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IIposedeno excnepumenmanvhi OOCIONCEHHS. 6NAUBY BUCOKOMEMNEPAMYpPHOL nepexpucmanizayii Ha nooos-

Jrcennsi pecypcy OypuibHux mpyo na ix zaeepuianvHomy emani excnayamayii. Ha ocnosi ananizy excnepumenmaib-
HUX 0GHUX 3pOONIeHO BUCHOBOK NPO NOSUMUBHUL BNIUE NPOBEOCHUX CHPYKIYPHUX 3MIH OOCHIONCYBAHUX 3DA3KI6 HA
ix emomuy 006206iuHicmb. 32I0HO OMPUMAHUX PE3YbINAMI6 00CNIONCEHb 6CMAHOGICHO DLIbUL NI3HIT Nepiod 3apo-
OJICEHHSI BMOMHUX MPIUH MA 0OHOPIOHULL NPOYEC IX NOWUPEHHS Y CIMPYKMYPHO-3MIHEHUX eKCNePUMEHMATbHUX
3PAazKax NOPiGHAHO i3 36UYAIHUMUL.

KirouoBi crioBa: IOBrOBIYHICTE, IEpEKpUCTai3allis, BTOMHA TPilMHA.

IIposedenvl sKcnepumeHmanbHble UCCIeO08ANHUST GIUAHUSL 8bICOKOMEMNEPAMYPHOU NEPEeKPUCANIUZAYUU HA
nogvluueHue pecypca OYypulbHuIX mpyo, Komopwle npedvléaiom Ha 3agepuiaroujem smane sxcnayamayuu. Ha ocnose
AHANU3A IKCNEPUMEHMATILHBIX OAHHBIX COENAH 861600 O NOZUMUBHOM BNIUSHUU NPOBEOCHHBIX CIMPYKMYPHBIX USMEHe-
HUtl ucciedyemvix 06pazyos Ha ycmanocmuyro 0oacoseynocmy. Co2iacHO NOIYUEHHBIX Pe3yIbmanmos UcCie008aHuUll
yemanoeien 6oniee nO30HULL NePuood 3apodNCcOeHUs YCMALOCHHbIX MPewur U 0OHOPOOHbLIL NPOYecc Ux pacnpocmpa-
HeHUsi 8 CMPYKIYPHO USMEHEHHbIX IKCHEPUMEHMANbHBIX 00pA3YaxX, 8 CPAGHEHUU C ODLIYHBIMUL.

KitroueBble c0Ba: JONTOBEUHOCTh, IEPEKPUCTAIUIN3ALINS, YCTATIOCTHAS TPEIUHA.

Experimental researches are conducted concerning influence of high temperature recrystallization on length-
ening of borings pipes resource exactly on their finishing stage of servicing. On the basis of analysis of experimental
data a conclusion is done about positive influence of the conducted structural changes of the probed standards on
fatigue durability. In obedience to the got results of researches more late period of origin of fatigue cracks and ho-
mogeneous process of their distribution is set in the structurally changed experimental standards, by comparison to
ordinary.

Keywords: durability, recrystallization, fatigue crack.

HocBin eKcnnyaTaui'f OypHJILHUX KOJIOH 3a-
CBIIYMB, IO B MEPEBAXKHIN OUIBIIOCTI OypHIbHUX
TpyO, SIKi MPaNOTh Y CBEPIUIOBUHI, HAsBHI Tpi-
IIMHW, TIOUOMHA SKUX CKJIAaJa€ BCEPETHHOMY
2-2,5 mm [1]. B pesynbraTi panime npoBeIeHUX
BTOMHUX BHIPOOYBaHb €IEMEHTIB OYpUIIBHUX KO-
JIOH BCTAHOBJICHO, III0 3HAYHA YacTKa iX pecypcy
BIJIMTOBi1a€ TIepioy pO3BUTKY TpimmH [1].

