
Pa60Tocrroco6HOCTh MaTepMaJIOB
HM3KOTeMrrepaTypHoro o6opy,n;OBaH:IDI

qacTb 1. 0630p. npW-IMHbl OTKa30B M nOfiBneHMfI,aecPeKToB

B KpynHora6apMTHblX KOHCTpyKLl,MflX HM3KoTeMneparypHblx o6heKToB

jJ-p meXH. HayK lO.n. COJIHUEB, a-p meXH. HayK B.C. EPMAKOB, KaHa. meXH. HayK C.A. BOJIODKAHJlHA,
KaHa. meXH. HayK T.B. EPMAKOBA, H.B. KPYTJlKOB

CaHKm- llemep6yplcKUU locyaapcmeeHHblu yHueepcumem HU3KomeMnepamypHblx u nuw,eeblx meXHOAOlUU

The first part of a series of articles on working ability of the materials for low-
temperature equipment presents a review of literature on the causes of
failures and appearance of faults in large size designs of such equipment. It
was found that at the present time there is no common approach to the
problems of the influence of metallurgical and operational factors on the
decrease of reliability and durability of low-temperature equipment.

O,nHOH H3 maBHhIX Tpy,nHocTeH, C KOTOphIMH npHxo,nHT-

C5ICTaJIKHBaThC5InpH KOHrpOJIe COCT05IHH5IH O[(eHKe Ha-

,ne)l(HOCTH annapaToB XHMHqeCKOH, HeqnexHMHqeCKOH,

ra30nepepa6aThIBaIOI[(eH npOMhIIIIJIeHHOCTH H 060py,nOBa-

HH5IKpHoreHHOH TexHHKH, 5IBJI5IIOTC5IHX 60JIhllIHe pa3Me-

phI. TaKoe 060py,nOBaHHe, CTa[(HOHapHo pa3MeI[(eHHOe Ha

npoH3Bo,ncTBeHHhIx nJIOI[(a,nKax Ha OTKphITOM B03.nyxe, H3-

3a ero Maccora6apHTHhIX xapaKTepHcTHK npaKTHqeCKH

HeB03MO)l(HO TpaHcnoPTHpOBaTh B Cne[(HaJIhHO 060py,n0-

BaHHhIe peMoHTHhIe 30HhI ,nJI5InpoBe,neHH5I nJIaHoBoro KOH-

TpOJI5I H peMoHTa. 3TO He06xo,nHMO yqHThIBaTh npH Ha-

3HaqeHHH MeTo,nOB KOHrpOJI5I: npH pa60Te C no,n06HhIM

060py,nOBaHHeM MO)l(HOHCnOJIh30BaTh TOJIhKOM06HJIhHhle

KOHrpOJIHpyIOI[(He CHCTeMhICnpoBe,neHHeM nocJIe,nylOI[(HX

paCqeTOB :noro 060py,nOBaHH5I Ha npOqHOCTh H O[(eHKe

KpHTepHaJIhHhIX CooTHollIeHHH MexaHHKH pa3pYllIeHwl.

MeTaJIJIHqeCKHe KOHCTpyK[(HHB npo[(ecce 3KCnJIyaTa[(HH

no,nBepraIOTC5I pa3HhIM CHJIOBhIM B03,neHcTBH5IM, pa3JIH-

qaIOI[(HMC5I no npHqHHaM B03HHKHOBeHH5I,MHTeJIhHOCTH,

xapaKTepy H3MeHeHH5I BO BpeMeHH, HHTeHcHBHoCTH, TeM-

nepaTypHhIM YCJIOBH5IM. XapaKTepHCTHKa CHJIOBhIX

B03,neHcTBHH qaCTHqHO ,naeTC5IB cooTBeTcTBylOI[(HX HOp-

MaTHBHhIX ,noKyMeHTax, HanpHMep B CHHII 2.01.07 - 85,
pemaMeHTHpyIOI[(HX npOBe,neHHe paCqeTOB KOHCrpyK[(HH

