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Pedepar:

1. Inceprauifina po60Ta IpUCBsIYeHa AOCiIKEeHHIO TeMIIepaTypy X0JI0IHOJIAMKOCTI B yMOBax KOHLIEHTpaLlii
HaIPY>XEHb Ta BiIHAXOPKEHHIO ii 3B'13Ky 3 MEXaHIYHMMMU BJIaCTUBOCTSIMU MeTajy. Po3pobieHa mojenn
XOJIOJHOJIAMKOCTI B yMOBaX KOHIIEHTpalii HalpyXeHb, gKa I10Ka3ye, 10, 3aBISKU JIOKAJIbBHOMY MacIITAOHOMY
edekry, KpuxkKa MilHicTe Rc B ymoBax Jii crjibHO HEOZHOPIGHUX CUJIOBUX I10JIiB, [0 BUHMKAIOTh B OKOJI
KOHIIEHTPAaToOpa HalPY>KeHb, HE € KOHCTAHTOIO. [i Be/IMYMHA 3a7I€KUTD Bifl HATIPY>KEHO-1e(POPMOBAHOTO CTaHy
METaJly B OKOJIi KOHLJEHTPaTOpa HaIllpyKeHb Ta TEMIIEPATypu BUIIPOOYBaHb. PO3po6ieHa MeTOIMKA
€KCIIEPUMEHTAJIbHOTO BU3HAYEHHS KPUXKOI MIilTHOCTI Re Ta TeMIiepaTypu X0J104HOIaMKOCTI TX 11714 3paskiB 3

HaJlpi3aMU Ta 3pa3KiB 3 TOCTPOIO TPIIMHOI. BCTaHOBIIEHO, 1O TEMIIEPATYPa XOJIOLHOJIAMKOCTI B yMOBax



KOHIIEHTpallii Hallpy>KeHb BU3HAYAETHCS ABOMA (PAKTOPaMU: UyTJIUBICTIO 4O TEMIIEPATypPH HANPy>KeHHS MJIMHHOCTI
02 ripu 2 % nedopmariii Ta pisHHIEI0 MiK piBHEM KPUXKOi MIlTHOCTi RC 3pa3ka 3 KOHIIEHTPATOPOM Ta aTEPMiYHOIO
CKJIaJIOBOIO 0a HaIIpY>KeHHs IIJIMHHOCTI 02 npu 2 % nedopmatiii. Ha 0ocHOBi 06p0o6KU excriepruMeHTaIbHUX JAaHUX
MIOKa3aHo, 1O 171 36epekKeHHs MOTPIOHOTO PiBHS XOJI0OHOJIAMKOCTI CTasi rpu ii 3MillHEHHI HEOOXiTHO
320€3MeYnTH ITOCTiliHe 3Ha4eHHs pi3Hulli Rc-na, To6TO, 3MiIJHEHHS CTaJjli IOBUHHO CYIIPOBO/KYBATHCh Y3rOIKEHUM
3pocTaHHsIM Re. B po6oTi nokasaHo, 1110 BUKOPMCTaHHS CTajIoro Nnopory eHeprii yaapy KVth npu Bunpo6yBaHHsIX Ha
yaapHuUi BUruH 3paskis lllapni He 03BoJIsI€ aleKBAaTHO OLiHUTU 3[,aTHICTb KOHCTPYKLIMHUX CTaJllell YNHUTHU OIIip
KPUXKOMY PYMHYBAHHIO 33 BEJIMYMHOIO TEMIIEPATYPHU XOJIOLHOJIAMKOCTI TX. 3a pe3ysibTaTaMy IPOBELEHOT0 aHai3y
Pe3yJIbTaTiB BUIIPOOYBaHb PEAKTOPHUX CTaJlel, sIKi CYTTEBO BiPi3HSAIOTHCS XiMIiYHUM CKJIAZIOM i MIKPOCTPYKTYPOIO,
IJ151 ILMPOKOTO iHTepBasy (Jl0eHCiB HA0YHO MIPOAEMOHCTPOBAHO HEOOXiIHICTh KOPEryBaHHSI KpUTEPiaabHOTO PiBHS
€Heprii yzapy B CTOPOHY Moro 36i/bLIeHHs ITPY 30ibIIeHH] MiljHOCTI cTai. [Toporosuil piseHs eHeprii ynapy KVth
[IOBMHEH 301ibLTyBATUCS MIPY 3POCTaHHI IPaHMLi TEKY4IOCTi TAKMM YMHOM, 1106 320€3[eYNTH CTajle 3HAYeHHS
BEJIMYUHY JIOKAJIbHOI II7IaCTUYHOI edopmaliii B OKOJIi BepIIMHU KOHILIeHTpaTopa. Po3pobiieHa meToguka
KoperyBaHHs KVth 3a pesysbraTamu BUIIpoOyBaHb 3pa3KiB-CBiJKiB Ha yIlapHMI BUTMH i KBa3iCTaTUYHUI OAHOBICHUI
po3TAr. B pesysbraTi 06poOKY i aHaNi3y €KCIIEPUMEHTANIbHUX JAHMX [TOKA3aHo, 10 3CYB TEMIIEPATypuU
X0JIOZHOJIAaMKOCTi AT41 BHAC/TiJOK HEUTPOHHOTO OIIPOMIHEHHS, SIKU BUKOPUCTOBYETLCS B PETYIISTOPHIN TPaKTULL
4K Mipa pafialiliHOro OKpUXYE€HHS METaJy KOPIIyCy PEaKkTopa, A0 3Ha4eHHs ~ 120°C afeKBaTHO XapaKTepU3ye
pazianiliHe OKpUXYEHHS CTajlell KOpIyCy peakropa. IIpoTe, AJ1s1 BUCOKOOKPUXYEHUX KOHCTPYKLIHMX CTajel, IIsl
SKUX 3CYB T€MIIEPATyPH XOJIO0HOJIAMKOCTI ckiagae 61u3bko 160°C i 6inbie, crangaptHuil meton ASTM E185 sBHO
HEeJIO0OlLliHIOE pajjialiiliHe oKpUx4YeHHs MeTany. OTpUMaHi pe3ysbTaTy OO PYHTOBYIOTb MOKJIMBICTb BUKOPUCTAHHS

