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MEXAHIKA TA MATEPIAJIO3HABCTBO

VIIK620.192.7
B. I'ynaiinok, kana. Texd. Hayk; L Oxinnuii; O. Schii
Tepnoninvcexuii depocasnuii mexuniunuil ynieepcumem imeni leana Ilynion

BILIMB IIOIIEPENHBOI'O KOMBIHOBAHOI'O PO3TSI'Y HA
HAIIPYXEHHS CKOJIIOBAHHS

-

Hocnioxceno ennus nonepednvozo Oeghopmy xombino POIMAZOM  HQA  HANPYICEHHA
ckomosanus cmani 1 5X2M®A nicas mepmoobpobiu, aka modenoe padiayiiine OKDUXNENHA MamMepIany Kopnycy
peaxmopa muny BBEP-440 nio xineyb mepminy excrnyamayii,

Bizomo, mo nonepenue npyxnonnactuyse nedopmysanns (TI1J]) sminroe He TinbKu
XapaKTEPHCTUKH MEXaHIYHWX BJIAaCTHBOCTeH MaTepianiB, a # ICTOTHO BIJIHBAa€ Ha OIMip
KpHMXKOMy pyHdHyBandio [1, 2], ymapHy s’s3kicte [3], Temneparypy B’S3KO-KPHXKOFoO
nepexoxy [4]. B’s3kicTe pyliHyBaHHA B YMOBaX CTaTAYHOTO HaBaATaxeHHs micis I moxe
361IBIIyBATHCE, 3MEHIIYBATHCH, 3MIHIOBATHCH HENIHIHHO y 3aN€XHOCTI Biji TemmeparypH,
aMIUITYIH OIEPEeTHEOr0 PYKHOIUIACTHYHOrO AehOpMyBaHHS Ta iHIIE.

Ockinekn omip KpUXKOMY pylHyBaHHIO B saxexHocri Bin ITIJ] i teMneparypn
OIMHCYIOTH 33 JIONOMOTOIO JIOKAIFHAX KPHTEpiiB pyHHYBaHHA, TO y AKOCTi TaKOro KPHTEPIlO
MOXHA BUKOPHCTATH HAIPYXEHHS CKOJIOBAHHA O, SIK€ BU3HAYAIOTh 3a peE3YJhTaTaMu
BUIIPOOYBAaHHS IUIIHAPHIHHUX 3PA3KiB.

AHaniz pesynpTaTiB JochimkxeHb cBigaMte, mo IIIIJ] Moxe 36impmryBaru aGo
3MEHIIYBAaTH HANPYXCHHA CKOJIOBAHHA Ogc B 3aJiEXKHOCTI BIX BHAY HaBaHTAXCHHA
(xBasicraruune, HKIiYHE) i cmocoby aedopmysarHs (po3TsT, CTHCK) [S5-7].

OnHak He JOCTATHHO BHUCBITIICHE NHTaHHA BIUIABY Ha HANpYXEHHS CKOMIOBAHHSI
TIOTIEPEHBOTO AeOPMYBAHHS, FKE NOENHYE CTATHYIHY Ta IAKIIMHY CKIAfOBY.

Metowo jpmamoi pofOTH € JOCHKEHHS BIUIMBY [ApaMeTpiB  NONEPeJHbLOrO
neopMyBaHHS KOMOIHOBaHMM pO3TSroM (TeMIICpaTypd Ta aMIULTYX) Ha HalpyXeHHA
CKOJIIOBAHHM Gcx KOPIYCHOI TemocTifikol cram.

MeTtonnka gociixenus

XapakTepHCTUKH MEXaHITHMX BIACTHBOCTCH Ta HANPYXEHHS CKOMIOBAHHA BH3HAYAIM
3a OJHOBICHOTO pO3TAry DJIANKMX LMIIHAPDHYHHX 3pa3KiB JBOX THIIOPO3MIpIB: JiaMeTpoM
po6o40i AinsHKH 8MM Ta JOBXHHOIO poGovol yacTHHH 20 MM Ta 5 MM i 10 MM BimmoBsigso.

