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The aging of the stock of equipment, including the cryogenic one, connected
with the exhaust of its operating life, makes a challenge of searching for the
possibility of prolongation of its operation beyond the calculated service
period. For this purpose it is necessary to develop a scientifically based
technique of the control of actual condition of the equipment instead of its
evaluation according to weighted average mechanical characteristics, that
doesn't consider peculiar features of operation, influence of the repairs
carried out and modernization, and peculiarities of materials properties
alteration at low temperatures.

np06JIeMbI npOMbIllJJIeHHOH6e30naCHOCTH, oxpaHbI TPy-

,lI,a,CHIDKemrn aBapHHHOCTHHTpaBMoonaCHOCTH npOH3BO,ll,-

CTBa oc060 OCTpO BCTaJIH B nOCJIe,ll,Hee,lI,eC5ITHJIeTHe[2,

10]. 3TO CB5I3aHOC pe3KHM cTapeHHeM napKa 060pY,ll,OBa-

HH5I,OTcyrcTBHeM ero nJIaHOBbIX peHoBa~HH, nOBTopHbIM

BBe,ll,eHHeM OT,lI,eJIbHbIXarperaToB H npOH3BO,ll,CTBB ~e-

JIOMB 3KCnJIyaTa~H1o nOCJIe.u;IHTeJIbHbIX, HHOr,ll,aMHoro-

JIeTHHX npocToeB [13, 14].

no ,lI,aHHbIM [IO],,lI,O 75 - 80 % napKa OCHOBHbIXnpOH3-

BO,ll,CTBeHHbIXCpe,ll,CTB B POCCHHCKOH <1>e,ll,epa~HH y)Ke

HC4epnaJIH paC4eTHbIH CpOKCJIy)K6bI HJIHnpH6JIH3HJIHCb K

ero 3aBepweHHIO. 3T0 npHBeJIO K CHIDKeHHIOHa,ll,e)KHOCTH

H nOBbIweHHIO aBapHHHOCTHHa npOH3BO,ll,CTBe,pocry 4HCJIa

aBapHH C T5I)KeJIbIMH nOCJIe,ll,CTBH5IMH,B 4aCTHOCTH C 4e-

JIOBe4eCKHMH )KefYfBaMH. TaKa5I cHrya~H5I He Moma He

npHBJIe4b BHHMaHH5InpaBHTeJIbCTBa, H B 1997 r. 6bIJI npH-

H5IT<1>e,ll,epaJIbHbIH3aKOH«0 npOMbIllJJIeHHOH 6e30nacHo-

CTH onaCHbIX npOH3BO,ll,CTBeHHbIx06beKToB», pemaMeH-

THPYIOI.l.\HHHOBbIe nO,ll,XO,ll,bIK BonpocaM 6e30naCHOH 3KC-

nJIYaTa~HH H CpOKOBCJIY)K6bI060PY,lI,OBaHH5IonaCHbIX npo-

H3BO,ll,CTB.C 1997 r. Ha4HHaeTC5I nepecMoTp BceH HopMa-

THBHO-TeXHH4eCKOH,lI,0KYMeHTa~HHno BonpocaM 6e30nac-

HOCTHH oxpaHbI Tpy,ll,a Ha onaCHbIX npOH3BO,ll,CTBax.Poc-

CH5I npHHHMaeT Ha ce651 06513aTeJIbCTBO npHBecTH Bce

CHCTeMbI npOMbIWJleHHOH 6e30nacHocTH B COOTBeTCTBHe

C Me)K,lI,yHapO,ll,HbIMHHopMaTHBaMH, nepe4HCJIeHHbIMH B

CTaH,lI,apTe I1CO 9001.