3aIIPOIIOHOBAHOTO IiIXOLY MPY ITOLOBXEHH] TEPMiHIB eKCIUTyaTalii iepPHUX PEAKTOPIB.

2. The dissertation is dedicated to the study of the cold brittleness temperature under stress concentration
conditions and finding its connection with the mechanical properties of the metal. A model of cold brittleness
under stress concentration conditions has been developed, which shows that, due to the local scale effect, the
brittle strength Rc under the action of strongly inhomogeneous force fields arising in the vicinity of the stress
concentrator is not a constant. Its value depends on the stress-strain state of the metal in the vicinity of the stress
concentrator and the test temperature. A method has been developed for the experimental determining the brittle
strength Rc and the cold brittleness temperature Tx for samples with notches and samples with a sharp crack. It is
established that the cold brittleness temperature under stress concentration conditions is determined by two
factors: the sensitivity to the temperature of the yield stress o2 at 2% deformation and the difference between the
level of brittle strength Rc of the sample with the concentrator and the athermal component of the yield stress o2 at
2% deformation na. Based on the processing of experimental data, it is shown that to maintain the required level of
cold brittleness of steel during its hardening, it is necessary to ensure a constant value of the difference Rc-na, i.e.,
the strengthening of steel must be accompanied by a consistent increase in Rc. The work shows that the use of a
constant threshold of impact energy KVth in Charpy impact tests does not allow to adequately assess by the
transition temperature the ability of structural steels to resist a brittle fracture. The results of the analysis of the
test results of of reactor steels, which differ significantly in chemical composition and microstructure, for a wide
range of fluences clearly demonstrate the need to adjust the criterion level of impact energy in the direction of its
increase with increasing steel strength. The threshold level of impact energy KVth should increase with increasing
yield strength in such a way as to ensure a constant value of the magnitude of local plastic deformation in the
vicinity of the concentrator tip. A method for adjusting KVth based on the results of impact tests of surveillance
specimens and quasi-static uniaxial tension has been developed. As a result of processing and analysis of
experimental data, it is shown that the shift of the cold brittleness temperature AT41 due to neutron irradiation,
which is used in regulatory practice as a measure of radiation embrittlement of the reactor vessel metal, to a value
of ~ 120°C adequately characterizes the radiation embrittlement of reactor vessel steels. However, for highly
embrittled structural steels, for which the transition temperature shift is about 160°C and more, the standard
ASTM E185 method clearly underestimates the radiation embrittlement of metal. The obtained results substantiate
the possibility of using the proposed approach when extending the service life of nuclear reactors.
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