Buipo6yBasus IpOBOAMNM Ha CEpBOTipaBiuniii BunpobyBasHii Mamuai CTM-100
supoOuurea AHTK iMeni O.K. Anronoea (M. KuiB), 3 xepyBaHHsM BiJl nmepcoHaNLHOro
komi 'totepa Tany IBM PC/AT.

3pasku nonepeaHs0 AedopMyBaiM KOMOIHOBAHAM PO3TAroM (PO3TAr 3 HaKIaJAHHAM
HMKIIYHOT cxnanonm) IO PpiBHA IUIACTHYHOL ;(e(bopmaun g = 0,5%; 1,0% T2 3,0% B
Iiana3oHi Temmeparyp 423...623K.

3pa3zok Harpisajii A0 33JaHOI TEMIEPATYPH 3a JONOMOrOI0 EJEKTpoliedi, HarpiBaHus
AKOT PEryIIOBANOCS 32 AONOMOICIO CTAHAAPTHOIO BHCOKOTOYHOTO PEryISTOpa TeMIepaTypH
tuny BPT-2. Temmeparypa HarpiBaHHs 3pa3ska KOHTPOJIOBANACH XPOMENb-aIOMEIEBOIO
TEpMONAPOIO, siKa MNpUBapioBaNack J0 3paska. Iloxubka BHMIDIOBAaHHS Ta INATPEMAHHA
TeMIiEpaTypH 3pa3ka ge nepesuinysaia + 1K.

Jinist BHHECEHHS TEH3OMETPHYHOTO JaBada 3 30HHM il BHCOKOI TeMIlepaTypu Gyina
peani3oBaHa BEMipIOBAIbHA CXEMA, fka N0jaHa Ha pHc. 1.

CxeMz HaBaHTAXKYBaHHS 3paskiB moxanmi Ha puc.2. JedopMalio BHMIipIOBaIH
TCH3OMETPHUHMM JapadeM, pobodi eleMEHTH 4KOTO YBIMKHYTO 3a MOCTOBOIO CXEMOIO.
Hoxnﬁxa BEMipIOBaHHA Jiepopmanii He MepesamyBana 4- 10° mm/mm. PosMax nuxtiTHOT
CKJTaZiOBOI HANPY)XEHHS IPH KoMmGiHoBaHOMY po3Tssi cknamas Ac =50, 90, 110, 180 i 220
MIla, yacrora HaBanTaxeHHsa =25 I'i, &€ AG=ACmay-ACmin; ACmax I ACmin. — Habimeme i
HaliMcHIIE HanpyXeHH: LHKITY.
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Puc. 1. Cxema sumiprosanHs aedopmauii npu ITIJL y mianazoni Temneparyp 423...623K.
1 — TeH30Aasay, 2 — HiX, 3 — MOHOBXKYBaY, 4 — g, 5 — 3pa3ok, 6 — 6nok, 7 — Tpoc, § — BaHTaX, 9 — 3aXOIUEOBAY

Puc. 2. CxeMH HABAHTAKYBAHHA.
1 —po3rar, 2 — komMbinopammit poaTsr
(pO3TAr 3 HAKNANaHHAM LMKITIYHOT CKIIanoBoi)

ycuiana P ta nmo3gosxHIO IedopMalliio JHCKPETHO PEeCTpyBaim depes 55 Mcex,
3araibHa KUIBKICTH TOYOK BHMIPIOBAHMS 3371aBanachk A0 IOYaTKy eKCIepHMeHTy. PesynbTaTh
JOCHiIKeHb 3aNHCYBANMCS Ha MarHitoHocii i o6po6msummchk y MaremarEdmiii o6osnonni
MathCad. TlapanensHo Mis Bi3yadbHOro KOHTPONIO 3/iMCHIOBAaBCA 3alHC JiarpaMH Ha
JBOXKOODJMHATHHAN CAMOIHACEIs B KOOP/AHHRATAX "3yCH/LIA - IO3A0BKHA AedopMantis’.

HampyxeHnHs CKOMOBaHHA O ACPOPMOBAHOrO Marepially BH3HAYAIA IIpH
temneparypi 77K y TepmoizonsoBaHiii kaMepi, 3aOBHEHIH piflkuM a30TOM.