3riziHO HOpM KOHTpOItO [2] OypuibHi TpyOH,
K1 MICTATh y Tl Jedexktu raubunoro 3-5 MM,
HiSIraloTh BigOpakyBaHHIO. B okpemMux Buman-
Kax B OypHJIbHIA KOJIOHI 3MIHIOIOTH YCI TpyOH 3
BHSIBJICHUMH TpimuHamu. [lim yac mpoBemeHHS
nedeKToCKomil, BiAOpaKOBaHUX aje HE 3JaMaHHMX
TpyO dYacTO BHWSBISIOTH TPIIMHU TIIHOMHOO
6-7 MM [3]. AHaNi3y04M 3J1aMU TaKuX OypHUIBHHX
TpyO, CIOCTepirajiy, 1o 3HaYHa YaCTHUHA 1X TUIOLII

—
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MOIEPEYHOr0 Tepepizy 3aiHATa 30HOI0 BTOMHOTO
pyVHYBaHHS.

JlaHi criocTepexeHHs cBim4yaTh Hpo Heedek-
THUBHICTh Ta HEIOCKOHAJICTh METOAUKH BiAOpaKy-
BaHHS TaKOro POJy OOJIaJJHAHHS, OCKUTBKH ICHYE
3Ha4YHa HMOBIPHICTh BHWIIyUEHHS 3 TIpolecy OypiH-
Hsl TpyO i3 BTOMHMMH TpPIllIHHAMH, SKi 32 TIEBHHX
HABAHTAXXEHb HE BIUIMBAIOTh HA HAJIMHICTH €KC-
Tutyaraiii OypuiibHOI KoloHU. B Toit Wac taki Oy-
pHIBHI TPyOH 3 BTOMHOIO TPIIHOI MOXKHA €KC-
ILUIyaTyBaTH 1ue TpuBauii yac. B 3a3HaueHiil cu-
Tyalii BIACYTHs GKOHOMIYHA NOULIBHICTb BifOpa-
KyBaHHs i 3aMiHu OypuibHMX TPYO, X04a iX eKc-
IUTyaTaniiauii pecype yxe suuepnano. Lleit pakr
TOSICHIOETBCS. THM, IO [PALIOKTh TPYOU B PIsHUX
YMOBaxX Ta peXHMax eKCIuTyatallii, TO)X 0coOIHBO-
CTI HampyXKeHO-Ie(OPMOBAHOIO CTaHy Ta IHTEH-
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CHBHICTh HAKOIIMYEHHS TOIIKO/DKEHb B X Martepi-
i Al MOXKYTh 3HAYHO BIAPI3HATHCE.

Tomy Bce OUTBIN aKTyaIbHUM MOCTA€E MUTAHHS
OOIPYHTYBaHHS MOXKJIMBOCTI TIOJIOBXKEHHS TEPMIHY
GesneyHoi ekculyaTaii OypuiIbHIX TpyO 3 METOO
BiOpaKkyBaHHs 1X B €KOHOMIYHO JOUUIBHHN Tiepi-
Of1 II€ JIO TIOJIOMKH.

Ha chorogni mojoBxkeHHSI pecypcy Jaeraineit
MaIIWH JIOCATAIOTh 3 JOIOMOI'0I0 CY4acHHUX METO-
IiB 00pOOKH, TaKMX SK BiOpalliliHa, MarHiTHa, BH-
Oyxoma Ta iHmi [4]. Bci 11i MeToau cripsiMOBaHi Ha
MOBEPXHEBE 3MII[HEHHSI PI3HOT'O POJy KOHCTPYK-
il, 3JIMIIAI0YH 11032 YBarol MOXKJIHBICTh BILIU-
BATH HA iX OBTOBIYHICTh HA CTPYKTYPHOMY PiBH.

