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Incmumym s0epHux docnioxcernv HAH Yxpainu

OLIHIOBAHHS TOYHOCTI TA JOCTOBIPHOCTI ITPU TOBYJIOBI
TO30BHUX 3AJEKHOCTEM 3CYBIB KPUTHUYHOI TEMIIEPATYPHU
KPUXKOCTI 3TITHO 3 METOJAUKOIO VERLIFE HA OCHOBI
TAHUX JOCJIIKEHD 3PA3KIB-CBIJIKIB AEC YKPATHA

Pezwome. Auaniz ennugy giominHocmeti 6 HopmamugHux nioxooax Verlife ma I[IHAE wna oyiuky
OKPUXYYBAHHS KOpNyca peakmopd GUKOHAHO HA OCHOGI CHIGCMAGIEHHS pPO3PAXYHKIE YOMUPLOX peanbHUux
Habopie OaHux Oocniodxcensv 3paskie-ceiokie AEC Vkpainu, axi micmame 4 —6 mouok npu pisHUX 3HAYEHHAX
mioency. I[posedeni docnioxicentss 00380NI0Mb CMBEPOACYEAMU, WO GUKOPUCIANHS 3MIHHO20 Koe@hiyicnma
cmenens y opmyni sanexcHocmi 3cygy kpumuynoi memnepamypu xpuxxocmi ATy 6i0 ¢nioency modice
npuseecmu 00 HeKOHCEPEAMUGHUX Mda HeOOCMOGIPHUX Pe3VIbmamis.

Knrouoei cnosa: 3cys xpumuunoi memnepamypu Kpuxkocni, 3pasku-c@ioxu, @uioeHc, koegiyienm
Oemepminayii.

E. Mayboroda, A. Shkapyak

EVALUATION OF THE ACCURACY AND VALIDITY IN
CONSTRUCTING THE DOSE DEPENDENCE OF TRANSITION
TEMPERATURE SHIFTS BASED ON UKRAINIAN NPP’s
SURVEILLANCE SPECIMEN TEST DATA ACCORDING TO THE
VERLIFE METHOD

Summary. The main material science problem of WWPR-1000 is a fracture toughness degradation of
pressure vessel steel due to the influence of neutron irradiation, which manifests itself in the temperature
embrittlement shift towards higher temperatures.

Analysis of differences between Verlife (annex III) and PNAE-G-7-002-86 methodologies of trend curves
building was fulfilled while using real data sets of Ukrainian NPP’s surveillance specimen tests, containing 4 —
6 points for different values of fluence.

When performing calculations dose dependency ratios of transition temperature shifts is setting
appropriate initial conditions ATr (0) = 0, since poorly correlated data sets results of calculation by the Verlife
method may be incorrect. Despite the fact, that the calculation without initial conditions by the PNAE-G-7-002-
86 method can produce negative values of the coefficient of determination, the value of Ay is calculated reliably.

The accuracy of the regression coefficients Ap calculation with variable n is usually at least 30% (and
may reach even 50%), while for n = 1/3, this value does not exceed 10%. However, the coefficient of
determination is always higher when performing calculations with variable exponent n, indicating that the
inability to use R’ as a criterion for comparison of accuracy considered methods.

Stability analysis of simulation results for both methods, when setting small deviations (1 — 2°C) values
transition temperature shifts, showed that the use of Verlife methods results may differ fundamentally, until the
change of material radiation embrittlement view. Calculation of the rate constant degree n is resistant to small
deviations ATr.

Obtained results shows that validity and accuracy of Verlife methodology is lower than PNAE-G-7-002-
86 one.

Key words: transition temperature shift, surveillance specimen, fluence, coefficient of determination.

