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MpennoxeH NoaxoA K OLEHKE OCTATOYHOMO pecypca TenoyCTOMYMBLIX CTanen,
OCHOBaHHbI Ha ornpeaeneHuy BpeMeHW BbiXoda Mop Ha rpaHuLy 3epeH C y4eTom
paboyeii TeMnepaTypbl, XMMUYECKOrO COCTaBa U CTPYKTYPbI UCCredyeMblX CTarnew.

KnioueBble crnosa: TEnnoycToluMeble CTanu, NapornpoBofbl, MOMN3y4ecTb,
npoAsieHne pecypca.

Mn. 4. Tabn. 1. bubnwuorp.: 7 Ha3B.
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The paper proposes a specific assessment of heat resistant steel residual re-
source which is based on time determination of pore output on grain boundary
with due account of an operational temperature, chemical composition and struc-
ture of the investigated steel.

Keywords: heat resistant steel, steam lines, creep flow, service life exten-
sion.

Fig. 4. Tab. 1. Ref.: 7 titles.

OnHy W3 OCHOBHBIX MpPOOJEM, ¢ TOYKH 3pEHHS HaJeKHOW M Oe30macHOi
9KCIUTyaTallud, TPEJCTaBIsIeT BBICOKOTeMIlepaTypHoe oOopynoBanne TOC,
00JbIIas 9acTh KOTOPOTO B HACTOSIIEE BPEMs SKCILTyaTHPYETCs 3a MpeaeIaMu
napkoBoro pecypca. Hanbonpliee orpannueHne pecypcea, 00yclIoBISHHOE U~
TEJIbHBIM BO3JICHCTBHEM BBICOKOW TEMIIEpaTypbl, XapaKTEpHO AJIs 3JIEMEHTOB
MaponpoBOIOB W KOTJIIOB, W3TOTOBIEHHBIX M3 TEIUIOYCTOMUMBBIX CTajer
12X1IM® u 15X1M1®. IlepBoHauanbHO OONBLUIMHCTBO MAPOMPOBOJOB Paccyu-
ThIBAIM Ha pecypc 10° 4 mpu paboueii TemIepaType, HO [0 Mepe MPUOITHKEHHS
K BBIpAOOTKE PAacUeTHOTO pecypca paboduyio TeMmepaTypy MaporpoBOJIOB CHU-
’Kalld, 4TO MO3BOJIMJIO MPOMJINTh UX JaJbHEHIYIO JKCIUTyaTauuio. B HacTosiee
BpeMs TMOYTH MOJOBHMHA MapOIPOBOJOB, M3TOTOBICHHBIX U3 cranei 12X1MOD
u 15X1IM1®, sxcrnyaTupyroTcs 3a MpeAesiaMu NapKOBOIO pecypca, B HEKOTO-
PBIX ciTydasx HapaboTKa MaponpoBOIOB cocTaBisieT nmopsiaka 250-300 Teic. u.

VYcnous GUHAHCOBOTO M MHBECTHIIMOHHOTO KpH3HCa HE MO3BOJISIIOT 00ec-
MEYUTh MACCOBOE 3aMeIleHHe W3HOIIEHHOTO O0OpYAOBaHUS, IOATOMY CpPOK
CITy>KOBI JICHCTBYIOILEr0 00OPYIOBAaHUS CTAPAIOTCS MPOAJIUTH B Mpeesax BO3-
MOXHOM Oe30macHOM sKcIuTyaranuu. B mporecce IIUTENTbHOTO UCIOIb30BaHMS
Ha psfe MapompOBOIHBIX TPYO M WX THYTHIX yJacTKaX HAONIONAETCs sSBIICHHE
noj3y4yectu. B pe3ynbraTe pa3BUTUS MOJI3YYECTH YBEIMYUBAETCS AUAMETP H
YMEHBIIAETCS TONIIMHA CTEHOK TPyO. JIMTenbHas 3KCIUTyaTanusi B YCIOBUSIX
MOJI3Y4ECTH TPUBOJUT K HAKOIUICHHIO B METaJie TMOBPEXKACHUN B BUJE TIOP
u paspeixiieHnid. Kak mpaBuio, nporecc nopoodpa3oBaHus HAUMHACTCS B KOHIIE
BTOpOIi cTaauu moisyuectu (puc. 1) [1].
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Puc. 1. IlopooOpa3oBaHue Ha CTaJUAX MTOJI3y4ECTH