TeM He MeHee Ha npe,ll,npH5ITH5IXonaCHbIX npOH3BO,ll,CTB

CeBepo-3ana,ll,HOrO cPe,ll,epaJIbHOrO oKpyra, no ,lI,aHHbIM

rnaBHOH rocy,ll,apCTBeHHOHHHcneK~HH no oxpaHe TpY,ll,a,3a

nepHO,ll,C 1999 no 2003 r. 4HCJIOaBapHH npeBbICHJIO 9000,

nPH 3TOM nom611H 340 4eJIOBeK H eI.l.\e963 nOJIy4HJIH HH-

BaJIH,lI,HOCTbHJIH npocPeccHOHaJIbHble 3a60JIeBaHH5I. B ~e-

JIOMno CTPaHelfHCJIOaBapHH B npOMbIllJJIeHHOCTH B 2001 r.

BbIpOCJIO no cpaBHeHHIO C 1999 r. 60JIee 4eM B nOJITOpa

pa3a, npHlfeM OKOJIO70 % Bcex aBapHH cOBepWaIOTC5I no

BHHe H3HOllJeHHoro 060p)'.ll.OBaHH5I,CHIDKeHH5IHa,ll,e)l(HOCTH

H pa60Tocnoc06HoCTH MaTepHaJIOB, npHMeH5IeMbIX npH ero

H3rOTOBJIeHHH. 3T0 nOTpe60BaJIO pa3pa60TKH npHH~HnH-

aJIbHO HOBbIX nO,ll,XO,ll,OBK BonpocaM KOHTpOJI5IMeTaJIJIa

060pY.D.oBaHH5I,nepeOCMbICJIeHH5IllJHpOKOH3BeCTHbIXKJIac-

CHlfeCKHX pa60T no BonpocaM MeTaJIJIOBe,ll,eHH5Iymepo-

,lI,HCTbIXH JIerHpOBaHHbix CTaJIeH C Y4eToM oc06eHHocTeH

HX 3KcnJIYaTa~HH B 90-e rO,ll,bI 20-ro BeKa H B HaCT05II.l.\ee

BpeWi [13, 1 H ,lI,p.], n03BOJI5IIOI.l.\HXnOBbICHTb Ha,ll,e)KHOCTb

HH3KoTeMneparypHoro 060pY,ll,OBaHH5I.

np06JIeMa np0,ll,JIeHH5Ipecypca KpHoreHHblx CHCTeM5IB-

JI5IeTC5IO,ll,HOHH3 HaH60JIee B~HbIX 3a,ll,a4 KpHoreHHoro

MeTaJIJIOBe,ll,eHH5IH B HaCT05II.l.\eeBpeM5I 3aTparHBaeT ~e-

JIbIH p5I,lI,OTpaCJIeH060pOHHOH H rpa)K,ll,aHCKOHHanpaBJIeH-

HOCTH: 3TO paKeTHbIe KOCMH4eCKHe cTapToBbIe CHCTeMbI,

KpH03HepreTHKa, npe~H3HOHHa51TeXHHKa H TeXHHKa cPH3H-

KH BbICOKHX 3HeprHH, CHCTeMbl no OlfHCTKe H C)KH)KeHHIO

ra30B. B rpa)K,ll,aHCKHX OTpaCJI5IXHMeHHO CHCTeMbI 04HCT-

KH H C)I(H)I(eHH5I ra30B 5IBJI5IIOTC5IHaH60JIee KpynHbIMH H

,lI,OpOrOCT05lI.l.\HMHTeXHOJIOrH4eCKHMH 06beKTaMH, 3aMe-

Ha KOTOpbIXnOTpe60BaJIa 6bI MHOroMHllJIHOHHbIX KanHTa-

JIOBJIO)KeHHH[2, 6, 10, 11].