Henocratis yBara IpUAUIAETBCA AOCITIDKEH-
HAM, CIIPSMOBAHHUM Ha OUIHKY CTPYKTYPHHMX 3MiH
MaTepialy eleMeHTIB OypHJIbHUX KOJOH. Takoro
POy MepeTBOPEHHS CTPYKTYPHOT'O CTaHy Martepia-
Ty OypHIIBHUX KOJIOH YacTO TOB’sI3aHa 13 3MIHOIO Y
HbOMY 3aJIMIIKOBUX HAIPYKEHb i HAKOMUYCHHIM
BTOMHUX MakpoTpiumH. Binomo, mo oxmieno 3
NPUYKMH 3HIKEHHS. BTOMHOI MIIHOCTI OypHJIBHAX
TpY0 € 3aNMUIKOBI HANPYKEHHS PO3TATY, SKi Min
JI€I0 NUKITIYHUX HaBaHTAXKEHb 30LTBIIYIOTH CBOIO
BeIMUUHY [5].

3 BHKOpPHCTAHHSM BiJIOMUX TPOIIECIB TepMiU-
HOi 00pOoOKH, SKi HEe MOTPeOYIOTh 3HAYHUX MaTepi-
aNbHUX 3aTPar, MOKHA OE3MO0CEepeHbO BILMBATH
Ha CTPYKTYpHHil CTaH Marepiainy JaHOro obmai-
HaHHs, &, OTXKE, | HA HAJIHHICTb Ta noxanbie 6e3-
nevHe oro BUKopucTanHg. OIHUM i3 e)eKTHBHUX
MIPOLIECIB TEIJIOBOI OOPOOKHM CTajiel € HopMaTi3ailis,
sIKa BUKJIMKA€E MOBHY (ha30BY MEPEKPUCTAII3ALlILO.

MeTor0 1aHOro JOCIHIKEHHs € OLIHKA BILIH-
By BHCOKOTEMIIEPATYpPHOI MepeKpucTalizamii Ha
BTOMHY [IOBIOBIYHICTb ~MaTepiany OypHIbHHX
Tpy0, 1o nepebyBaroTh Ha 3aBEPLIATIBHOMY CTall
eKCILTyaTallii.

B ocHOBI mporieciB TepMiuHOi 00pOOKH OiThb-
IIOCTI MPOMHCIIOBO BAXKIIMBHX CTajJel JICKUThH
sIBHIIE TOTIMOP(}i3My TBEpIUX PO3UMHIB, Ha 0a3i o
1y-3a1i3a, SIKi BU3HAYAIOTh iX CTPYKTYpY [6].

[MomimopdHI TepeTBOpEeHHSI TBEPAUX PO3UH-
HiB CTaJli JAHOTO CKJIa/y BiI0YBAKOTHCS B TIEBHOMY
iHTepBai TeMreparyp, 0OMEKEHOMY KPHTHIHUMH
Toukamu. [lepmmm Hacmigkom nomimopdismy TBe-
pAMX PO3YMHIB CTali € NepeKpucTali3auis, sKa
IPE/ICTABISE COOOK SBHIIE 3MIHH KPUCTANIMHOL
OyzoBH CTaili i NPOXOJUTH NPH HAarpiBi J0 BU3HA-
4eHOI TeMIlepaTypH, 10 3HaXOAUThCA B 1HTEpBai
MDK KPUTHYHHMH Toukamu. [lepekpucramizaiis
MOJISITA€ B YTBOPEHHI HOBUX 3€PCH.

YTBOPEHHS LMX HOBUX 3€PEH IPOXOAUTH /M-
(ys3iiHuM NUIIXOM BMHUKHEHHS 1 TIOAAJIbLIOTO
POCTY 3apoaKiB HOBOI (a3 — Tak 3BaHHX LIEHTPIB
KpHCTaTi3aIlii.

