp]=f(P). [lns aToro BeImoO-

JTHUM O0OpaTHOe Mpeodpa3oBaHUE 3aBUCHMOCTEH
Rs=f(4) B (3) u w1 A(Rg) momyqnm [25]:

2 05
Rs -1
AM(Rs) =14434x| 081 —S —
(Rs)=1 B Rs — 09
npu Rg > 0.2 ; (8)
A(Rs) = 0,3475 npu Rg < 0,2.
Torma u3 cucteMsl (3) mOIyIHM:
Sy (Rs) =A(Rg) YoroP!
kp. \' 'S S 1285
R. +073589 |
Cp.(Rc)=D :
10511- 13838R. 9)
npu R. >02 ;

CKp.(RC) =0348D 1pu RC <02,

rae D —HapyXHbIH JruaMeTp TpyOHI,
Sp U C, — KpuTHYECKHE JTMHEHHbIE pa3Mephl
YTOHEHUS CTCHKH TpyOBI 1151 3a1aHHBIX Rs 1 Rc.
CpaBHEHHE HEMOCPEACTBEHHO W3MEPEHHBIX
pasmepoB &, Gy ¢ kputnueckumu S, C, mo3Bo-
JSIET ONpEeAeTuTh Takoe [P], mpu KOTOPOM BHINOJI-
Hsiercst (2) 1 3TO 00ecreunBaeTCs yCIOBUEM:

S<S,p. » Co=<C,,,. mpu a = const. (10)

Paccmotpum omnpeneneHne KpUTHYECKUX pas-
MepoB J1e(DEKTOB YTOHECHHUS CTCHKH JCTalbHEe Ha
npuMepe TPSMONIOBHOW TPyObI M3 CTalH Kiacca
npouHocTrt X70 ¢ HOPMATHUBHBIMA MEXaHUYECKH-
MU xapakTepuctukamu or=441 MlIla, 05=589
MIla, nuamerp D=1420 mm. 3amaBas psn 3Hade-
HUH Omin=0-8may, MOJTy4aeM COOTBETCTBYIOLTUH P
sHayennit R=R. misa P=7,4MlIla, 0,9°=6,66MI]a,
0,8P=5,92MIla, 0,7P=5,18MlIla, 0,6P=4,44MI]1a,
0,5P=3,7Mlla, Ha ocHoBanuu KoTopbix 1o (8), (9)
onpenenstorea S, u C,,. PacuerHble naHHbIE
npuBenieHbl B Tabuunax 3, 4 s [-11 u -1V kare-
ropuil y4acTKOB ra30lpoBo/a.
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JInist ynpouieHHs MOIb30BaHUS MOTYIeHHBIMH
3aBUCHMOCTSIMH, IeJIecOo00pa3HO pacueTHBIC JaH-
HBIE U3JI0XKHUTH B TPa(UIECKOM BHJE — KaK Juar-
paMMbl KPUTHIECKHX JTHHEHHBIX pa3MepoB yTOHE-
HUW CTEHKHU TpyOBI. [IpuMep Takux muarpaMm JyIs
y4acTKa Tra30MpoBO/a BBICIICH KaTErOpUHU IMpHUBE-
JIeH Ha pHc. 2.

AHaIN3 MONyYSHHBIX PEe3yIbTATOB MOKA3bIBA-
€T, YTO TpHU JIFOOOM YpOBHE JABIICHHS B ra3ornpo-
BoJie KpuTnueckuii pasmep Cg, B 8...10 pa3s npe-
BBINIAET KPUTHYECKUH pa3Mep S, HpU OAUHAKO-
BOM 3HA4YCHHU Omin. [103TOMY Hambomee cymiect-
BEHHO Ha PUCK Pa3pylICHUS CTCHKH TPYObI BIUAET
KPUTHYECKHH pazmep . Takxke 3aMeTHO, 4TO
IPH MajbIX 3HAYEHUAX Omin (Rs—0,2) cHIDKeHMs
JIABJICHUS] B MArMCTPAIHd HE MPHUBOAMT K CYIIECT-
BEHHOMY YBEJIHUYECHHIO KDHTHYECKOTO pazMepa S, .
WNuaue TOBOpS, CHIKCHHE ABICHUS TOYTH HE
YMEHBIIIAET PUCK pa3pylleHHs CTEHKH TpyOwl. B
TaKUX CIIydasXx CIIeyeT OTKAa3aThCsl OT PEMOHTA
YTOHEHHUIl 3aBapKOW W HUCMOJIB30BATh JPYrHe Me-
TOJTBI PEMOHTA.