HeCMOTp5I Ha Pa3JIH4HbIe Ha3Ha4eHHe H yCJIOBH5I3Kcn-

JIyaTa~HH, 60JIbwyIO 4aCTb BcnOMOraTeJIbHOrO 060py,ll,0-

BaHH5IKpHoreHHbIx yCTaHoBOK H3rOTaBJIHBaJIHH3 HH3Koyr-

llep0,ll,HCTbIX CTaJIeH,a OCHOBHOro- H3 KpaHHe orpaHH4eH-

Horo cneKTpa MaTepHaJIOB, OCHOBHyIO,lI,OJIIOKOTOpbIX co-

CTaBJI5IJIHcTa6HJIbHbie aycTeHHTHble CTaJIH(CAC) Ha 6a3e



Cr-Ni H Cr-Ni-Mn KOMn03H~HH. ITpHMeHeHHe CAC B KpHO-

reHHKe 6bIllO 06yclloBlleHo, CO,UHOHCTOpOHbI, H3}"-1eHHoc-

TbIO nOBe,UeHH5I3THX MaTepHaJIOB B 0611acTH TeMneparyp

77 ...293 K, BbICOKOHcTa6HllbHoCTblO HX CTpyKrypbI H 3KC-

nJIYaTaI..\HOHHOHHa,Ue)J{HOCTbIOB 3TOMTeMneparypHoM ,UH-

ana30He (3TO n03BOllHJ10npH MHHHMH3a~HH 06beMa ,UonOll-

HHTellbHbIX HCClle,UOBaHHHpeKOMeH,UOBaTbHX B Ka4eCTBe

MaTepHaJIOB ,U1l51TeXHHKH )J{H,UKOro Bo,Uopo,Ua H rellH5I C

TeMneparypoH 20 H 4,2 K COOTBeTCTBeHHo);C,UpyroH CTO-

POHbI, OTcYTcTBHe OnbITa 3KCnJIyaTa~HH TaKoro 060py,U0-

BaHH5IHe n03BOllHJ104eTKOC<pOPMYJIHpOBaTbHe06xo,UHMble

Tpe60BaHHjI K CTaJIjlM H cnllaBaM KpHoreHHoro Ha3Ha4e-

HH5I,4TO 3Ha4HTellbHO TOPM03HllO pa3pa60TKy Cne~HaJIb-

HbIX MaTepHaJIOB.

HaYLfHo-TexHH4ecKHH nporpecc HH3KOTeMneparypHoro

MaUIHHOCTpOeHH5IB XXI B. HeB03MO)J{eH6e3 peWeHH5I npo-

611eMbIpa3pa60TKH HOBbIX, 6011ee cOBepweHHblx MaTepH-

aJIOB ,UJ1j1BHOBb C03,UaBaeMoro KpHoreHHoro 060py,UoBa-

HHjI H YBellH4eHHjI pecypca, 3KCnJIYaTa~HOHHoH Ha,Ue)J{HO-

CTHH 6e30nacHocTH 3KcnnyaTa~H MaTepHaJIOBcyIl(eCTBy-

IOIl(HX MaWHH H MexaHH3MOB HH3KoTeMneparypHoro Ha-

3HaLfeHHjI. He06xo,UHMa pa3pa60TKa Hay4Ho 060cHoBaH-

HOHMeTO,UHKHKOHTpOlljl <paKTHlJeCKoro COCTOjlHHjIKpHO-

reHHoro 060py,UoBaHH5I H o~eHKH B03MO)J{HOCTHero 3KC-

nllyaTa~HH 3a npe,UeJIaMH pac4eTHoro cpoKa cllY)J{6bI.

PeweHHe :HOH np0611eMbI YCJIO)J{HjleTC5IKaK OTHOCHTellb-

HOH MOllO,UOCTbIO0TPacllH H CBjl3aHHbIM C 3THM OTCyT-

CTBHeM npaKTH4ecKoro OnbITa 3KcnJIYaTa~HH arperaToB,

oTpa60TaBwHX pac4eTHbIH pecypc, TaK H KpaHHe pa311H-

LfaIOIl(HMHC5I YCllOBHjlMH 3KcnllyaTa~HH H Ha3HaLfeHHeM

060py,UoBaHHjI. )J;o HaCTOjlIl(erO BpeMeHH He y,UaJIOCbCO-

3,UaTb,UOCTOBepHyIO6a3Y ,UaHHbIX06 H3MeHeHHjlX, npOTe-

KaIOIl(HX B MaTepHaJIaX KpHoreHHoH TeXHHKH B xo,Ue ,UllH-

TellbHOH 3Kcn.nyaTa~H npH 4,2 ...20,4 K, H onpe,UellHTb BllH-

51HHepa311H4HbIX 3KcnJIYaTa~HoHHbIX TeXHOllorH4eCKHX

<paKTopOBHa 3TH npO~eCCbI.