3pa3ok BCTAHOBJDOBABCA y 3aXOIUIOBAY, ONMH 3 SKHX (BEpXHiil) 4epe3 KyubOBHA
HIapHip 3'€Ananuit 3 IMHAMOMETPOM, 3 iHIMAN HEPYXOMO 3aKpiNIeHHE Ha JHI KaMepH, AKa
TAKHM 9MHOM KPinunacs X0 pyXoMoro HITOKa.

Ilix uwac BunpoGypaHb peecTpyBamu 3ycHuis P Ta mepeminienms mrtoka S Ha
MArHITOHOCIH Ta BHBOMHNOCH Ha JBOXKOOPAMHATHHE CaMO3aMHCYBalbHHH NOTEHIOMETP.
IlpH BM3HAYEHHI Gc JiarpaMa 3yCHIUIA — NeEpeMillieHHs INTOKa y Beix BHmajxax Gyia
niniiteoro. [Nonepedna 3amMImKOBa MaKpocKoliusa nedopManlis Micis pyHHYBaHHs 3pa3kiB
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Oyna simcytns. KopexTHMMH BBaXalmuch pesynbTaTd BUOPOGYBadh, OTPMMaHI Ha THX
3pa3skax, KpHXKe pyHHYBaHHS SKHX BiAOyBaloch y Mexax pobodol ALNSHKH 3paska.
Hanpy:xeHHS CKOIOBaHHA O BH3IHAYATH 32 HOPMYIIOIO:
o _=P IS5,
ck K Tk

ze Px - 3sycunna pyiinyBanus;
S=n-d%/4 - TIomA MONEPeYHOro Tiepepi3y 3paska nicns pyiAHyBaHHS;
D - niaMeTp 3pa3Kka Hiclls pyHHYBAHHS. '

Pezym;ra'm noc.rmmcemm Ta ix oﬁronopemm : ' i

Ximigawmii cKIa 1 pexxaMu TepmooOpobka crami 15X2MOA HaBe,uem y npaui {8].

XapaKTeprACTAKH MEXaHiYHHX BracTHBocTed crani 15X2MOA B  gianasosi
Temneparyp 77...623 K [8] monaHi B Tabmuui 1.

. Tabnuns 1
XapaKkTepuCTHKH MexaHiYHHX BlacTupocTed cram 15X2M®OA
T,K Go2, MlIla o, Mlla 8, Y% v, %
77 1440 1590 3,10 2,90
293 1100 1160 16,6 67,2
423 956 1020 15,6 65,8
623 880 970 15,2 65,2

HapameTpr RonepeaHbOro IUIACTAYHOTO Ac(OPMYBAHHA Ta HANPYIKCHHS CKOJOBaHHS
nipuBezieH] B Tabmani 2.

Tabmuans 2
[TapameTpH HOTIEPEAHBOrO NIACTHIHOrO AeOPMYBAHHS Ta HAIPYKEHHA CKONIOBAHHS
cram 15X2M®ODA

Nes/m Temmeparypa, K | z,, % Ac, MIla Omax, MIIa Ocx, MIla
1 623 1,0 - 1019 1746
623 1,0 110 956,3 1618
3 623 0,5 - 936,8 1701
4 - 623 0,5 110 9485 1504
5 423 1,0 - 1107 1706
6 423 0,5 - 1040 1680
7 423 1,0 90,0 1016 1565
8 423 05 | 900 1031 1602
9 623 3 - 1048 1789« |}
v 10 623 V3 110 1081 1686 é
1 423 73 90,0 1062 1725
12 77 - - - 1632
13 623 1 220 1124 1712
14 423 1 180 1126 1676
15 423 1 50,0 1150 1672

Ha pne. 3 npencrasneno ¢ororpadii 3namiB MIiHAPHIHAX 3pa3kiB, AKi nonepenHboO
JgedopMyBanK po3TAroM i kom6iHoBaHuM po3rarom Ao 1,0 % npu 623 K.
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i ‘ 2
Puc. 3. 3namu 3pasKkiB nicns nonepeansoro acpopMysasbs poararom (1) i kombiHoBannM postarom (2)

3anexHiCTE HANPYXKEHHE CKONIOBaHHS BiJ PpiBHS [ONEPeAHHOI IJIACTHYHOL
nedopMariii naseneso B puc. 4.