Beryn. Metoro pobotu € anani3 miaxoxy mertoauku Verlife 1o moOymoBu 3ai1eXHOCTI
3CyBY KPUTHYHOI TeMIIepaTypud KpPUXKOCTI BiJl HakomuueHoro d¢umoeHcy. HeoOXinHicTbh
MPOBEJICHHSI TaKOTO aHalli3y 3yMOBJIEHA THM, IO AJs Jeskux eHeproomokiB AEC Ykpainu
Metoanka Verlife BUKOpUCTOBYEThCS JUIsl BUKOHAHHS pOOIT, SIKi TIOB’s13aH1 3 TPOJOBKEHHSIM
TepMiHy eKcIutyaralii kopiyciB peakropis (KP).



MEXAHIKA TA MATEPIAJIO3HABCTBO

Metoauka Verlife [1] 6yna po3poGiena B [ncTutyTi saepuux gocmipkensb Pxex y 2003
porri, gonoBHena y 2008 porri, Ta, B MJIOMY, € CYJacHIITAM HOPMATHBHHUM JOKYMEHTOM, HiX
nirounit B Ykpaini [THAE-T-7-002-86 [2]. 3aiexHOCTI 3CYyBY KPHUTHYHOI TeMIIepaTypH
kpuxkoctTi ATg Bim ¢uroeHcy (3a Ttepminojoriero Verlife — TpeHmoBI KpuBi) B 000X
JOKYMEHTaX MalOTh BUTJISI

n

Fl‘l
AT, = A, R (1)

0
ne F, — ¢moenc mBuakux Heitponi (E > 0,5 MeB), Fj = 10% HeﬁTp/Mz; Ap — KoediIieHT
panianiifHOro OKpUXUYyBaHHS; N — MOKA3HUK CTEMeHs, SKuil B [1] € 3MIHHOIO BEIMYMHOIO, a B
[2] mpuiimaeTbes piBaEM 1/3.

B [2] He MiCTHTBCSI BUMOT CTOCOBHO JIOBIPYMX OIIIHOK JIJIsI JO30BUX 3ayiexHocTedt ATk,
npore B jokymeHTi HAEK «EHeproatom» «TwHmoBa mporpamMa KOHTPOJIO BIACTHBOCTEH
MeTary KopiyciB peaktopiB BBEP-1000 mo 3pa3kax-cBigkax» [3] BKazaHo, IO OI[iHIOBaHHS
CTereHs pajianiiHoro okpux4dyBanHs Metary KP noBuHHa 3xilicHIOBaTHCS 32 95% BEpXHBOIO
OrMHA0UOK0 JIiHII perpecii (Ap ") BIAMOBIIHMX pe3yNbTaTiB HOCITIIKEHb 3pa3KiB-CBiIKIB
(3C). Takum umHOM, HiAXiA, SKHH 3aCTOCOBYIOTH B YKpaiHi, 0a3yeThcsi Ha MOOYHOBI
OIliHIOBaHHS 95% noBipuoro iHTepBaly ais KoedimieHTa perpecii Ap Ta 3HAYHOIO MipOrO
BiJIPI3HSETHCS BiJl BAKOPHCTAHOT B [1] BEpXHBOI OrMHAIOYOI 3CYBIB KPUTHYHOI TEMIICpaTypH
KkpuxkocTi ATk

Crnig takoX Big3HauWTd, 1m0 B Metoauili Verlife He MiCTUTBCS BHUMOT CTOCOBHO
OLIIHIOBAHHS JIOBIPYMX IHTEpBaliB s WMOBIpHOCTI 95% mpHu ompalfoBaHHI HEPBICHUX
pe3yJIbTaTIB JIOCIIHKeHb onpoMinenuit 3C He yaapHU 3THH Ta B’ SI3KICTh pyWHYBaHHS, TOOTO
He nepedavaeThesl OIIHIOBAHHS MOXJIMBUX BUKU/IIB €KCIIEPUMEHTAIIbHUX JTAHUX.