B  kauectBe TpuMepa  HCIOJIB30BAHUS
JarpaMM pacCMOTPHM 3aBapKy YTOHCHHUS DIUIHII-
commaorr opmMer ¢ pazmepamn  FH=100 mm
(-50Mm < X < 50mm), Co=60 MM, ama=12,5 mMm.
I'a3onpoBOji  BBICIIECH KATETOPHUH JAUAMETPOM
1420mm u3 cramu X70,0 = 24mwm. 1o quarpamme
(puc. 2, a) BUOHO, YTO Ha yYacTKe Ta3ompoBoOja C
BHyTpeHHHM naBieHue P=7,4 Mlla BrwImToHSIETCS
ycnoBue S<S,. Ecnu npusATH, 4TO CKOPOCTH KO-
ppo3uu B TIYyOHHY CTEHKH TPYObI COCTaBIISIET
Viop.=0,5 MM/TOJI, TO B TeUEHUE OJTHOTO TOZA YCIIO-
Bue (10) Oymer HapymeHo u aeeKT cTaHeT HEHO-
myctuMbiM (Y<O). I BOCCTaHOBJIEHHS BBITIOJIHE-
Hus neiictBus yenoBus (10) morpedyercst cHuxe-
HUE pabodero JamiCHUS B TPyOONpPOBOJE JIO
0,9P=6,66MIla, 9TO HapYIIAT PEKUM IKCIUTyaTa-
UM MarucTpajJbHOTO Ta30mpoBoja. B cBs3m
C 3THM I[eJIeco00pa3sHO B TEUYCHUE BPEMEHH JIO
6 MecsI1IeB POBECTH PEMOHT YTOHCHUS 3aBapKOi 1
BOCCTaHOBUTH TOJIIUHY CTEHKH TPYOBI IO UCXOJI-
HOTO 3HAYEHUS O.

[IpoBeneHe peMOHTa TPATUIIMOHHBIM TEXHU-
KO TpeJycMaTpuBaeT HaIUIaBKy MeTaluia, Hesa-
BHCHMO OT HANpaBJICHHs, HA y4aCTKE YTOHEHHUS C
MaKCHUMATBHOM TITYOUHOM 8max (PHC. 3).

HarpeBaHue 0 BBICOKHMX TeMIIepaTyp MPHBO-
JIUT K PE3KOMY CHIDKEHHIO TIPOYHOCTHBIX XapaKTe-
PUCTHUK Y TOH YacTH MeTala, KOTOpas OXBAaThIBACT
KHUJIKYIO CBAPOYHYIO BAHHY, YTO TOMOJHHTEIHHO
CHIDKAeT HECYIIYIO CIIOCOOHOCTh CTEHKH TPYOBI B
mecre medexta [3]. C HEKOTOPBIM KOHCEPBATH3-
MOM OyJIeM CUMTaTh, YTO 30HA MeETaya, KoTopas
NoTepsIa MPOYHOCTh, OTPAHHYMBACTCS N30TEPMOit
1000 °C. Taxxe mpumeM, YTO OHA IPOHHKACT HA
rryOuHy ¢=3 MM TIpH [IMPHHE HAIUIABIEHHOTO Ba-
muka B=10 mMm. Torma ycmoBHO TiTyOmHa medexra
JIOTIONTHUTENIEHO YBEJIIMYUBACTCS HA BEIUYMHY & B
30HC TEIUIOBOTO BIHUSHUS CBAapOYHOW  JIyTH
(8ycn=8maxt¢), a ycIOBHAas OCTaTOYHAs TONIIUHA
CTEHKHU TPYOBI COCTABHUT — Oycy =0-Bmax¢=8,5 MM.

ITOCKOABKY Oyen <Omin, I OO€CIE€UEeHHs] BBI-
noiaHenus yeaosus (10) mo auarpamme (puc. 2, a)
noTpedyeTcss CHMKCHUE MABJICHUS B MarduCTpasu
1o 3HaueHust Meree 0,7P, 4To mpuBEAET K Hapy-
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Ta6auua 3 — 3Havenns S, C,, (KaTeropusi yuactka razonposoaa — I-1I)

IICHUIO PEKUMa pabOThI Ta30MpoBOJa Ha BpPEMs
pPEMOHTA.