CyIl(eCTByIOIl(He MeTO,UbInporH03HpOBaHH5I OCHOBbIBa-

IOTCjI B OCHOBHOMHa npOlJHOCTHbIX paC4eTax, HCXO,UHble

,UaHHble ,U1l51KOTOpbIX BbI6HpaIOT MeTO,UOM3KCTpanOlljl-

I..\HHH3MeHeHHH HCXO,UHbIXCBOHCTBMaTepHallOB B 3aBHCH-

MOCTHOT cpOKa HX cllY)J{6bI [8, 11]. ITPH 3TOM B xo,Ue 3K-

cTpan01l5l~HH BBO,UHTC5I,UonyIl(eHHe 0 HeH3MeHHOCTH <pa-

30Boro COCTaBaMaTepHaJIa B Te4eHHe Bcero cpoKa CllY)J{-

6bI H nllaBHoro, MOHOTOHHoro H3MeHeHHjI ero MexaHH4ec-

KHX CBOHCTBnpH nOHJ1)J{eHHHTeMneparypbI. TaKHe ,Uony-

Il(eHH5I cOBepweHHo CnpaBe,UJ1HBbI,U1l51TeMneparypHoro

,UHana30Ha 77 ...293 K, O,UHaKOnpH 6011ee HH3KHX TeMne-

parypax HX npaBoMepHocTb ,UOCTaT04HOcnopHa. B 0611a-

CTHHJ1)J{e77 K B CTpYKTYpe ,U~e xopowo H3BeCTHbiX xpo-

MOHHKelleBblX CTaJIeHB03MO)J{HbInpeBpaIl(eHHjI, npHBO,Ujl-

Il(He K pe3KoMy aHOMaJIbHOMYH3MeHeHHIO HX MexaHH4ec-

KHX CBOHCTB.TaK, H3MeHeHHe MexaHHLfeCKHX CBOHCTBH

MafHHTHoH npoHH~aeMocTH CTaJIH 12X 18H 12T B ,UHana-

30He TeMneparyp 293 .. .4,2 K CB5I3aHOC TaK Ha3bIBaeMbI-

MH <pa30BbIMH npeBpaIl(eHH5IMH IT po,Ua (<pa30BbIMH Mar-

HHTHbIMH npeBpaIl(eHHjlMH [5, 9]). O,UHaKo B CllY4ae xpo-

MOHHKelleBblX CTaJIeH H3MeHeHHe CBOHCTBnpH <pa30BbIX

MarHHTHbIX npeBpallleHH5IX OTHOCHTellbHOHeBeJIHKO,H npH

ycpe,UHeHHblx pac4eTax 3anaCOB np04HocTH, nJIaCTH4HO-

CTH H Bjl3KOCTH MaTepHaJIOB 060py,UoBaHHjI MO)J{eT 6bITb

Y4TeHo nyTeM nOBblweHIDI K03<P<PH~HeHToB3anaca. B Tex

crryqajlx, Kor,Ua C ~eJIblO 3KOHOMHHHHKeJIb B CAC 4aCTH4-

HOHJIH nOllHOCTblO 3aMeHjlIOT MapraH~eM, TaKHe ,UonYllle-

HH5IMOfYT npHBecTH K nOjlBlleHHIO MarHHTHbIX npeBpaIl(e-

HHH, B pe3YJIbTaTe KOTOpbIX npH TeMneparypax nOpjl,UKa

50 K B03HHKaeT cTpyKrypa THna «y-MapTeHCHT» (rJ..U( pe-

weTKa C TeTparOHaJIbHbIMH HCKa)J{eHHjlMH). KaK Clle,U-

CTBHe, cKa4K006pa3HO CHJ1)J{aIOTCjInJIaCTHlJHOCTb H Bjl3-

KOCTb MaTepHaJIa, yqecTb KOTopble YBellH4eHHeM K03<p-

<pH~HeHToB 3anaca npH np04HocTHbIX pac4eTax y)J{e He

npe,UCTaBJIjleTCjI B03MO)J{HbIM [4, 15].