KinpkicTs meHTpiB KpUCTaizamii i NBHIKICTD
ix pocry 3aexats BiJ 6araTboX YMHHHUKIB, OCHOB-
HUMH 3 SKUX €:

— TemIlepaTypa HarpiBaHHS CTajli BiJIHOCHO
TEeMIIepaTypH MOIIMOP(HOro MepeTBOPEeHHs, TOO-
TO KPUTUYHHUX TOYOK;

— HasBHICTh HEPO3YMHHUX JIOMIIIOK, SIKi ITO-
JIETIIYIOTh YTBOPEHHS IIEHTPIB KPHCTaNi3allii;

— mnactnyHa  fepopmauis, sAKa BHKIMKAE
TUTMHHICTB Y TIPOIIECi MepeKpHCTai3allii;

ISSN 1993—9973. Po3Biaka Ta po3pobka HadpToBuUX i rasoBux pogosuiy. 2011. Ne 2(39) e

— peKpuCTali3alis, AKa CyIPOBOKYETHCS B
psiii BUNAJIKIB TUIACTHYHOIO e opMartieto.

[MpakTn4yHO 3miHCHEHHS TepeKpUcTami3allii
MOB’si3aHe 3 HArPiBaHHSAM CTalli JTAHOTO CKJIATy JI0
TEeMIIepaTyp, SKI JISKaTh MDK BiAIIOBITHUMHU KpU-
THYHMMA  TOYKaMM; IPH LBOMY BifOyBa€TbCs
YTBODEHH:I 3¢pEH HOBOI (ha3u — ayCTeHiTy.

Ho onepaum TEPMIYHOi 0OPOOKH, 3aBISKH
SIKil  3/HCHIOETBCS  [ePEKpHCTai3allis, BifHO-
CHUTBCS 3raJlaHuil BHIIE TIPOIIEC HOpMalTi3alil.

OCHOBHMM MpH3HAYCHHSIM HOpMallizallii €
YTBOPEHHSI OJHOPIZHOT CTPYKTYpPH CTali, sKa 3a-
Oesrevye OLTBII BUCOKUI pPiBeHb MEXaHIYHUX BIla-
ctuBocTed. [IngaxomM BHUCOKOTEMIIEPATYPHOI Tepe-
KpHCTani3aui'1' BIIAE€THCSl BUIIPABUTH Takuil CyTTe-
Buii JieheKT cTani, K rpybo3epHUCTa CTPYKTYpa,
OTpYMaHa B pe3ylbTati neperpiBy (pu HarpiBaHHi
/IO TEMIIEPaTyp MOPsIKY 1000-1200°C) [7]. Ue#t
nedeKT moB’s3aHui i3 p13KI/IM 30UTBIIEHHSM PO3-
MIpy 3€peH i MOripIICHHSM B’S3KOCTI.

UmcneHnHi nmonepeaHi JAOCTiKEHHS Ha Mallo-
BYIJICIICBUX CTalsIX B YMOBaX KpPYroBOTO 3THUHY
MOKa3aly, MO TPaHMIS iX BUTPHUBAJIOCTI 3MEHIIIY-
€ThCS 13 30UIBIICHHSAM PO3MIPY ayCTEHITHOI'O 3ep-
Ha [8].

AHaJi3 eKCrepUMEHTANIbHUX JaHUX HAYKOBUX
POOIT 111010 BIUIMBY PO3MIPY 3€pHA HA 3apOJIKCH-
HSl BTOMHUX TpIllIHH BCTAaHOBUB, III0 3MEHIICHHS
BEIIMYMHU CTPYKTYpHOTO 3€pHA MPU3BOAUTH JIO
OUIBIII MI3HBOTO 3aPOKEHHS BTOMHUX TPIIIKH [8].

Tosk Tak 3BaHOIO «ayCTEHI3alli€r0» cTali, 3Mi-
HIOIOYH PO3MIp CTPYKTYpHOTO 3€pHa, MOXKHA
BILJIMBATH Ha MEPioJI 3apOJPKEHHsI Ta MPoIlec moja-
JIBLIOTO PO3BUTKY BTOMHAX MaKPOTPILLHH.