Ha CTa,nHHHX npoeKTHpOBaHH5I. Pa3JIHqalOT rpH OCHOBHhIe

rpynnhI npHqHH B03HHKHOBeHHH CHJIOBhIX B03,neHcTBHH:

npHpo,nHO-KJIHMaTHqeCKHe (cHerOBa5l, BerpoBa5l, ceHCMH-

4eCKa51H TeMneparypHhIe HarpY3KH); KOHcTpyK[(HOHHhIe

(BHyTpeHHHe CHJIOBhIe yCHJIH5I, BeCOBhle H MOHTa)l(HhIe

HarpY3KH, TeXHOJIOrHqeCKHe OCTaTOqHhIe Hanp5l)l(eHH5I);

TeXHOJIOrHqeCKHe - HarpY3KH, 06yCJIOBJIeHHhIe TeXHOJIO-

rHqeCKHMH Onepa[(H5IMH.

IIpHpo,nHo-KJIHMaTHqecKHe CHJIOBhIeB03,neHcTBH5IBhI3hI-

BaIOTnepepacnpe,neJIeHHe Hanp5l)l(eHHO-,ne<popMHpoBaHHhIx

COCT05lHHH,oco6eHHo B 30Hax KOH[(eHrpa[(HH Hanp5l)l(eHHH.

Ih-3a pe3KHx KOJIe6aHHH TeMneparyp npH 3Kcnnyara[(HH

B03MO)l(HO B03HHKHOBeHHe ,nonOJIHHTeJIhHhIX BHyrpeHHHX

Hanp5l)l(eHHH, oc06eHHo B MaCCHBHhIX3JIeMeHTax KOHCrpyK-

[(HH. K03<P<PH[(HeHTKOH[(eHrpa[(HH Hanp5l)l(eHHH B ynpyro-

nJIaCTHqeCKOH 06JIaCTH npH CHH)I(eHHH TeMneparyp OT293
,no 200 K YBeJIHqHBaeTC5I Ha 12 - 50 % ,ZVUIPa3JIHqHhIX

KOHCrpYKQHOHHhIXCIIJIaBOB.,Z:LrnI 60JIhllIHHCTBa THnOBhIX Me-

TaJIJIOKOHCrpyKQHH xapaKTepHO [(HKJIH4eCKOe Harpy)l(eHHe,

4TO npHBo,nHT K HHTeHcHBHoMy HaKOnJIeHHIO nOBpe)l(,LJ;eHHH

H B03HHKHOBeHHIO MarHcrpaJIhHhIX rpeI[(HH ,no BhIpa60TKH

YCTaHOBJIeHHhIX CpOKOB3KcqJIyaTa[(HH [3, 6].
HarpY3KH OT co6cTBeHHoro Beca KpynHora6apHTHhIX

KOHCTpyK[(HH BhI3hIBalOT nOBhIllIeHHYIO ,ne<p0pMa[(HIO 3JIe-

MeHTOB H n05lBJIeHHe ,nonOJIHHTeJIhHhIX MOHTa)l(HhIX Harpy-

30K. Ba)l(HhIM <paKTopOM Heonpe,neJIeHHOCTH 5IBJI5IIOTC5I

MOHTa)l(Hhle OTKJIOHeHH5IOT npoeKTHhIx pellIeHHH - CMe-

I[(eHHe H OTKJIOHeHHe TpaccHpoBOK, oTcTynJIeHHe OT pa3-

MepoB, 06pa30BaHHe 3a30pOB B coe,nHHeHH5IX, HaJIH4He reo-

MeTpH4eCKHx HeCOBepllIeHCTB H ,np. Bce :no npHBoJJ:HT K

n05lBJIeHHIO ,nonOJIHHTeJIhHhIX BHyrpeHHHx yCHJIHH B 3JIe-

MeHTax KOHCTpyK[(HH [7].
HaJIH4He 60JIhllIOrO 4HCJIa cBapHhIx coe,nHHeHHH pa3-

JIH4HOrO THna B KpynHora6apHTHhIX MeTaJIJIOKOHcTpyK-

[(H51X<popMHpyer B npo[(ecce 3KCnJIyaTa[(HH CJIO)l(HhIe nOJI5I

OCTaT04HhIX Hanp5l)l(eHHH H 30H C nOBhIllIeHHoH CTpyK-

TypHo-MeXaHHqeCKOH Heo,nHopo,nHOCThlO. KpoMe TOro, Ha

KOHCTpyK[(HIO ,neHcTByeT IlIHPOKHH cneKTp BHellIHHX Ha-

rpy30K CTaTH4eCKoro, [(HKJIH4eCKOro H ,nHHaMHqeCKOrO

xapaKTepa.