PesyabTaTn mociigxkeHHs. AHaji3 BIUTUBY BiJIMIHHOCTEW B HOPMATHBHHX MiJIX0Jax
[1] Ta [2] ©Ha omiHoBaHHS oOKpuxuyBaHHsS KP BHKOHAaHO Ha OCHOBI CIiBCTaBIICHHS
pO3paxyHKiB peadbHUX HaOopiB mganux pociuikerb 3C AEC Vkpainu. Bei BUKopucTaHi B
aHamizi pesynbratd jpociimxkenb 3C € TpeACTaBHUIIBKAMU W OTpUMaHi 3 JOTPUMaHHSIM
HOPMAaTUBHUX BUMOT CTOCOBHO KisibkocTi 3C y TpyIli Ta po3KHAY HaHUX 1O (IIFOEHCY.

B sxocTi KpHTEpir0 JOCTOBIPHOCTI MOOYAOBH JiHII perpecii oOpaHo MepeBipKy 30iry
koe(imieHTiB perpecii g030BHX 3aiexHocTell ATg 3a yMOBH 0e3MOCepeTHROTO 3a/IaBaHHS
ATE(0) = 0°C i 3a BimcyTHOCTI B HaOOpi JaHMX LHOTrO 3HauYeHHs. KokeH 3 pO3IISHYTHX
HaOOPiB TaHUX OYB PO3paxOBaHHI MPH BUKOPHCTAHHI METO/Iy HAWMEHINUX KBA/IPATiB 4 pasu:
31 3MiHHHM cTeneHs n i 3 n = 1/3 npu He 3aganomy 3Hadenni ATk (0) i mpu ATk (0) = 0°C.
PesynpTatu po3paxyHkiB mpecTaBieHi B Tabuuii 2 i Ha puc. 1 —4. Jlng moOyaoBu BEpXHbBO1
oruHaouoi 3rigHo 3 Metoaukoro Verlife B Tabmuii 2 HaBeAEHO 3HAYEHHS MaKCUMAIbHOI
no3uTuBHOI pi3Huni O(ATg) Mik 3HaueHHsmu ATpg, OTpUMaHMMH 3a pe3yJbTaTaMu
BunpoOyBanb 3C, 1 po3paxoBaHMMH 3a piBHSHHAM (1), a TakoXX 3HAYCHHS
CepeHbOKBAIPATHYHOTO BiaxuieHHs 8Ty

n

F
OAT,)=AT, - A, | — | . (2)
F 0
2 2
7 kY (8(AT,)) = (D.6(AT,))
M 2 :
k
3)
Crin 3a3Ha4MATH, 110 YIS BCIX BUKOHAHMX PO3PAXyHKIB, 32 BUHSATKOM OJIHOTO BHITQJIKY,

O(ATE) nepesuiye ATy,
AHani3 pe3ynbpTariB onparoBanHs HabopiB manux SET1 i SET2 (puc. 1 1 puc. 2
BIJITOBITHO) TIOKa3ye, IO B rmepriomMy Bumanaky 3rigao 3 ITHAE-I'-7-002-86 [2] oTpumano
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HU3bKUU piBeHb OKPUXUYBaHHsI, B TOW yac K BUKopucTaHHs MeToauku Verlife [1] qae Oinbin
HECTIPUATIMBUN TPOTHO3 Uil JaHoro Marepiamy. OIiHIOBaHHS TOTO, IO KOHCEPBaTH3M
MeToquku [1] B JaHOMy BHIIQAKy € BHUIIPABIaHUM, MOXHa OyjJe BUKOHATH ITiCIIA
BHUBaHTa)K€HHS HACTYITHOT'O ONPOMIHEHOT'O KOMILJIEKTY 3pa3KiB-CBIJIKiB.

Taoaums 1
Habopu nanux ATk
®droeHC
Habip ganux | (E>0,5M»1B), ATF,OC
1022, He171Tp/M2
4,0 16
5,9 13
SET1 8,3 21
13,8 19
21,2 34
8,4 42
10,7 57
SET2 20,4 74
27,5 42
50,8 46
68,8 75
14,0 43
SET3 24,5 33
374 51
54,4 33
4,69 25
10,5 21
SET4
13,8 29
25,9 43
333 40

Pazom 3 THM, pe3ynbTaTH ompaiioBaHHs Habopy nanux SET2 nemMoHCTpyrOTh, IIO
miaxina [1] Moske OyTH MEHII KOHCEPBAaTUBHUM, HIK IPUHHATHIA y HOpMax [2].