BIUIMB BHCOKOTEMIIEPATYPHOI MEPEKPUCTali-
3auii Ha BTOMHY JIOBIOBIYHICTh Matepiany Oypu-
JTBHUX TPYO OIIHIOBAIM 32 pe3yJIbTaTaMH BHIIPO-
OyBaHb, TOB’S3aHUX 3 MPOIECOM YTBOPEHHS Ta
PO3BHTKY BTOMHHX TPIIIMH 32 >KOPCTKOI CXEMH
HABaHTa)XyBaHHA KOHCOIBHUM 3rHHOM. OO0'eKTOM
JOCITIDKSHHS CIIYT'YBaJIM 3pa3KH, 1110 OyJId BHUpi3a-
Hi 3 OypmibHUX TpyO TUNopo3Mipy THBB 140 rpy-
mu MinHocTI «JI», ski BimnpamroBaiu 30-45% cBo-
ro pecypcy. 3riHO 3 XIMIYHUM aHai30M OypUIbHI
Tpyou BuroroieHi i3 cram 36I2C. Ecki3 takux
JOCITIKYBaIIbHUX 3pa3KiB 300pakeHo Ha puc. 1.

)

Pucynok 1 — Ecki3 Bunpo0yBajnbHuX 3pa3KiB

[2)
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Pucynox 3 — [liarpama crany Fe-C

BunpoGyBaHHs NPOBOANIMCE HA YCTAaHOBLI
YAIIT-1 3 KpUBOLIKITHIM MeXaHi3MOM 3a IOCTil-
HOi amruritymu Jnedopmanii. 3a migpocTaHHIM
BTOMHOI TPIIIMHU MPH BEPIIUHI HAHECEHOT'O KOH-
HEHTpaTopa HAMpPYKEHb CIOCTEpiranu y MiKpo-
ckorr MIIB-2.

3rigHo OTPUMaHMX PE3YNbTATIB JOCIIKEHD
1100y 10BaHO rpad)ivHi 3aIEKHOCTI POCTY BTOMHHUX
TPIlMH  Bil KUIBKOCTI UMKIIB  HANPYKEHHS
(puc. 2, xpusi 1, 2, 3).

YacTvHy BHTOTOBJICHMX 3pa3KiB HiJganud HO-
pMauizanii 3 HarpiBaHHsAM 10 Temmnepatypu 850°C,
OCKUIbKY JaHHMH HPOIIEC Ul MaTepiaay TpyO map-
ku 36I'2C mpoxomute B Mexax 830-890°C [9]
(puc. 3).

CTpyKTypHO-3MiHEHI 3pasKu JOCHIAMIM Ha
piCT BTOMHHX TPILIMH Il 9aC UKIIYHOrO JAedop-
MyBaHHs1. Pe3ynbTaT Takux AOCII/DKEHb MOAAHO Y
BUTIISI TpadluHUX 3aJeXHOCTEH, 300pakeHrX Ha
puc. 2 (kpusi 4, 5, 6). AHaIli3 eKCrIepuMEHTaIBHIX
JaHHUX TI0Ka3aB OUTBII Mi3HIH MepioJ 3apOoKEHHS
BTOMHUX TPIIIMH CTPYKTYPHO-3MiHEHHX 3pPa3KiB.
3TriHO 13 3arajibHO0 IpaghiuHO KaPTUHO (puc. 2)
MpoIiec MOIIMPEHHSI BTOMHUX TPILIIMH Y TIepEKpHUC-

U

TaJai30BaHMX 3pa3kax OUIbII OJHOPIAHUMU, IO CBi-
JUUTH PO MOXKITUBICTD OLTBII TOYHOTO PO3PaxyH-
Ky pecypcy OypwibHUX TpyO Ta BHIyYEeHHS iX 3
npouecy OypinHs e 10 nonomku. et gakr Bra-
3y€ Ha MEPCIEKTUBHICTH MOJANBIIOrO JOCIHIKEH-
Hsl BIUIMBY BHECEHUX CTPYKTYpPHHX 3MIH MaTepiary
TpYyO.