BpeM5I B03HHKHOBeHH5I H T5I)I(eCTh Ka)l(,noro OTKa3a KOH-

CrpyK[(HH 06yCJIOBJIeHhI [(eJIhIM p5l,nOM C06hITHH pa3JIH4-

Horo xapaKTepa, B03,neHcTBylOI[(HX Ha o6'heKT. MHoro<paK-

TOpHOCTh npHqHH, pe3YJIhTaTOM ,neHcTBH5I KOTOphIX 5IBJI5I-

eTC5I nepexo,n CHCTeMhI B HOBoe Ka4eCTBeHHoe COCT05l-

HHe, CB5I3aHHOeC HacTynJIeHHeM OTKa3a, n03BOJIHeT rOBO-



pHTb 0 npHqHHHO-CJIe,n:CTBeHHOM KOMnJIeKCe C06bITHH,

ljJOpMHpylOI1.(eM OTKa3 [12].

AHaJIH3Y yCJIOBHH H npHqHH OTKa30B HH)I(eHepHblx co-

opy)l(eHHH H KOHCTpyK.QHHnOCBHI1.(eHO60JIbllIOe qHCJIOpa-

60T [1 - 7 H ,n:p.]. OCHOBHbIMH npHqHHaMH OTKa30B, no

MHeHHIO HX aBTopoB, HBJIHIOTCH:

• ,n:eljJeKTbI3aBo,n:CKoro H3rOTOBJIeHHH KOHCTpyK.QHH;

• HeCOOTBeTCTBHeMapKH CTaJIH xapaKTepy H TeMnepa-

TypHbIM yCJIOBHHM Harpy)l(eHHH (cTa,n:HH npoH3Bo,n:cTBa);

• 0IlIH6KH, ,n:onyI1.(eHHble B npoeKTax (cTa,n:mr: npoeKTH-

pOBaHHH);

• HapyllIeHHe paCqeTHbIX cxeM KOHCTpyK.QHH;

• npeBbIllIeHHe ,n:onycTHMbIX Harpy30K (cTa,n:HH3KCnJIy-

aTa.QHH).

KaK BH,n:HO,npH 3TOM He yqHTbIBalOTCH np0.QeCCbI, KO-

Topble MoryT npOTeKaTb B MaTepHaJIe 060py,n:OBaHHH B

xo,n:e ero .D:JIHTeJIbHOH3KCnJIyaTa.QHH.

OTKa3, KaK npaBHJIO, HBJIHeTCH~JIe,n:CTBHeMB03,n:eHCTBHH

cOBoKynHocTH pH,n:a ljJaKTopOB. ~JIH 60JIbllIHHCTBa OTKa-

30B CTaJIbHbIX CTpOHTeJIbHbIX KOHCTpyK.QHH xapaKTepHO

COqeTaHHe TaKHX ljJaKTopoB, KaK KOH.QeHTpa.QHHHanpH)I(e-

HHH, ,n:HHaMHqeCKOe CTapeHHe npH CBapKe, OCTaTOqHble

CBapOqHbIe HanpH)I(eHHH, nOHH)I(eHHble TeMnepaTypbI [6].