B 3T0i#1 cBsi3u BBI3BIBAET MHTEpPEC CXema pe-
MOHTa YTOHCHHUS, KOTOpas MpeIycMaTpuBaeT 3aBa-
pHBaHKE B OKPY)KHOM HAlpaBJCHUH, HaYWHAs C
KOHIIOB Jiedekra (puc. 4).

JInst 1aHHOTO citydasi 00eCreYrBaeTCsl BhIIO-
JIHEHUE YCIOBHS: Oyer >Omin=0-a(X)-¢. Ha kakmom
CIIE/TyIOIIEM IIIare HallIaBKa BAJMKa BBIMTOTHSICTCS
Ha POTUBOIIOJIOKHOM KOHIIE AedekTa. [ToCKOIbKY
IpH HalJIaBKe BalliKa TPeOyeTCs MEepEeKphITHE ¢
OPEIBIIYIIAM CMEXKHBIM Ha 3 MM, TIPHMEM IIHPH-
Hy B=7 mm. Tak Hanpumep, aii S=S-B=93 mwm,
OCTAaTOYHAs TOJIIUHA Opin 10JUKHA OBITH HE MEHEe
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10,5 mm guis pabouero nasiaeaus P=7,4 MM
(puc. 3).IIpu sToM TpebGoBanne S, CoOXpaHsIeT-
Cs M HEOOXOJAMMOCTh B CHIDKEHHWH pabodero aaB-
nenust P oTcyTCTBYET.

B o6ieM Buje MpH HAmIaBKe ¢ MPOTHBOIIO-
JIOKHBIX KOHIIOB IIOJy4aeM HM3MEHECHUE JINHBI
S=S-nB, rae n - Homep npoxoga. COOTBETCTBEH-
HO IS KaKJIOTO CJICAYIOIIEr0 3HAYCHUS IJIHHBI
YTOHEHUS S, 3Has TAyouHy a(X), rae x - Koopau-
HaTa BJAOJL OCH Jedekra N-ro mMpoxoja, MOXKHO
paccuuTaTh  YCIOBHYIO  [IyOuHy  Jedekra
e, =a(Xy+¢. Torma ompenensercs yCIoBHas OCTa-
TOYHAs TOJILIUHA CTEHKU Oyey =0-8ycn, KOTOpAL
CPaBHUBACTCA C JAOMYCTHMOW BETHUUHON Opmin TS

—
{ 85

Omin, MM 4,02 6,04 8,05 10,06 12,08 14,09 16|1 17,1
p R—=R; 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,8p
[5’ ] = 20,2vm Sp, MM | 45,7 60,8 77,4 97,8 125,9 1722 284,1 47p,2
P ' Cop.MMm | 493,6| 5730 6784 832,9 11044 1874,0 « 0
0.9 R=R. 0,222| 0,332 0,444 0,55% 0,66p 0,777 -
[8’ ] z 18 2t Sy, MM | 46,5 62,6 81,4 106,3 145,% 233|3 o0
P ' Co, MM | 509,7| 604,5| 738,77 960,8 14831 0 o0
0.8 R—=R; 0,25 | 0,375 0,5 0,623 0,746 0,871 o0
[5’ ] ~ 16.1:m Sp, MM | 47,5 65,3 87,5 120,8 189,8 745|1 © o0
P ' Co.MMm | 530,9| 648,7| 8329 12132 o ) 0 o0
0.7p R=R. 0,285| 0,428| 0,569 0,711 0,85¢ - - -
[8’ ] z 14 1unt Sy, MM | 49,0 69,2 97,6 152,1 4498 0 )
P ' Cw, MM | 560,4| 716,0f 1006,2 2160 o o0 0 )
0.6p R—=R; 0,332 0,5 0,665 0,83 - - - -
[5’ ] L 12 1t Sy, MM | 51,1 75,8 118,8) 2964 oo ) 0 o0
P ' Co.MM | 604,5| 832,9] 1483,1 ) ) 0 )
0.5p R—=R; 0,4 0,6 0,8 - - - - -
[8’ ] Z 10 1unt Sy, MM | 54,7 89,0 200,9] o o0 ) 0 0
" ' Co.MM | 678,4| 11044 o o © © o o
Taéauna 4 —3Havenns Sg,, C,, (KaTteropus yuactka razonposoga —III-1V)
Omin, MM 3,42 5,13 6,84 8,55 10,26 11,97 13,68 14{54
p R+~=R; 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,85
[5’ ] =17,0mu Sp,. MM | 421 56,0 71,4 90,2 116,1 1587 2619 4389
P ' Cw.MM | 4936 573,0] 6784 832,9 11044 1874,0 o0
0.9 R—=R. 0,222| 0,332| 0,444 0)55% 0,66p 0,777 - .
[8’ ] Z 15 Anint Sp.MM | 42,8 57,7 75,1 98,0 134,1 215/0 o )
P ' Co.MM | 509,7| 604,5] 738,77 960,83 1483|1 o« o0 o0
0.8 R+~=R; 0,25 | 0,375 0,5 0,623 0,746 0,871 «© o0
[8’ ] z 13 7wt SesMM | 43,8 60,2 80,6 111,3 175,0 686,8 o0
P ' Co.MM | 530,9| 648,7| 832,9 12132 o o0 0 o0
0.7p R~=R. 0,285| 0,428 0,569 0,711 0,854 - - -
[5’ ] L 12 0wt Sp, MM | 451 63,8 90,0 140,2 4141 o o0 )
P ' Cow.MM | 560,4| 716,0] 1006,2 2160 o 0 ) o0
0.6p R—=R. 0,332 0,5 0,665 0,83 - - - -
[8’ ] Z 10 31 Sp.MM | 47,1 69,8 109,5 2732 o0 0 o0
P ' Co.MM | 604,5| 832,9| 1483,1 o ) 0 ) o0
0.5p R+~=R; 0,4 0,6 0,8 - - - - -
[5, ] ’: 8 6Mm Sip.s MM 50,4 82,1 185,2 o 0 o0 0 0
P ’ Cop.MM | 678,4| 11044 o 0 o0 0 o0 o0
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PucyHok. 2 —/luarpaMmMa KpUTHYECKHX JHHEHHBIX Pa3MepPOB YTOHEHUI CTEHKH TPYObI
u3 crayim X70 auamerpom 1420mMm