OmnpamroBanHs 1boro Hadbopy nanux 3rigHo 3 [IHAE-I-7-002-86 [2] nae nepeBuIieHHs
HOPMAaTUBHOTO KoedilieHTa paaialifHOro OKpHUXUyBaHHSA KoedimieHToM 95% oruHarouoi
minii perpecii (Ag95%), 0 CBIAYUTH PO BHCOKHUI piBEHb OKPUXUYBAHHS, SIKHH HEOOXiIHO
BpaxoBYyBaTH, B MEpIIy Yepry, MpH MPOJOBXKEHHI eKCIUTyaTalii JaHOTo KopIyca peakTopa
(KP). IloGymoBana 3a mMeToawkoro [1] 030Ba 3aeKHICTH 3CYBY KPUTHYHOI TeMIIepaTypH
KpuxkocTi Juist Habopy manux SET2, HaBmakw, JeMOHCTPYE PiBEHb OKPUXUYYBAHHS 1CTOTHO
HIDKYe HOPMATHBHOrO TpH (moeHci, mo mepesumyiots 40 - 10 meittp/mM’, ToGTO mae
HEKOHCEPBATHBHHIA MPOTHO3 HA TPHBAIAN TEPMIiH eKCILTyaTaIlii.

Pesyiapratn pospaxynky Habopy nmanux SET3 3a oboma merommkamu [1] 1 [2]
npeacTasieHi Ha puc. 3. Sk Oaunmo, miaxin Verlife [1] mpu ymoBi He3agaBaHHSI HYJIbOBOTO
spauenns ATr(0) = 0°C i gorpumanni sumors 1. 3.1.4 [1] cTOCOBHO TOro, IO METOIMKA
MoO’Ke OyTH BHKOpPHCTaHa 3a HAsBHOCTI JAHUX MPH IOHAKMEHINE TPbOX 3HAYEHHSX (IIIOCHCa,
Jla€  HeJOCTOBIpHUIM pe3yibrar. Te, IO OTpUMaHa KpHBa B OKOJI HYJIbOBOI TOYKH

246



MEXAHIKA TA MATEPIAJIO3HABCTBO

ACUMETPUYHO TMPSAMY€ JO0 HECKIHYEHHOCTi, CyHepednTh (Qi3UIll MPOIeCy OKPUXUyBaHHS,
OCKiJIbKH 1pH HyIboBOMY (mroency ATg(0) 3asxnu mae gopisaioBatu 0° C.

Jlani, mpencraBieHi Ha puc. 4, cBiAYaTh MpO Te, IO IPH IMEBHOMY pO3TalllyBaHHI
EKCIIePUMEHTALHUX TOYOK pPe3yNbTaTh PO3PaXyHKY 3a 00OMa METOAMKAMHU MOXYTh OyTH
OJIM3BKUMHU 1 TPAKTUIHO 30iraTucs.

[IpoBenenuit anasi3 103BOJIsIE€ CTBEPIXKYBATH, 1110 BUKOPUCTAHHS 3MIHHOTO KoedillieHTa
cTeneHs y popMyJli 3aJIe)KHOCTI 3CYBY KPHTHYHOI TeMIrepaTypu Kpuxkocti ATk Bij ¢roeHca
(1) mosxxe pusBecT 10 HekoHcepBaTuBHUX (SET2) 1 HepocToBipaux (SET3) pe3ynbraris.

Y Tabn. 2 mpenctaBieHi JaHi, IO JJO3BOJSIOTH OIIHUTH TOYHICTH OOYHCICHHS
Koe(iImieHTiB perpecii Ar i n mpy BUKOpHCTaHHI 000X MeTouK [1] 1 [2], a Takok KoeimieHTH
nerepminanii R% siki mpu ouiHIOBaHHI perpeciifHHX MoJeNIel IHTEpHpEeTYIOThCS SIK Mipa
BiJIMOBITHOCTI MOJIENI IAHUM.