YcraHOBIIEHO, YTO B pe3yiibTaTe JIUTEIbHOW SKCIUTyaTaluy NpU TeMIiepa-
typax 550-570 °C u pabouux HanpspkeHusx 40-70 MIla B metaiuie mapornpo-

-2
BOJHBIX TPYO IO I'paHUIAM 3€PEeH KOJHUYECTBO MOP JOCTUTACT 10%-10° Mm%,
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a ux pasmep usmensiercs ot 0,05 mo 8,00 mxm. Takoe moBpexaeHHEe MaTepuana
MPUBOIUT K CHIDKCHHUIO CIYXEOHBIX CBOMCTB, a MPH HAKOIUICHUH MHKPOIIOP,
MPUBOJIAIIEM K CHIDKEHHIO IUIOTHOCTH MaTepuaia Ha 1—2 %, BBI3BIBACT €ro pas-
pYLIEHHE HW3-3a WCYEpIaHMs 3amaca JJIUTENbHOW mpo4yHocTH [2]. PacuerHsbiit
CPOK CITY’KOBbI BBICOKOTEMIIEPATYPHBIX MaPOIPOBOAOB YCTAHABIUBACTCS HCXOMS
Y3 HaKOIUICHHS IUTACTUYECKOW aedopManvy 10 OIpeNelIeHHON BEeTNIHHBI
B IIPOLIECCE MON3YUYESCTH U CHIKEHUS ATTUTENbHON MPOYHOCTH [3].

B cooTBeTcTBUU ¢ ACHCTBYIOIIEH MHCTPYKLUEH MO KOHTPOJIIO 3a METAIIIOM
MapoNpPOBOIHBIX cTajei [4] mpemycMOTpeH 3amep OocTaToYHOW medopMaru,
KOTOpasi He TOJDKHA MPEBBIMIATE IS MPSAMBIX TpyO u3 ctamu 12X1M® — 1,5 %,
npyrux Mapok craieid — 1,0 %, ruboB u3 Beex craneit — 0,8 %. IIpu oTcyrcTBUM
JTAHHBIX U3MEPEHUH B IICXOJHOM COCTOSIHUHM OIIeHKAa TOAHOCTH TPYO K JaibHEH-
1Iel 3KCIUTyaTaluy MPOU3BOJUTCS TI0 CKOPOCTH MOM3YYECTH, KOTOpasi I CTaJIH
12X 1M® ne nomkHa npesbimath 1,5 - 10°° %/u, a 115t Tpy6 U3 APYrUX CTAICH —
1,0 -107° %/u.

CornacHO KpUTEpHsSIM OLEHKH COCTOSIHHSI MeTajula MaporpoBoJIoB, pabora-
IOIUX B YCIIOBHAX MONI3Y4ecTH [4], KONMWYIECTBO MOp, OPUEHTHPOBAHHEBIX B BUIE
LETNOoYeK 10 TPaHUIaM 3€pEeH, He JOJKHO MPEBBIIATh MSTH IITYK B OJTHOM I0JIE
3penus npu yeenumdeHuu 1000 kpat. IlpakTuka mokaszana, 4TO MapONPOBOJBI
AKCIUTYaTHUPYIOTCS TIPY Pa3HBIX TeMIepaTypax W HarpsbkeHusx. [lpu sTom B of-
HUX CIIy4YasX OMpPEeNIIONINM SBISACTCS MpeJiel MOI3yYecTH, B IPYTUX — Ipeaet
JUIMTENBHON mpouHocTH. OHAKO BO BCEX BapuaHTax pa3pylIeHHE WUICT 10 Me-
XaHU3MY TIOI3y4YEeCTH — MEPeCcTPOiKa MUCIOKAIIMOHHOW CTPYKTYPHI M IMPOIECC
nopooOpazoBanust. Ha npsmbIx ydacTkax TpyO OmpenessionuM SBIsieTcs mpe-
JIeNT TIOJI3YYECTH, Ha THYTBIX — Mpeaes JIUTeNsHOM nmpouHocTH. [loBpexmenue
TpyO H3-3a MOJIBYYECTH HAUYMHAETCA C HAPY>KHOW MOBEPXHOCTH W XapaKTepU3y-
€TCSl MEX3EepPEHHBIM pacTpecKkuBaHuem [1].