S,=100mMmm

Y

X o
T=1000'C J'f =

Pucynok 3 —Cxema 3aBapKu YTOHEHHS 3JIJIMIICOUAHON opMbI

1, 2, 3 ... -HOMepa IpOX0J0B N
Pucynok 4 —Cxema 3aBapKH YTOHEHHSI B KOJIbIeBOM HANPABJIeHUH ¢ KOHLIOB JlehekTa

S, npu nasnenuu P. JIOMKHO BBITIONHATECS YCIIO-
BHE Oycr ($)>0min(S)). Ha ocHOBaHum 3TOrO0 Cpas-
HCHHS MPUHUMAETCS PELICHHE 0 HEOOXOIUMOCTH U
CTEIIEHN CHIDKEHUA naBicHud. B Tabmumne 5 mia
BBIIICYIOMSHYTOTO MpUMepa MPUBEACHBI pacyer-
Hble BEIMYUHBI S, X, 8yen(N), Oyen, Omin(S) Ans
n=1, 2, ...0pu pa3NUYHbIX 3HAUCHHUIX BHYTPCH-
HET'O JaBJICHUS B ra30MpPOBO/IC.

i yTOHEHHS, KOTOPOE HMMEET DILIMIICOM]I-
HyI0 GopMy, TIyOHHY a(X) MOXKHO OMPEACTHUTE IO
tdopmyre:

2 2
a(x):amax\/l—(%] (?J Y
0

TI€ 8max = 0-Omin.
Torma rayomma a(x) mo ocu x mpu Yy=0
(puc. 1) paccunrthiBaetcs mo hopmyiie:

(12)

VYcnoBHass TinyOmHa aedexta N-ro mpoxona
IUIs TIpuMepa, PacCMOTPEHHOTO BhIILE, OyJeT coc-
TaBJIATH!
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Ta6auna 5— PacueTHble BeJIMUMHBI 1A cJIy4asi 3aBAPKH YTOHEHUs LIMIICOUTHOI opMBbI

n Sh Xny aycn(n)v 5ycn.: 5min(31)- MM
MM | MM MM MM | (P=7,4MI1a) | (0,9P=6,66MI1a) | (0,8P=5,92MIIa) | (0,7P=5,18MI1a)

1| 100| 50 3,0 21 11,4 10,8 10,0 9,1
21 93| -50 3,0 21 10,5 9,9 9,3 8,7
3| 86| 43 9,4 14,6 9,6 9,2 8,7 8,1