O, Mlla

1800

1
17507

17007
1650 7

1600

1550

1500 T

] 450 N T ¥ T T T T T
0,0 05 1,0 1.5 20 25 3,0

Epr, Yo

Puc. 4. 3aeXHICTL HANPYKERHA CKONOBAHHA G, CTai 15X2M®DA 8ix nonepeasboi naacTH4HOT nedopmautii
postarom (1, 3) i komGinoBanum postarom (2, 4) npu 423 K (1,2) 1623 K (3, 4) i Ao = 90,0 MIa (2),
Ao =110 MITa (4)

3 puc. 4 BHIIMBAE, (MO NOMEPEAHE TNACTHYHE NEe(POPMYBAHHA PO3TATOM IIpH
temneparypi 423K...623K 30iibnrye HalpyieHHS CKOMIOBAHHA Og cTami 15X2M®A y
nopisHsHHI 3 mepeicuuM Matepianom. Tpeba 3azsauymry, mo Oimem icToTHE 36iMBIIEHHS
HaOpYKEHHSA CKOJIOBAHHA CHOCTepiracThes micas nedopmysanHAa npH Temnepatypi 623K.
ITpoTe BITAB NONEPEAHLOIO KOMOIHOBAHOIO HABaHTAKEHHA npH Temnepatypi 423K 1 623K
Ha HANPYXXCHHS CKOJIOBAHHS 3a€)KMTh BiJl BETHYHHH NJNacTH4HOI Jedopmauii. [lpn
sedopMyBarHi KOMGIHOBaHHM PO3TAroM Io €,=0,5 % (623K) i 1,0 % (423K) nanpyxenns
CKOJIIOBAHHA O SMEHIIYETHCA Y NopiBHAHHI 3 HexebopMoBanMM MatepianoM. Midimanshe
3HAYEHHS G JOCATAE y TOUKAX, N€ €5,=0,5%; T=623K Ta £,~1,0%; T=423K (puc. 4). Ilpn
36inbends nonepeaHsoi Aegopmanii komGiHoBanMM postaroM fo 3,0 % HanpyXeHHs
CKOMIOBAHHS 3POCTAE [UlA 000X TeMIeparyp.

3aneKHICTL HANPYKEHHS CKOMMOBAHHA Bil PO3Maxy NHMKIIYHOT CKIan0BoOil
HaNpyxXeHHs AG il 9ac NONEePeAHbOro KOMGiHOBAHOTO PO3TATY HAaBE/JEHa Ha PHC. 5.
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e=1% >
1 —=
2 e

0 40 80 120 160, 200 240
| Ac) MITa

Puc. 5. 3aeKHICTh HANIPY)KEHHEA CKOJNOBAHHA BiJ po3Maxy Harxpy)xe\‘im NONEPEAHBOTO MIIACTUIHOIO
nedopMyBaHHs 10 &, = 1,0 % npu 423K (1) i 623K (2)

36inbiicHES po3sMaxy Hanpyxenss xo 90,0 MIla i 110 MIla miznosigao mnpH
temmepatypi 423K i 623K amenmye na 8...10 % panpyXkenHs CKOMOBAHHS NOPIBHAHO 3
HeaepopMoBaHuM MartepiaoM. Ilogamsme 3pocranas Ac go 180 MIla i 220 Mila
Bianosigao mpa 423K i 623K 36imsmIye Oy, OHAK BOHO 3ATHINAETECS MEHIAM Y NOPIBHSIHHI
3 G HeNEHOPMOBAHOTQ MaTepiany.

Ha puc. 6 moxasaHa 3aleXHiCTs Opz BiAl po3Maxy HanpyxkeHp nopu 623 i 423K
BrusBieHO 3MEHIIIEHES YMOBHOI IPaHHIi TEKYYOCTi Goz 13 3pOCTAHHAM PO3Maxy HallpyXeHb
Ac 1npH kOMOIHOBaHOMY pO3TA3i 3a TEMIEPaTypH TONEPEAHLOr0 IIACTHYHOTO
- nedpopmysangs 623K (1) i 423K (2). Tpe6a 3asaaumry, mo i3 36LIBLIEHHAM TeMICpaTypH
TII1J rpanums TekyuocTi og; cram 15X2M®DA 3MeHIyeTses.