Juisa mpenymnpexaeHns MOBPEXKISHUN W TPOIJICHHS pecypca HeoOX0IuMO
MIPOTHO3UPOBATH COCTOSIHUE MeTallla. B HacTosIee BpeMs CyIIecTBYeT psia Me-
TOJIMK TPOTHO3UPOBAHHUSI COCTOSIHUSI METalula M OLEHKH OCTaTOYHOTO pecypca
MIPH TIOJI3YYECTH, B COOTBETCTBHH C KOTOPHIMH MPOTHO3 M OIIEHKA OCTATOYHOTO
pecypca OCYIIECTBIISIFOTCSI MCXOMS M3 IOJIOKEHWH, YTO pa3pylleHue HaCTy-
MaeT Mpu:

e CPaBHEHWH TIPUBEACHHBIX HANPsHKEHUH, JEUCTBYIOIINX B METaJIE, C Mpe-
JIEJIOM JUTUTEITFHOU POYHOCTH;

e ICYEPIIAHNH JIOTTyCTUMOMN OCTaTOYHOH JiehopMaIum;

e CKOPOCTH TIOJI3YYECTH BBIIIE JIOMTYyCTUMOIH;

e OIIPE/ICTICHHOM KOJMYECTBE MUKPOIIOP TI0 HAPYKHOW MOBEPXHOCTH.

OcHOBHBIME (DaKTOpaMH, BIUSIOIMIMMH Ha CKOPOCTH MOJ3YYECTH U TPOIIECC
Mopoo0pa3oBaHus, SIBISTIOTCS HANPSDKEHHE, TeMIIepaTypa, XUMIYECKUI COCTaB U
CTpyKTypa MaTepuana. B [5] OblIM mosydeHBl pacueTHbIE 3aBHCHMOCTH KO3(-
¢unmentoB camoauddysun craneir 12X1MD u 15XIMI®D ot temmneparyps
M XHMHYECKOT0 cocTaBa (puc. 2).

AHaiu3 Moy4YeHHOH AuarpaMMsl (puc. 2) HOATBEPKAAET, UTO TEMIepaTypa
UMeEeT OMpeJesIoNee 3HAUYeHHE IPH BBICOKOTEMIIEPATYpHON ITOJI3YYECTH.
Kpome Toro, BumHo, uto koadduuumentsr camoauddysun cranmm 15X1M1O
MeHbIne, yeM 12X1M®, yto 00ycnoBieHO 00jee BEICOKUM COJIEpKAHHEM XPO-
Ma ¥ MOJINOJIeHa, KOTOPBIE OTHOCSTCS K TYroIIaBKMM MeTauiam. Hanndue 3tux
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AIIEMEHTOB B COCTaBE CIUIABA SIBJSICTCSI OJHOW M3 MPHYHMH, 00YCIOBIMBAIOIINX
CHIDKeHHE Kod(ppunreHTa camoaudppysuu.
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Puc. 2. PacyeTHble 3aBUCHIMOCTH KO3 PHUIHUEHTOB caMoaAnpPy3uu
HapONPOBOJIHBIX CTAJICH OT TeMIepaTypsbl