OriHka pO3CiIOBaHH$[ ﬂOBrOBquOCTel‘/i eKcIIe-
PUMEHTANIBHUX 3Pa3KiB MOJAHO y BUIIIL 3aJIEK-
HOCT1 IMOBIPHOCTI HEpYWHYBaHHS BiJ KUTBKOCTI
UMKIB HaBaHT@XyBaHHs (puc. 4). 3rigHo 3 pe-
3yJbTaTaMi BUNPOOYBaHb, 3a IMOBIPHOCTi HEpYH-
HyBaHHs 95% PI3HULS MDK TOBrOBIYHOCTSMH IT€-
perI/ICTaJIBOBaHOFO Ta 3BUYAKHOrO 3paskiB cra-
HOBUTH | 71 16-10° uuxtis, a 3a iiMoBipHOCTI 5% —
0,6258: 10 nukiiB. Ile CBIQUMTH MPO JOCTATHIO
e(beKTI/IBHICTI) BUKOPUCTaHHSI TaKOTO TpOIecy Ha
MOJIOBXEHHST BCTAHOBJIEHOTO Pecypcy Tpyo.

PesynbTati excnepuMeHTy 3BelEeHO 10 Tab-
i 1.

JletanbHe BHBYEHHS BIUTUBY CTPYKTYPHHX
NEPETBOPEHb Martepiany OypuibHHX TPyO mociy-
XKHUTh PE3EPBOM IiJBUINECHHS BTOMHOI MIIJHOCTI
Ta OUIBII TOYHOTO MPOTHO3yBaHHS BTOMHOI JIOBIO-

o |ISSN 1993—9973. Po3Biaka Ta po3pobka HadpToBMX i rasoBux poposuy. 2011. Ne 2(39)



HdocnigxeHHsT Ta MeToOoV aHAaNiBy

100 -

i
)

90

A [

S —
L

80

e

70
A 60 -

\ .

50

40
30

\
!
\

20

10

A.“.j

107 yukr

7

1 — 3BHMUaiiHI 3pa3Ky; 2 — MEPEKPUCTAIIZ0BaHI 3pa3Ku

Pucynoxk 4 — Kpugi po3noainy 1oBropiunocreii Aoc/izkyBaHuX 3pa3kiB i3 craii 3612C

Taoaunusa 1 — Po3ciroBanHs T0BroBiyHocTei
eKCIepUMEHTATbHUX 3Pa3KiB

IMoBipHiCTH Jlosroiunicts N, 10° it
HEPYHHYBAHHA| 3pyyajini | mepeKkprcTaTi3oBaHi
P, % 3pasKu 3pasKu
99 2,1154 3,8437
95 2,1585 3,8701
75 2,5241 4,0022
50 2,9937 4,1674
40 3,1815 4,2334
30 3,3693 4,2995
20 3,5571 4,3655
5 3,8388 4,4646

BIYHOCTI Takoro poay obiamHaHHs. [IpoBeneHHS
MPOIIECy BUCOKOTEMITEPATYPHOI IepeKpucTatizamii
MO3UTUBHO BIUIMBAE Ha BTOMHY JIOBTOBIYHICTB
eNIEMEHTIB OYpHIIbHUX KOJIOH 32 PaXyHOK YCYHEH-
HSl HAKOMWYCHUX TIOIIKO/HKEHb Ta 3HSATTS 3aJIHII-
KOBHX HANpyXeHb, THM CaMHM JO3BOIISIE TTOIOB-
JKUTH TEPMIH IX eKCIUTyaTallil.

[Momanpm gocmimkeHHs OyayTh CIPAMOBaHI
Ha OUIBII JeTajibHE BHBYCHHS BIUIUBY IIPOILECY
BHCOKOTEMIIEpaTYpHOI IepeKpucTaizallii Ha mBU-
JIKICTh MIAPOCTaHHS BTOMHHUX TPIIIMH Ta XapakTep
pyHHYBaHHS MaTepiany OypuiIbHUX TPYO.
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