AHaJIH3 npHqHH xpynKHx pa3pYllIeHHH cBapHblx KOHCT-

PYK.QHH, npoBe,n:eHHbIH Me)l(,n:YHapo,n:HbIM HHCTHTyTOM

cBapKH [4], n03BOJIHJI BbIHBHTb pacnpe,n:eJIeHHe OT,n:eJIb-

HbIX ljJaKTopoB no qaCTOTe HX npOHBJIeHHH npH aBapHHX:

qYBCTBHTeJIbHOCTb MeTaJIJIa K Ha,n:pe3y (19,7 %), KOHCT-

PYKTHBHble Ha,n:pe3bI (13,6 %), OCTaTOqHble HanpH)I(eHHH

(12,9 %), cTapeHHe H HaKJIen (10,6 %), YCTaJIOCTHble Tpe-

I1.(HHbI(6,8 %), BHellIHHH Harpy3Ka (6,1 %), TepMHqeCKHe

HanpH)I(eHHH (4,5 %), TpeI1.(HHbI B 30He TepMHqeCKOrO BJIH-

HHHH (2,5 %), TepMo06pa60TKa (2,3 %), TpeI1.(HHbI B Me-

TaJIJIe IlIBa (1,6 %). 06I1.(HH npo.QeHT npOHBJIeHHH ljJaKTo-

pOB, CBH3aHHblXC BJIHHHHeM KOH.QeHTpa.QHHHanpH)I(eHHH H

HaJIHqHeM TpeI1.(HH, ,n:OCTHraeT 50. bOJIbllIaH qaCTb KOH-

cTpyK.QHH KJIHMaTHqeCKOrO XOJIo,n:apa3pYlliaeTcH npH TeM-

neparypax OT -50 ,n:o-5°C. Pa3pYllIeHHe pe3epByapoB H

cocy,n:OB ,n:aBJIeHHH npoHcxo,n:HT npH 60JIee BbICOKHX (B

cpe,n:HeM Ha 10 °C) TeMneparypax, qTO CBH3aHO C BJIHH-

HHeM 60JIbllIHX pa3MepoB.

IIpH3HaKaMH OTKa30B H npe,n:eJIbHbIX COCTOHHHH06'beK-

TOB HBJIHIOTCH:

• HeycTpaHHMoe HapyIIIeHHe Tpe60BaHHH 6e30nacHoCTH;

• npeKpaI1.(eHHe (nOJIHOe HJIH qaCTHqHoe) BbIllOJIHeHHH

06'beKTOM 3a,n:aHHbIX ljJyHK.QHH;

• OTKJIOHeHHe 3a,n:aHHbIX nOKa3aTeJIeH KaqeCTBa npo-

,n:YK.QHH3a npe,n:eJIbI YCTaHOBJIeHHbIX HOpM;

• B03HHKHOBeHHe npo.QeccoB, npenHTcTBylOI1.(HX ljJyHK-

.QHoHHpoBaHHIO 06'beKTa;

• ,n:OCTH)I(eHHeo6'beKTOM Ha3HaqeHHbIX nOKa3areJIeH, Ha-

npHMep, pecypca, cpoKa CJIy)l(6bI H T.,n:.

IIpoHBJIeHHHMH npH3HaKoB npe,n:eJIbHoro COCTOHHHHMO-

ryT CJIY)l(HTb TpeI1.(HHbI, nOJIOMKH, ,n:eljJopMa.QHH, H3MeHe-

HHe reoMeTpHH pa60qHX nOBepxHocTeH BCJIe,n:CTBHeH3-

Hoca, nJIaCTHqeCKHX ,n:eljJopMa.QHH, H3MeHeHHH ljJH3HKO-

MeXaHHqeCKHX CBOHCTB MaTepHaJIa.

Ha CTa,n:HHpa3pa60TKH H npoeKTHpoBaHHH 06'beKTa .Qe-

JIeC006pa3Ho npoBe,n:eHHe KJIaCcHljJHKa.QHHOTKa30B H npe-

,n:eJIbHbIX COCTOHHHH,B03HHKHOBeHHe KOTOpbIX B03MO)l(HO

npH npoH3Bo,n:cTBe H 3KCnJIyaTa.QHH 06'beKTa. Ba)l(HeHIlIH-

MH ljJaKTopaMH npH KJIaCcHljJHKa.QHH HBJIHIOTCH ,n:OCTO-

BepHocTb H KaqeCTBO HCnOJIb3yeMoH HHljJopMa.QHH. IJ:eJIe-

C006Pa3HO HCnOJIb30BaTb ,n:aHHbIe Hay'lHbIX HCCJIe,n:oBaHHH

H pa3pa60TOK, HCnbITaHHH H 3KCnJIyaTa.QHH, a TaK)I(e pe-

3YJIbTaTbI aHaJIH3a npH'lHH OTKa30B o6'beKTa, 06'beKTOB-

aHaJIOrOB, HX COCTaBHbIX 'laCTeH, 3JIeMeHTOB KOHCTpyK-

.QHH,,n:eTaJIeH.