OpHako CTOMKOCTh MaTEpHANIOB HPU BBICOKOM TeMIlepaType OINpeAeseTcs
HE TOJBKO mapamerpamMu Huddy3ur, HO U CTPYKTYPHBIM COCTOSIHUEM MeTalia
WIH CIUIaBa, €ro CyOCTPYKTYpOM, BEIMYMHOW 3epHA U HAIMYHEM JHCIEPCHBIX
BBIJICIICHUI BTOPBIX (pa3. B MeTannoBeeHUN eCTh MOHATHE MPEIEIBHOTO YPOB-
Hs1 audy3HOH NMOABIKHOCTH 7eMeHTOB B ciutaBe. Korga 3Hauenue nuddys-
HOW TOABMXKHOCTH aTOMOB JOCTUTaeT B CIJIaBE ONPEACICHHOW BeTUYH-
HbI, CIUIaB HAYMHACT MHTCHCHUBHO PAa3yNpPOUYHATLCA IO HeﬁCTBHCM TeMIICpary-
pel. YcraHoBlieHO, uTO ecid ko3ddunuent camomuddysun (Dgy) 376MEHTOB
CIUIaBa HaXOJUTCS HA YPOBHE 10" wam 10 em%c, To crumaB okassiBaeT 10cTa-
TOYHOE COIPOTHUBIICHHE TUIacTU4ecKoi aedopmanuu. Ecmu koaddumment ca-
MoIU(pPYy3UH BBIIIEC STHX 3HAUCHHUMN, TO CIIJIAB HAYMHACT HHTCHCUBHO Pa3ynpoy-
HATBCS [6].

W3 cTpyKTYpHBIX apaMeTPOB HAaUOO0JIEEe CHILHOE BIMSHUE HA CKOPOCTh BbI-
COKOTEMIIEpATYPHOH TOJI3Y4eCTH OKa3bIBaeT pasMep 3epHa. [1o coBpeMeHHBIM
MpeJCTaBICHUIM, pa3pylIeHne B MPOIECCe MOJI3YUYECTH MOJrOTaBIMBACTCS IO~
crerieHHo. [Iporiecc HaKOTUIEHHSI TIOBPEXKICHUH B METAJJIE MOXHO MPEJCTaBUTh
B BUJIC CYMMBI JIBYX DJIEMEHTAPHBIX MPOLIECCOB: 3aPOXK/ICHUE HOBBIX TIOP U POCT
yke oOpazoBaBiHuxcs. [lepBbie TOPbI OOBIYHO MOSIBISIOTCS HA TPAHUIAX 3EPEH,
PACIONIOKEHHBIX TEPICHAUKYJIAPHO MAKCHUMATbHBIM HOPMAJIbHBIM PacTATHBA-
IOIIMM HampspkeHusM. [1o rpaHunaM 3epeH CKopocTh AU Gy3un 3HAYUTEITBHO
MpeBBIIaeT CKOPOCTh Auddy3un B Tene 3epHa. YCTaHOBICHO, YTO KO3 DHUIHU-
eHT camoaudysuun Dy 10 rpaHuiiaM 3epeH 0OBIYHO Ha J[Ba MOPSIKA BBIIIC, YeM
B Tene 3epHa [6]. CiiemoBaTeNnbHO, IS UCCIEAyeMbIX aBTOpAMU CTajieit OH CO-
CTaBJISIET MOPSIAKA 107 cm?/c. DTo CBA3aHO ¢ MEHBIIMMH 3HAYEHUAMU SHEPTUU
akTuBanuu Q, 4TO yKasbIBaeT Ha OCIa0JICHHE SHEPTHH CBSI3M aTOMOB IO TPaHU-
1[aM IO CPAaBHEHHIO C TEIOM 3epHa. [10 3THM TrpaHHIlaM B JalbHEUIIEM MPOUC-
XOJIUT HanOoJiee MHTEHCUBHBIA POCT NOP (3a cuer ux ciusHus u quddysun u3
Tella 3epHa) U INepepacTaHue WX B TPEMUHBL. [103TOMYy B YCIIOBHSX BBICOKHX
TEeMIIeparyp NMPUMEHEHUE KPYIMHO3EPHUCTBIX CTaled CIIOCOOCTBYET yMEHbIIIe-
HUIO NPOTAKECHHOCTHU I'paHUI] 3€PEH U CHUXKCHUTIO ITOJISYUCCTH.
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Ha ocnoBanuu mnomydeHHod B [5]
3aBrcUMOCTH Dgy = f(t) MoxHO orleHHMTE [pannua
OCTATOYHBIA PECypC HUCCIAEAYEMBIX CTa- 3epHa
Jel ¢ yuyeToM pasmepa 3epHa. PaccMoT-
puM cxeMmy pacdera pecypca (puc. 3).
IIpennonoxum, 4To BpeMsi HCUEpIIaHUs
pecypca HacTymaeT B MOMEHT BBIXOJa
[Op Ha TPAHUILy 3€peH, T. €. Opu X = I
(r;[e I — cpeanuii paauyc 3epHa). Puc. 3. Cxema ams pacdera pecypca