OtpumaHni pe3yabTaTd JIEMOHCTPYIOTh, IO TIpu He3amaHomy 3HadeHHI ATy (0)
KoedillieHTH AeTepMiHaIii MOXYyTh OyTH JIyKe€ HU3bKMMHU 1 HaBiTh HeraTuBHUMHU (SET2 i
SET3), mo cBiIYUTh MPO HEKOPEKTHICTh BUKOPUCTAHHSI CTATUYHOI 3aJIE)KHOCTI IS TaKUX
HaOopiB maHuX. JIisi JOCSTHEHHS J0OpOTO PiBHS KOPENAIii MpHU ampoKCHMaIlii JT030BHX
3a/Ie’KHOCTeN 3CYBIB KPUTHUYHOI TeMIlepaTypH KpuxkocTi 3amaanHs ymosH ATg(0) = 0°C
CIIiI BU3HATH HEOOXITHUM.

Jlns xopenboBaHuX HabopiB manux meroxwka [1] mae Oumemn Bucoki (SET1, SET2 1
SET3) abo Ttaki x (SET4) 3nauenHs koedimienta aerepminamii, sk 1 [2]. OgHak 1pOTO
HEJIOCTaTHRO JUISI TOTO, MO0 CTBep/KyBaTH, 1o Verlife kpaime onucye po3risiHyTI HabOpH

MaHUX.
SET1
100

A.=6,0°C, n=0,537 A=20°C

npu AT_(0)-He 3apaHo \

AT (Bepx.ornbatowas)=AT +5T
npu AT (0)=0°C
AT (Bepx.ornbarowas)=AT _+5(AT_

60 | =
o - =]
I—LL L = -
< .

40

)max“'

20 |

npu AT _(0)=0°C A (95%)=12,2°C
npu AT_(0)-He 3apaHo AF(95%)=12,7°C
I 1 I 1 I 1

20 40 60 80
®dnioeHe (E>0,5MaB), 10° HeltTp.m™

Pucynok 1. Pesynbrati nopiBHAIbHNX po3paxyHKiB (SET1)

Figure 1. The results of comparative calculations (SET1)
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SET2

100 o =
AF=39,1OC, n=0,112, AT _(0)-He 3apaHo - T T
AT _(Bepx.oruBaroiian)=AT +5(AT )" T )

Teem e

-— - -
- ——f w—r
- —-

—
— -
T— -

A_=32,3°C, n=0,169, AT (0)=0"C

AT (Bepx.orubatolas)=AT _+5(AT )

npu AT (0)=0°C A (95%)=23,4°C

i npu AT _(0)-He 3afaHo AF(95%):24,1°C

0 T T y T T T T

0 20 40 60 80
drnoeHc (E>0,5MaB), 10°° HeitTp.m™

max

PucyHok 2. Pe3ynbTatu NOpiBHAIBHUX po3paxyHKiB (SET2)

Figure 2. The results of comparative calculations (SET2)
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SET3
100

A_=12,4°C A.=20"C
npu AT (0)=0°C A_(95%)=17,2°C ~.. -
npw AT, (0)-He 3apaHo A(95%)=18,7°C| . ..-""__--~

80

L.—f === a1

60

L g

0
AT, C
/

)

20 |4

_ 0 _ A0
AF=49’BOC’ n=-0,0624 A.=23,0°C, n=0,16, AT_(0)=0"C
AT _(O)-He 3agaHo AT _(Bepx.orndatojasn)=AT +3(AT_

)max

0 T T T T T T T T T T 1 T T T I

0 20 40 60 80
dnioeHc (E > 0,5 MaB), 10 HelTp/m’

Pucynok 3. Pesynbratn nopiBHsAIbHNX po3paxyHKiB (SET3)

Figure 3. The results of comparative calculations (SET3)