KpoMe Toro, no,U06Hble pac4eTHble cxeMbI 3a4acryIO

HrHopHpYIOT TeXHOJIOrHlJeCKHe oc06eHHocTH 3KCnJIyaTa-

~HH TOH HJIH HHOH yCTaHoBKH KpHoreHHoro Ha3Ha4eHH5I,

npoBe,UeHHe Ha HeH Pa3JIH4HbIX peMoHTHbIX pa60T H MO-

,UepHH3a~HH, KOTopble MOfYT pe3Ko H3MeHHTb BeCb KOMn-

JIeKC CTPYKTYpHbIX COCTOjlHHH H <pH3HKo-MexaHH4ecKHx

CBOHCTBnpHMeH51eMbIX MaTepHaJIOB [3, 7, 8, 12].

Pa3pa60TKa H BHe,UpeHHe ,UonOJIHHTeJIbHbIX KpHTepHeB

CTaJIH B03MO)J{HbI B nOCJIe,UHee BpeMjI 6JIaro,Uapjl 3HaLfH-

TellbHbIM ycnexaM B pa3BHTHH <pH3HKHMeTaJIllOB, HOBeH-

WHM ,UOCTH)J{eHHjlMMexaHHKH pa3pyweHHjI; cOBepweH-

CTBOBaHHIOpaClJeTHO-3KCnepHMeHTaJIbHbIX MeTO,UOBo~eH-

KH pecypca B CMe)J{HblX oTpacmlx, B 4aCTHOCTH B 3Hepre-

THlJeCKOM MawHHocTpoeHHH; C03,UaHHIOHOBbIX MeTO,UOB

H cpe,UcTB Hepa3pywaIOIl(erO KOHTpOlljl [15].

HH,UHBH,UYaJIbHOe,UHarHocTHpoBaHHe KpHoreHHoH Tex-

HHKHTpe6yeT:

\:f pa3pa60TKH MeTo,Ua ,UllHTeJIbHOrO nporH03HpOBaHH5I

xapaKTepHCTHK MaTepHaJIOBHa OCHOBeHCXO,UHOH(nacnoPT-

HOH)HH<popMa~ H o~eHKH <paKT~eCKOro COCTOjlHH5IMaTe-

pHaJIOB060py.uoBaHH51,OTpa6OTaBwero paC4eTHbIH pecypc;

\:f C03,UaHJ1j!npHH~HnHaJIbHO HOBbIX MeTO,UHKKOHTpOll51

<paKTHlJeCKOrOCOCTOjlHH5IMeTaJIJIa060py.uoBaHH5I, OCHOBaH-

HbIX B OCHOBHOMHa Hepa3pywaIOIl(HX MeTo,Uax aHaJIH3a.

)J;njl npoBe,UeHHjI no,U06HblX pa60T He06xo,UHMO yT04-



HI1Tb OCHOBHble 11pa3pa60TaTb ,lJ,OnOJIHHTeJIbHbIeKpHTe-

pl1l1 pecypca Kpl10reHHOrO 060pY,lJ,OBaHHSI.K 4HCJIy OCHOB-

HbIX CJIe,lJ,yeTOTHeCTH KpHTepHH Hecy~eH CnOC06HOCTH

060pY,lJ,OBaHHSI, npl1HSlTbIe B nOBep04HbIX paC4eTaX Ha

np04HOCTb, K 4HCJIy ,lJ,OnOJIHHTeJIbHbIX- KpHTepHH, on-

peneJISlIOI1.\He:COnpOTI1BJIeHHeMaJIOUHKJIOBOHH TepMH4eC-

KOHyCTaJIOCTH,neepOpMaUHOHHYIO H KOpp03HOHH)'IO CTOH-

KOCTb,COnpOTHBJIeHl1e xpynKHM pa3pyweHHSlM H Tpe~H-

HOCTOHKOCTb.B 3aBHCHMOCTH01' TOrO, KaKaSi rpynna 3KC-

nJIyaTaLJ,110HHbIXepaKTOpOBpHCKa XapaKTepHa ,lJ,JISI060py-

,lJ,OBaHI1S1,K HeMy He06xo,lJ,HMbIPa3JIH4HbIe nO,lJ,XO,lJ,H 06beM

I1CCJIe,lJ,OBaHI1H.