Tprmem MapOTIPOBOIHBIX CTANCH }
) B YCJIOBHSIX BRICOKOTEMITEPATyPHOI
D — X MOJI3y4YeCTH
sd — 7 _ 1
T
OTKy/a

X =Dy,

r7ie X — IepeMelleHue mop, CM; T — BpeMs IiepeMelleHus 1mop, C.

B cootBerctBuu ¢ 'OCT 20072—74 pexomeHayeMasi HOMUHAIbHAS BEJIUYU-
Ha 3€pHa J0JDKHA ObITh He KpynHee 5 6amioB. Kak npasuio, npuMeHseMble cTa-
T UMEIOT pa3mep 3epHa oT 3 a0 5 6amtoB. Ctanb ¢ MEHBIIUM 3€PHOM OTJINYA-
eTcs MOHWKEHHOH YKapoIpOYHOCTBIO, & C OOJIBIINM — MOHWKEHHOW AITUTEIBHOM
m1acTHIHOCTHIO [7]. Pasmepst 3epHa mo 'OCT 5639-82 npusenens! B Tadun. 1.

Tabnuya 1
VY CJI0BHBII JHAMETP 3epHA, COOTBETCTBYIOIIHIT dTasioHaM mKaabl G (-3) — 14
Howmep 3epua G Cpenuwuii tuamerp 3epHa d, Mm Cpennuii pagnyc 3epHa I, cM
1 0,250 0,01250
2 0,177 0,00885
3 0,125 0,00625
4 0,088 0,00440
5 0,062 0,00310
6 0,044 0,00220

IMpumeyanue. K KpymHO3EPHHUCTBIM CTaIssM NPHHSATO OTHOCHTH CTAIH C PasMEPOM 3epHa
110 6 OaIoB.

C y4eToM BBIIIECKA3aHHOTO OBLIM ITOCTPOEHBI 3aBUCHMOCTU TEPEMEIICHUS
op X OT BpeMeHu T 4jist ctaii 12X 1M® npu pa3nuaHbIX Temneparypax (puc. 4).

0,009 - 600 °C

X, oM 590
0,007 -
0,006 -
0,005+ 4 fanma

0,004 4 M 560, 550
0,003 ] S Gannon —— | 540
0,002 1

0,001 . . ] ‘ . ‘ ‘ . . ‘ : .
100 140 180 220 260 THIC. 4 340

3 Gana 580

570

Puc. 4. 3aBUCUMOCTb TTepEMEILIEHHS IIOP OT BPEMEHU
utst cranu 12X 1M® npu paznuyHbIX TeMIepaTypax
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BBIB O I bI

1. IlpemioskeH MOAXOM K OLIEHKE OCTATOYHOI'O Pecypca TeII0yCTONYNBBIX
CTajieil, OCHOBaHHBIN Ha OMPEJCICHUHN BPEMEHHU BBIXOJIa TIOpP Ha T'PAaHHUILY 3€PEH
¢ yueToM pabodeil TeMIiepaTypbl, XHMHYECKOTO COCTaBa M CTPYKTYPHI UCCIIEIy-
€MBIX CTaJICH.

2. [IpuBenicHHAs METOIMKA HE YUUTHIBACT HAMPSHKCHUS, TIOOTOMY MOXET HC-
MOJIH30BATHCS TOJIBKO NIJISi OIICHKU pecypca MPSIMBIX Y4acTKOB MapOIPOBOJIOB
MIPU NOCTOSHHBIX HAMPSDKCHUSIX.
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