SET4
100

|
A_=11,5°C, n=0,366 A_=20"C
AT (Bepx.orubatoiias)=AT +3(AT )"
AT 0)=OOC W AT _(0)-He 3apaHo

(e}
o

o

n
TR TN T S N TN W N T TN TN N TN SN [N T T 1 [0

0
AT, C
N

. _ 0

2 A=12,7°C

npu AT (0)=0"C A _(95%)=14,7°C

npu AT (0)-He 3agaHo AF(95%)=15,1°C

N
o

o

20 40 60 80
dnoenc (E > 0,5 MaB), 107 Heltp/m’

o

Pucynok 4. Pesynbratn nopiBHAIbHNX po3paxyHKiB (SET4)

Figure 4. The results of comparative calculations (SET4)
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3ynuHUMOCST Ha aHali3i TOYHOCTI OOYHMCIeHHS KoedimieHTa pamialiitHoro
OKpHXYyBaHHS Af 1 TIoKa3HUKa crerneHs n. [Ipu n = 1/3 TouHicTe 0OUYUCIEHHS Af JUIS BCIX
PO3IJITHYTHX HAOOPIB MaHMUX SIK IpU He 3ananoMy 3HadenHi ATk (0), Tak i mpu ATg (0) = 0°C
BiJIPI3HSETHCSA HE3HAYHO (TPOXHW BHIIE 32 HASBHOCTI MOYATKOBOI YMOBH, IT[O TPOTHO30BAHO).
3icTaBleHHST TOYHOCTI OOYMCIIEHHS KoeQillieHTa padiallifHOrO OKpUXUYYBaHHS 3a
metomukamu [1] i [2] mpu ATg0)= 0°C mokasano, mo TOYHICTH OOYMCIIEHHS Ap 3a
metoaukoro [1] s SET2 1 SET3 uuxde 61bIn HiXK y 6 pa3is.

Taoauns 2
TouHiCTh OOUHCIICHHS TapaMeTpiB perpecii
II:I;fIii A"lz)pc(:O), n HOXII;IGKa 10%(};, HXE’I/IOGéca R? S(ATy). °C 8(")1"(1;4,
He 3a- | 0.333 - 9,9 +0,99 | 065 6,6 4,25
sett | 7 10537 | 20177 | 60 | 277 | 076 | 337 3.56
. 0,333 - 9,9 +0,88 0,85 6,6 3,88
0,537 | 0,153 | 6,0 +2,40 0.9 3,37 3,25
He sa. | 0,333 - 182 | 233 | 029 | 24028 15,82
sero | 0 L oa12 | 20,155 | 391 | #2058 | 011 | 1919 | 13,16
. 0,333 - 18,2 +2,13 0,61 24,28 14,66
0,169 | 0,112 | 32,3 | =+12,58 | 071 20,23 12,4
He sa- | 0,333 - 124 | =198 | -L05 13,1 10,71
sers | 0 0062 | £0259 | 493 | 4304 | 003 . .
. 0,333 - 12,4 +1,71 0,69 13,1 9,6
0,159 | #0,136 | 23,0 | =*11,00 | 0.78 10,49 7.9
He 3a. | 0:333 - 12,7 | 084 | 074 543 43
seta | 7 10366 | 0,128 | 115 | 446 | 075 5.2 427
. 0,333 - 12,7 +0,76 0,92 5,43 3,93
0,366 | 0,111 | 11,5 +3,86 0,92 52 3,9

BigHocHi moxuOku oOuucieHHs Koe(ilie€HTIB perpecii Ui 3MIHHOTO MOKa3HHKa
crenieHs n ckimagaroTh 30 — 80%, 10 € HeNPUWHATHAM, OCKUTBKH HE JIO3BOJISIE JOCTOBIPHO
MIPOrHO3YBaTU piBeHb pafianiiHoro okpuxuyBaHHs KP. [lng xoedimieHTtiB pamianiiHoro
OKpHX4yBaHHs Ap, oOuucieHux 3a [1], BimHOCHI moxmOku ctaHOBIATE 30 —50%, a s
O0YHCIICHUX 32 YUHHUAM B YKpaiHi HOpMaTUBHUM JIOKYMEHTOM [2] He mepeBUILytoTh 14%.
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Taoauns 3
Jlani nns ananizy cTifikocTi
droeHe KoediuieHTn perpecii
Habip paHux (E>0,5M3B), ATE °C
10%, Helttp/m? [1] 2]