T.K | tm%
o |4z 1,0
v | 423 05
v 7| 423 30
« | 623 1,0
s | 623 05
Go,2, MIa s 163 3.0
P
—e— .2
840+ " = : .
0 50 100 150 200 250
' Ac, MIIa

Pic. 6. 3aeXHiCTb Gy, BiZ po3Maxy HampyXeHb IPK TEMTIEPATYpi NONEPERHLOIO
nedpopmysannis 623K (1) 1 423K (2)
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Jna onmcy mpouecy iHTeHcH®ikamii mnactHuHoi Jedopmauii 3a kombimosasoro
poO3TAry HAMH 3aNpONOHOBaHO mapamerp Af =Asl/g,, Tyr Ac=¢,-¢€,, €g 1 & -
NPy *HOILUIACTHYHA JedopManis Bianosigao npu Aedpopmaiiii xoMGiHOBaHMM po3TArOM i
PO3TAroM OpH PIBHUX HaUpyxeHHsx (puc. 2).

AHanmi3 eKCHCPHMCHTAIBHHAX HAHHX CBIAYMMTL, MO KOMOGIHOBaHMH pO3TAr iCTOTHO
36inbmye IwacTAuHy gedopManito A€ 3a 0J[HAKOBHX HanpyxeHb (puc. 7a). ITpuaomMy 6insin
icTOTHE 3pocTaHHs A€ Min Ai€l0 KOMOGIHOBAHOrO HABAHTAXCHHS CIOCTEPIracThea HNpH
Temireparypi 623K nopisnsmo i3 423K.

13 36inpmenssM HanpyxenHs xomOinosanuM IIITJ] mapamerp AZ 3poctae sk npm
T = 623K (2), rax i npa T = 423K (1) (puc. 76).

Ag, % Az
O,gﬂ - 0,6"
0.7
0,51
0,61
0,51 041
0,41 0,3
0,3 0
0,21
o] 0,1
,04—< \ — r . 0,0 =
800 840 880 920 960 1000 et
. 800 840 880 920 960 - 1000
o, Mlla o, MIla
a : [+

Puc. 7. 3anexnicte A& (a) i AZ (6) Bix Hanpyxeuns xom6inosanoro I
mpa T = 423K, &, = 1,0 % (1) Ta mpu T = 623K, &, = 3,0 % (2)

BucnoBxH

1. HNonepenus nnactugaa aedopmanis posraroMm npr 423K i 623K 36imbHIye HampyXeHHA
cxomoBagHA cranri 15X2M®A nopisHaHO 3 HefedopMoBaREM MaTepiatoM. IIpote
XapakTep BIUIMBY IOLEPEAHROro KOMOIHOBAHOrO PO3TACY Ha HANPYKEHHS CKOJIOBAHHA
3aNeXuTh Bij piBHsa mnactHaHoi fedopmanii. ITpn xoMGiHoBaHOMY PO3TA3i 1O €, = 1,0%
mpa T = 423K 1a 0,5% mpu T = 623K HanpyXeHRA CKOMOBAHHS 3MEHIIYETHCA TIOPIBHSHO
3 nepsicHUM MatepianoM. Ilopamine 36insmenns II1J] nprBOAMTE JO 3pOCTaHHA Gk Y
nopiBHAHHI 3 IEpBICHUM MaTepialloM, ane y BCiX BHIIAAKaX HANPyXEHHs CKOMOBaHHH
mpa KOMOIHOBAHOMY pO3TA3l 3ATHIIACTECS MEHIONM, HiK ICIA [ONEPENHBOro
AeopMyBaHHA PO3TAIOM.

2. SIx B yMOBax NONEPEXHBOrO PO3ITAry, TaK i komOiHOBaHOro po3TATy binbiie 3pOCTaHHS
HATIPYXERHS CKOMOBANAY criocTepiracTecs micns AchopMysanss mpu Temmeparypi 623K
B nopisHsHHi 3 423K. 36insweEHs po3Maxy HampyieHb go Ac = 90,0...110 Mlla
aMenmye Ha 8...10% Hampyxenns ckomoBadHs cran 15X2M®A npopisHsHO 3
HeaedopmoranmM MatepianoM. Ilonansine 3GimplIeHEsM posmaxy no Ac = 180 (220)
MITa npu Temuepatypi 423 (623)K 306inb1ye Gex.