HaH60JIee CJIO)l(HbIMH HBJIHIOTCH aHaJIH3 H paC'leTHOe

060cHoBaHHe nOKa3aTeJIeH Ha,n:e)l(HOCTH.Mx HeB03MO)l(HO

npoBecTH 6e3 KJIaCcHljJHKa.QHHnpH3HaKoB H yCTaHOBJIeHHH

KOJIHqeCTBeHHblX KpHTepHeB npe,n:eJIbHbIX COCTOHHHH,n:JIH

paCCqHTbIBaeMoro 06'beKTa C yqeTOM ero ljJYHK.QHOHaJIb-

Horo Ha3Ha'leHHH, yCJIOBHH 3KCnJIyaTa.QHH, npHHHTOH CHC-

TeMbI TeXHHqeCKOrO 06CJIy)l(HBaHHH H peMoHTa. TaKaH

KJIaCcHljJHKa.QHR,n:OJI)I(HanpoBo,n:HTbCH ,n:JIRTHnOBblX KOH-

CTPYK.QHH, MallIHH H 060py,n:oBaHHH o,n:HHaKOBoro Ha-

3Ha'leHHR, KaK 3TO c,n:eJIaHO, HanpHMep, ,n:JIRKapbepHblx

3KcKaBaTopoB, XHMHqeCKOrO H HeljJTexHMH'leCKoro 060-

py,n:OBaHHR,.D:JIHCTpOHTeJIbHbIX KOHCTpyK.QHH, 060py,n:oBa-

HHH aTOMHbIX :mepreTHqeCKHX yCTaHoBOK H ,n:pyrHx BH-

,n:OBTeXHHKH H OTpaCJIeH npOMbIIlIJIeHHOCTH.

~JIH KOHKpeTHoH TeXHH'leCKOH CHCTeMbI B Ka'leCTBe oc-

HOBHbIX napaMe1pOB ee TeXHH'leCKoro COCTORHHHB npo-

.Qecce 3KCnJIyaTa.QHH npHHHMaIOTCH:

V xapaKTepHCTHKH MaTepHaJIOB, TaKHe, KaK MeXaHHqeC-

KHe (npe,n:eJIbI TeKy'leCTH H npOqHOCTH, TBep,n:OCTb, Tpe-

I1.(HHOCTOHKOCTb,npe,n:eJIbI BbIHOCJIHBOCTH, ,n:JIHTeJIbHOH

npO'lHOCTH, nOJI3yqeCTH, OTHOCHTeJIbHOe Y.D:JIHHeHHeH cy-

)l(eHHe H T.,n:.); MHKpOCTpyKrypHbIe (pa3Mep 3epHa, HaJIH-

qHe MHKponop, ljJa30BbIx npeBpaI1.(eHHH H T.n.; XHMH'leC-

KHH cocTaB);

V K03ljJljJH.QHeHTbI 3anaCOB npO'lHOCTH (no npe,n:eJIaM

TeKyqeCTH, npOqHOCTH, nOJI3y'leCTH, xapaKTepHCTHKaM

TpeI1.(HHOCTOHKOCTH,'lHCJIy .QHKJIOBH BpeMeHH 3KCnJIyaTa-

.QHH, pa3MepaM TpeI1.(HH);

V TeXHOJIOrHqeCKHe nOKa3aTeJIH (TeMnepaTypa, ,n:aBJIe-

HHe H T.,n:.);

V peMOHTonpHro,n:HOCTb H B03MO)l(HOCTb npOBe,n:eHHH

MOHTa)l(HbIX pa60T;

V 3KOHOMH'lHOCTb 3KCnJIyaTa.QHH CHCTeMbI.