SET5 o0 0 Ar=6,67 Ar=10,6

4,0 16 n=0,586 n=0,333

8,3 21
SET5* 0 0 Ag=9,5 Ap=10,3

4,0 15 n=0,375 n=0,333

8,3 23

TakuM YMHOM, TOYHICTH OOYMCIICHHS KOedillieHTa paaialiifHOTO OKpUXJyBaHHS AFf i
MOKa3HWKa CTeMeHs n Tpu BuUKOpUcTaHHI migxoxy Verlife [1] icTtoTHO HuXk4e, HiX 3a
metoaukoro [THAE-I-7-002-86 [2]. Ile, B mepmry depry, 3yMOBJIEHO THUM, IO IS
BUKOPUCTAHHS 3MIHHOTO IMOKa3HUKA CTETEHs OTPIOHO JOCHIIKYBaTH JOCTaTHOCTh KIIBKOCTI
HasBHUX TOYOK y Habopax JjgaHWX, a JoTpuMmaHHs BuMoru Verlife mpo HeoOXimHICTH
HAsBHOCTI, NPHUHAWMHI, TPhOX 3HAYCHb 3CYBIB KPUTUYHOI TEMIEpPaTypH KPUXKOCTI IpH
pI3HHX 3Ha4YeHHSX (IIFOeHCAa € HeIOCTAaTHIM Ui 3a0e3ledeHHs NPHHHATHOI TOYHOCTI
o0uncieHHs Koe]ilieHTiB perpecii.

JlomaTkoBO OyJ10 BUKOHAHO aHalli3 CTiHKOCTI Metoawk [1] 1 [2] Mo MamuX BiIXHICHB
BUXI/IHUX JAHMX, JIBa HAOOpH JaHUX JUIS TAKOTO JOCITIKEHHS 1 pe3yJbTaTH PO3paxyHKIB
HaBeJieHO B Ta0i. 3. SIk GaumMo, mMpu BHKOPUCTaHHI MeToAWKH Verlife pe3ynbratd icTOTHO
BiJIPI3HSIOTHCSI.

BucnoBku. Metonuka Verlife Mmoxe maBaTi HEKOHCEpBAaTHBHUN MPOTHO3 HA TPUBAIHAM
TepMiH ekcrutyaraiii marepiaiiB KP B mopiBusaHi 3 [IHAE-I"-7-002-86 (SET2 i SET3).

[Ipy BHKOHAaHHI PO3paxyHKIB KOE(IIi€HTIB J030BHX 3aJCKHOCTEH 3CYyBY KPHUTHUHOT
TEMIEPaTypu KPUXKOCTI JOULILHUM € 3anaBaHHs modyatkoBoi ymoBu ATF(0) = 0, ockimbku
JUISL TIOTAHO KOPENbOBAaHWX HAOOPIB JaHWUX pe3yJbTaTH PO3PAXyHKY 3a MeToaukoro Verlife
MOXyTh OyTH HekopekTHHUMHU (SET3). He3zpaxaroum Ha Te, 110 po3paxyHOK 0e€3 MOYaTKOBOL
ymoBH 3a Metoaukoro ITHAE-I'-7-002-86 moxe naBaTh HeraTWBHI 3HadeHHs KoedirieHTa
nerepMiHailii, 3HaueHHsI AF 004HCIIIOI0THCS TOCTOBIPHO.

Pospaxynok nHabopy manmx SET1 moka3zaB, mo pe3yiabratu 3a mMeroaukoro Verlife
MOXYTh OyTH OinmbIn KoHcepBaTuBHI, HiX 3a [THAE-I-7-002-86. Omnak nist oIiHIOBaHHS
BHITPABJIAHOCTI TAKOTO KOHCEPBATH3MY HEOOX1THO BUKOHATH JOAATKOBI JIOCITIKCHHS.