3. [lpu spocramsi uampyxemns [TJ{ npu rtemneparypi 423K ta 623K pisamus MK
IUIACTHYHOIO JedopMallicio px KOMGiHOBaHOMY Po3Ta3i i po3rasi 36insumyerscs xo 0,3%
i 0,7% BigIOBIAHO.

The influence of preliminary combined tensile deformation on cleavage stress of steel 15Ch2MFA in a
condition which simulates radiating embrittle of a material of the case reactor such as WWER-440 by the end of
the reactor vessel operating life is investigated.

Poboma euxonana 3a paxyuok Gwoxcemuux kowimie /[lepiicacnozo @onoy Qyndamenmanbrux
docnidxcens no memi D7/348-2001.
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MTeproninucokuii deporcasnuii mexuiunuii ynisepcumem imeni leana Iynios,
2Tepuoninbcwcmi HayioHanenull nedazozivnull ynieepcumem imeni Borooumupa
T'namioxa

ABI OCECHMETPHYHI 3AJJA4I TEPMONIPY KHOCTI
3 KPYTOBAMM JIHISAMH PO3ALIY IPAHMYHHX YMOB
JJIsI TPAHCBEPCAJIBHO I30TPOIHOI'O HIAPY

Pospobneno anzopumm OOCHIONCEHHR HANPYICEH020 CMAHY, WO GUHUKAE 6 IMPARCEEPCANbHO
isomponnomy wapi @ pesynemami menncobminy 3a 3axonom Hviomona mixc wapom ma 308HiuHiMu
cepedosuwamM NP HARBROCMI NIKIE PO3OMY ZPAHUYHUX YMOS MPEemb0o20 pody 0N memMnepamypu, AK Ha OORil,
max i ha 060X ZPAHUMHUX NICWUHAX W apy.

Beryn. B cyvachi#f Texmini 6Gararo cropyd, Jeraneil MallMH Ta By3JiB IpHIafiB
OpaHiOlOTh B YMOBaX 3HAYHMX TEIUIOBAX HABAHTAXEHH., BHHUKAIOY IIPH  ObOMY
TEMIEParypHi Halpy>XeHHS MOXYTh HaOyBaTH KPUTHYHMX 3HaYeHb 1 Bixirpasaru
BUpilHaNbRy pOJIb IIPH PO3PaxyHKax Ha MIIHICTH. B 3B’A3Ky 3 HEM 3aja9i TepMONPYXKHOCTI,
aKi HaGymH ocoGNHBOrO POIBMTKY B CepeiMHI MHHYIOro cTOmTTA [1,2], We BTpavaloTh
akTyansHOCTI i B Hami JHi. MeToio 3amponoHoBaHOi poGoTH i € po3pobka anropurmy
JOCHIDKESHHS. HAIIPYXKeHOI'0 CTaHY B 3a/la4aX TEpMONPYXKHOCTI BPH HAABHOCTI JHIA po3ziny
rpaHEMHEX YMOB ~TPETHOTO POXY JUIA TEMIIECPATYPH Ha TIPaHMYHHX TUIONMHAX
TPAHCBEPCAIBHO i30TPOIHOTO MIapY.

Iocranopka 3anau. PosrnsHeMo nnockonapaiefbHA, TPAHCBEPCATLHO 130TPOIHMA
map cKiH4eHHOI TOBIHHM 24 . Byaemo BBaXaty, IO TPaHHYHI IUIOIMHAM 3Py NapajielbHi
J0 TUIOWMH i30Tpomii .i BinbHI BiX 30BHIIUHIX HaBaHTaxeHb. MiX TOuKaMH rpaHHYHHX
OIOMMH Imapy i 3OBHIIIHIME CEepeZOBHINaMH 37iliCHIOEThCA TeNmIOOOMIiH 32 3aKOHOM
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