41 79| -43 9,4 14,6 8,9 8,5 8,0 7,5

5| 72 36 11,7 | 12,8 8,0 7,6 7,2 6,9

6| 65| -36/ 11,7 | 12,3 7,0 6,7 6,4 6,1

7 | 58 29 13,2 | 10,8 6,0 5,8 55 5,2

8| 51| -29 13,2 | 10,8 5,0 <5,0 <50 <5,0
9| 44 22 14,2 9,8 <5,0 <5,0 <50 <50
10| 37 | -22 14,2 9,8 <50 <5,0 <50 <50
11| 30 | 15 14,9 9,1 <5,0 <5,0 <5,0 <5,0
12| 23 | -15 14,9 9,1 <5,0 <5,0 <5,0 <5,0
13| 16 8 15,3 8,7 <5,0 <5,0 <5,0 <5,0
14| 9 -8 15,3 8,7 <5,0 <50 <50 <50

Kak BHIHO W3 MONYyYEeHHBIX PAaCUYETHBIX pe-
3yJbTaTOB, HAa KaXJIOM MPOXOAE N COXpaHSETCS
BBINOJIHEHHE OCHOBHOT'O YCIOBHSA Jyey (S)>0min(S).
B ob6mem cimydae HE0OXOIUMO YUIHTHIBATH JBA Ba-
puaHTa. Korja ycIIOBHAs rng6nHa nedexra (orpa-
anuerHas uzotepmoii 1000°C) menbie MmakcumMa-
NBHOW TITyOMHBI 8y, (N)<Amax U HA0OOPOT — YTO
MOXKET MOTpPeOOBaTh HE3HAYUTEIHLHOTO CHIDKCHUS
JIABJICHUSI.

HeoOxogmmo Takke OTMETHTH Ty OCOOCH-
HOCTB, 9YTO OAWH M TOT ¢ Ae(PeKT Ha TUHEHHOMH
YaCTH MaruCTPAJBHOTO Ta30MPOBOJIa MOXKET OBITh
kak HeponycTuMbiM (Y<0), Tak ¥ HA0OOPOT — J0-
MyCTUMBIM. JTO CBSI3aHO C €CTECTBEHHBIM CHIKE-
HUeM pabouero naBjicHUS P B MarucTpamu IpH
TPaHCIIOPTUPOBKE raza OT OJHON KOMIIPECCOPHOM
CTaHIIMH K JPYTOH.

BBIBO/IbI

1. C no3unum obecredeHns OE30TaCHOCTH
NPy PEMOHTE CBAPKOHW YTOHEHHH CTEHOK TpyO Ma-
TUCTPAJIbHBIX Ta30MPOBOJOB MO JABICHUEM H3Y-
YEHO BIUSHHE OCHOBHBIX (DAKTOPOB, OINPEIEISIO-
HIMX PUCK CHOHTAHHOTO Pa3pylICHUsS. JMHEHHBIC
pasmepsl nedekra, YpoBEHb JaBJICHHS B MAarwcT-
paii, TPOYHOCTHBIC XapaKTEPUCTHKH MeTajia
TpyOBl, NTyOMHA TPOIUIABICHHUS, 30Ha TEMIIEPaTy-
PHOTO CHIDKCHHS POYHOCTH MaTepHaia B pe3ylib-
TaTe CBAPOYHOTO HArpena.

2. TlocTtpoeHbl quarpaMMbl KPUTHYECKUX JIU-
HEMHBIX pa3MEPOB YTOHCHUH B 3aBHCUMOCTH OT
OCTaTOYHOM TOJIIMHBI CTEHKU TPYOBI AJIs1 ypOBHEH
BHYTPEHHETO JIaBJICHUSI TIPHPOTHOTO Ta3a B Maruc-
Tpaiu ot pabouero P g0 O, 7P.

3. B ciyuae kpymHBIX OedekToB Oojee 3Ha-

4. C npakTHIECKON TOYKH 3PEHUS H3JI0KCH-
HBIA TMOAXOJ HMEET MPEHMYIIECTBO, MOCKOIBKY
MO3BOJISIET BBIMOJHITE PEMOHT YTOHCHHUS 3aBapKOH
0e3 CHWXEHUSI JaBlICHHs B TPYOOIPOBOJE, YTO B
CBOIO O4epe]lb COXPAHSET PEXKUM IKCILTyaTalluH
TpyOonpoBosia W 00BEMBI TPAHCIOPTUPYEMOTO
raza. B ToM cimy4ae, ecnu Bce K€ HEOOXOIMMO
CHUM3WTH JaBJICHHE B MArucTpalid, TO CTCICHb
CHIDKEHHUs OyJIET MEHBIIIE, YeM 3TO TPeOyeTCs Ipu
TPaJUIIMOHHONW TEXHUKE PEMOHTA.
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