Jlns naGopy nanux SET4, skuii n1oOpe ampOKCUMY€EThCS CTENEHEBOKO (YHKITIEO,
pe3yJIbTaTH PO3paxyHKiB 3a 000Ma PO3TIITHYTUMHU METOAMKAMH IPAKTHYHO 301raroThCsl.

Tounicte oOumcnenHs koegimnieHTiB perpecii AF y po3paxyHkax 3 HEepeMiHHUM n
CKIIajae, K mpasuio, He MeHIe 30% (a Mmoxe csaratu i 50%), y To# yac sk npu n = 1/3 mei
noka3Huk He nepeBuirye 10%. Pa3zom 3 TuM, koedillieHT feTepMiHanii 3aBX/I1 € BUIIUM MPH
BHKOHAHHI PO3PaxyHKIB 31 3MiHHUM TOKa3HUKOM CTEIICHS N, 10 CBITYUTH PO HEMOXKITUBICTh
BUKOpHUCTaHHs R2 B KOCTI KpUTEPitO CIiBCTABIEHHS KOPEKTHOCTI PO3TIISIHYTHX METOTUK.

AHai3 CTIMKOCTI pe3yNbTaTiB pPO3paxyHKIB 3a 00OMa METOJWKAMH TIPH MAaJuX
Biaxuiaenusx (1 —2°C) 3Ha4eHb 3CYBIB KPUTHYHOI TEMIIEpATypH KPHUXKOCTI IMOKa3aB, 10 IIPU
BUKOpHCTaHHI MeToquku Verlife pe3ynbraT MOXYTh TPUHIIMIIOBO BiJIPi3HATHCS, aX [0
3MiHHU YSBIIEHHS IO pajialiitne okpuxuyBanus Matepiany (SETS). PozpaxyHok 3 mocTiiHUM
MMOKa3HUKOM CTENeHs n CTifKui 10 Manux BiaxuieHb ATk
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Jliist moOyZI0BH TO30BUX 3aTEKHOCTEH 3CYBIB KPUTHUHOI TeMIIepaTypH KPUXKOCTI MPHU
BUKOPUCTaHHI MOJeJIel Ha OCHOBI CTeNeHeBOi (YHKINI, IMOKa3HUK CTEIeHs JOIiIBHO
BUOMPATH MOCTIHHUM.

Conclusions. The Verlife method can give non-conservative prediction for long life
materials in the reactor vessel over PNAE-G-7-002-86 (SET2 and SET?3).

When performing calculations dose dependency ratios of transition temperature shifts is
setting appropriate initial conditions ATg (0) = 0, since poorly correlated data sets results of
calculation by the Verlife method may be incorrect (SET3). Despite the fact that the
calculation without initial conditions by the PNAE-G-7-002-86 method can produce negative
values of the coefficient of determination, the value of Ag is calculated reliably..

Calculation of the SET1 showed that the results of the Verlife method may be more
conservative, than the PNAE-G-7-002-86, however, estimatation of the correctness of such
conservatism needs do more research.

For the SET4, which is well approximated by a power function, the results of
calculations by both techniques is almost identical.

The accuracy of the regression coefficients A calculation with variable n is usually at
least 30% (and may reach even 50%), while for n = 1/3, this value does not exceed 10%.
However, the coefficient of determination is always higher, when performing calculations
with variable exponent n, indicating that the inability to use R? as a criterion for comparison
of accuracy considered methods.

Stability analysis of simulation results by both methods, when setting small deviations
(1 —2°C) values transition temperature shifts, showed that the use of the method Verlife the
results may differ fundamentally, until the change of material radiation embrittlement view
(SET5). Calculation of the rate constant degree n is resistant to small deviations AT.

To construct the dose dependence of the fragility critical temperature shifts while using
models based on a power function, exponent should be chosen constant.
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