YKa3aHHbIe napaMe1pbI TeXHHqeCKOrO COCTORHHRHBJIH-

IOTCHHCXO,n:HOHHHljJopMa.QHeH .D:JIHpaCqeTHOH O.QeHKHno-

Ka3aTeJIeH npOqHOCTH, pecypca H 6e30naCHOCTH TeXHH-

'leCKHX CHCTeM Ha CTa,n:HH3KCnJIyaTa.QHH H yCTaHOBJIeHHH

nepHo,n:HqHOCTH H o6'beMoB TeXHHqeCKoro ,n:HarHOCTHpO-

BaHHH. MeTo,n:bI pacqeTa npe,n:eJIbHbIX COCTOHHHH, yCTa-

HOBJIeHHbIe CHHII, He npe,n:ycMaTpHBalOT HaJIHqHH Tex-



HOJIOrI1:t:[eCKJIXM p33BMTIDI 3KCIIJIyaTa~MoHHbIX .n:e<peKTOB,

t:[TO, KaK nOK33aHO BbIIlle, He 0TPa)KaeT peaJIbHOH cMTya-

~HH. PeaJIbHOe HaJIMt:[MeTeXHOJIOrHt:[eCKMX M 3KcnJIYaTa-

~HOHHbIX .n:e<peKTOBnpe.n:1>HBJIHeTnOBbIIlleHHble TPe60Ba-

HIDI K Hep33pYIllalO~eMY KOHTpOJIIO H CMCTeMaM TeXHM-

qeCKOH .n:MarHocTMKM.

KaK B o6cy)K.JJ:emm qaCTHbIX BonpocoB B, TaK M B KOM-

nJIeKCHbIX HCCJIe.n:oBaHIDIxnp06JIeM 6e30nacHoH 3KcnJIY-

aTa~MM o6opy.n:OBaHIDI, BbInOJIHeHHbIX no.n: 3rM.n:oH Acco-

~Ma~MM«KOMnJIeKCHaH onepaTMBHM .n:MarHocTMKa aBapMH-

HbIX cHrya~MH, npot:[HocTM, )KJiBY'IecTM M 6e30nacHocTM

MaIIIMH M KOHCTPYK~MH» (KO,Z:(AC) no.n: pyKOBO.n:CTBOM

K.B. <DpOJIOBa,H.A. MaxyToBa M .n:p., K CO)KaJIeHMIO,npe-

06JIa.n:aeTMexaHMCTHqeCKMH no.n:xo.n:. O~eHKa npMqMH 3a-

P0)K.n:eHMHM p33BHTMH onaCHoro .n:e<peKTaB OCHOBHOM.n:a-

eTCHC n03M~MH <pH3MKMM MexaHMKM p33pYllieHIDI. MeTaJI-

JIOBe.n:qeCKMHacneKT np06JIeMbI CHM)KeHIDI Ha.n:e)KHOCTM

M.n:OJIrOBet:[HOCTMo6opy.n:OBaHIDI HM3KOTeMnepaTYPHOHTex-

HMKMOCBe~eH rop33.n:o cJIa6ee M npeMMy~ecTBeHHO C no-

3M~MH aHaJIM3a KOHKpeTHbIX 3a.n:aq, pelliaeMbIX .n:JIHonpe-

.n:eJIeHHbIXyCJIOBMH3KCnJIyaTa~MM MJIMrpynn o6opy.n:oBa-

HIDI. TaKMM 06p330M, K HaCTOH~eMY BpeMeHM He c~e-

cTByeT p33pa6oTaHHoro e.n:HHoro no.n:xo.n:a K np06JIeMaM

B03.n:eHCTBIDI MeTaJIJIyprMqeCKMX <paKTOpOB M 3KCnJIyaTa-

~OHH1>IX <paKTOpOBpMCKa Ha CHM)KeHMeHa.n:e)KHOCTMM.n:OJI-

rOBeqHOCTM o6opy.n:OBaHIDI HM3KOTeMneparypHoro H33Ha-

qeHMH.
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