CYI1.\eCTBYIOI1.\HHKOHTpOJIb, 3KCnepTH3a H paC4eT OCTa-

T04HOrO pecypca 060pY,lJ,OBaHHSIOnaCHbIX npOH3BO,lJ,CTB,K

4HCJIYKOTOpblXOTHOCSlTCSIKpHOCHCTeMbI, ocy~eCTBJISIIOT-

CSIHa OCHOBaHHI1CpenHeB3BeWeHHbIX MeXaHH4eCKHX xa-

paKTepHCTHK 6e3 Y4eTa yCJIOBHH epaKTH4eCKOH 3KCnJIya-

TaLJ,HHMaTepHaJIa 060pY,lJ,OBaHHSIH TeX H3MeHeHHH, KOTO-

pble npOH30WJII1 C HHM B XO,lJ,e,lJ,JIHTeJIbHoro CpOKa CJIY)f(-

6bl. 3T0 BeneT K 3aBe,lJ,OMOHenOJIHOH oueHKe B03MO)f(HOC-

TeH MaTepl1aJIOB 060pY,lJ,OBaHHSI,nOBbIweHHIO ce6eCTOH-

MOCTI1npO,lJ,yKUI1H113-3a,lJ,OCp04HOH3aMeHbI 060pY,lJ,OBa-

HHSIJII160 K I1CnOJIb30BaHHIO060p)?l,OBaHHSI Ha rpaHI1 pHCKa

aBapl1HHOrO COCTOSlHI1S1.nepeXO,lJ, 01' paC4eTOB no Cpe,lJ,He-

B3BeweHHbiM 3Ha4eHI1S1MK MeTO,lJ,youeHKH epaKTH4eCKO-

ro COCTOSlHHSIMeTaJIJIa 060pY,lJ,OBaHI1S111ero OCTaT04Horo

pecypca, OCHOBaHHoMy Ha npOBe,lJ,eHHHnpSlMbIX HCCJIe,lJ,O-

BaHI1H epI13I1KO-MexaHH4eCKHX CBOHCTBH KOpp03HOHHOH

CTOHKOCTI1onaCHbIX 30H, cnoc06eH 3Ha4HTeJIbHO nOBbICHTb

CpOKCJIY)f(6bI060pynoBaHHSI, YMeHbWHTb epHHaHCOBbIe3aT-

paTbI Ha OTe4eCTBeHHbIX npe,lJ,npHSlTI1jIX.

nO,lJ,06HaSi 3a,lJ,a4a pewaeTCSI 11 B ,lJ,pyrHx CTpaHax. B

COBpeMeHHbIXHopMaTHBHblX ,lJ,OKyMeHTax3ana,lJ,HbIXcrpaH,

TaKI1X, KaK «AHaJlI13 BH,lJ,OBKpHTI14eCKHX OTKa30B» (CIlIA)

I1JII1«COCy,lJ,bl no,lJ,,lJ,aBJIeHl1eM.CxeMa cepTHepl1KaUHH 11

npOMbIWJIeHHOH 6e30naCHOCTI1» (EC), TaK)f(e nOCTaBJIeHa

3a,lJ,a4a n03TanHoro nepeXO,lJ,a 01' Cpe,lJ,HeB3BeweHHbIX K

peaJIbHblM cBoikTBaM MeTaJIJIa 060pY,lJ,OBaHI1S1npl1 pac-

4eTe ero OCTaT04Horo pecypca.
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