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B cratbe oTMeueHa 1enecoo0pa3HOCTh IPUMEHEHUS TOPOITKOBBIX MAaTEPHAJIOB JUISI H3TOTOBJICHUS
psja u3Aenui, NPUMEHSIeMBIX B ATOMHOHM HSHEpPreThke. YYHThIBash BBICOKHE TpPeOOBaHHS K
W3JENUAM, SKCIUTyaTUPYEMBIM B aTOMHOW OTpPAacid, BOIPOCH M3YYEHHUS CBOICTB MaTepHaloB,
MOJTyYEHHBIX METOAaMHU IOPOIIKOBON METaJUIypruH, U €ro MOBENSHHS B Pa3IHYHBIX YCIOBHAX
SIBIIAIOTCS aKTyanbHbIMU. [IprBeeHBI pe3yabTaThl UCCIEAOBAHUM 10 BIMSHUIO TEMIIEPATyphl Ha
IUIACTUYECKHE CBOMCTBA MOPOLIKOBOTO MaTepHana IMpH Tropsiueid Ocalike MOPUCTBIX 00pa3loB
LHUIMHIpUYecKor (GopMbl. Y CTaHOBIIEHO, YTO MPH TEMIEpaType MepekpucTauin3aiuu (nepexoaa
(deppuTa B ayCTEHNUT) TUIACTHYCCKIE CBOWCTBA MIOPUCTOTO MaTepHana yMEHBIIAIOTCS.

Knrouesvie cnoea: nuHammdeckoe ropsdee IMpeCcCOBaHHE, TEMIEpaTypa HArpeBa, IMOPOIIKOBAs
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B 3aBucuMoOCTH OT Harpy3ok, yCIOBHUH SKCIUTyaTallMH, TpeOOBaHHI O€30mMacHOCTH
U3JeNHsT U3 TOPOIIKOBBIX MaTepHalOB C ONPEACIEHHBIMH CBONCTBAMHU IPUMEHSIOTCS B
pa3IUYHbIX 00JaCTSIX aTOMHOM SHEPTETUKH.

[InoTHBIE M3HEIUSA U3 MOPOILIKOBBIX MATEPUAJIOB C KOHCTPYKLHMOHHBIMU CBONCTBaAMU
UCIIOJIB3YIOTCA B KauecTBE pabouMX JeTaneil aTOMHBIX PEaKTOpOB HEKOTOphIX TUNOB ADC,
nopuctele — I 3hdekTuBHOW (UIbTpauu OTPaOOTAHHOW BOABI B  OXJIAKIAIOUIMX
KOHTypax. KpoMe »3Toro, mnopomKkoBUJIHBIE MaTepUaNIbl HAXOIAT NPUMEHEHHE IS
U3TOTOBJICHUS TMOTJIOTUTENEH C 3aMEIIUTENsIMHU, a TaKKe CTepXKHEH I PEeryJupoBKH U
TEIUIOBBIACISIONINX TEMEHTOB.

B pabGote [1] mpoBeneHo HcciaeAOBaHHWE MO MPUMEHUMOCTH IMOPOIIKOBOW CTald IS
W3rOTOBJICHUS JIeTaJed YIUIOTHEHHUSI CHEUHAIbHOM SHEPreTUYECKON apMaTyphl, KoTopas
SIBJISIETCS. OJIHUM U3 OCHOBHBIX 3JIEMEHTOB, OMNPENEISIOIIUX HAJECKHOCTh SKCILTyaTaluu
TEMJIOBBIX M AaTOMHBIX JJIEKTPOCTAHIMH. ABTOpaMHU YCTAHOBJIIEHO, YTO MAaTE€pUAIIbI
MOPOIIKOBBIX KOMIO3ULUKA Ha ocHOBe cTanmu [andunpaa co CTEKISIHHON cocCTaBisOLIEH
HNEPCIEeKTUBHBI JUIsl MCIOJIB30BAaHUS B apMaTypOCTPOCHUH JMJIS H3TOTOBJICHHUS JeTajeit
TSOKEIOHATPYKEHHBIX  YIUIOTHEHWM HeOospmoro pasmepa. Kpome Toro, B paboTte
npeACTaBiIeHa TEXHOJIOTHS M3TOTOBJICHUS CENeN KJIamaHOB 3aloOpHOW apMaTypbl METOJI0M
JuHaMHuueckoro ropsiuero npeccoanus (JITI).

VYyuthiBas BbICOKHE TpeOOBaHMUS K H3ACIHSAM, OJKCIUIyaTHPYEeMbIM B aTOMHOM
SHEPreTHKEe, OCTAIOTCA aKTyaJbHBIMH BOIPOCHI HCCJIEJIO0BAaHUS CBOICTB MaTepHaIOB,
MOJIYYEHHBIX METOJaMHU MOPOIIKOBON METaJUIypruu, a TakKe UX MOBEJCHUE B Pa3IUYHBIX
ycnoBusx. HekoTopelie pe3ynbTaThl TAKUX UCCIEAOBAHMIM MpeicTaBIeHbI B paboTax [2-7].
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42 BJIMSTHUE TEMITEPATYPBI HA TUTACTUYECKUE CBOMCTBA

B cratbe mpuBeneHbl pe3ysbTaThl MCCIEIOBAHUI IO BIUSHUIO TEMIIEpaTyphbl Ha
IUTaCTUYECKHE CBOMCTBA MOPOIIKOBOTO MaTepuaja IMpH ropsdyei ocagke NOpUCTHIX 00pa3IoB
WINHAPUYECKOH (hOPMBI.

[Tnactuueckas  gedopmanus  HarpeTblX  MOPOIIKOBBIX  3arOTOBOK  IPOCTOM
(uunuHapUYEcKoi) (OpMBbI, MPUMEHAEMbIX s u3rotosieHus Meronom [Tl unu ropsueit
mramnoBku (') cnoxHbIX M0 KOHGUIypauuu JeTajled MalIMHOCTPOSHUS, JIOJKHA
OCYLIECTBJIATHCS 0€3 HapyIIEeHUs LIeIOCTHOCTH IOPUCTOr0 MaTepHasa.

IInacTMYHOCTH HArpeToro MOPUCTOrO MaTepuasa U3 >KEJIE3HOrO MOPOIIKA 3aBUCUT OT
MHOTMX TeXHOJIOTH4Yeckux (akropoB mpouecca JI'Tl: rpaHymomeTpuueckoro cocrasa,
UCXOJHOW TOPUCTOCTH 3aroTOBOK [7], cocTaBa IIMXTHI, TEMIEPATyp CIEKAaHUS U HarpeBa
nepes NpeccoBaHUEM.

[TnacTMYHOCTh METAJUIMYECKON OCHOBBI OOpasla ompeaensercsi, rIaBHbBIM 00pa3oM,
CTPYKTYpPOH M XUMHUYECKUM COCTABOM K MOMEHTY €€ ehopMHUpOBaHUS.

Ha nnactu4yHOCTh CBsi3ed Mexay OBIBIIMMM YacTHIIAMU IOPOLIKA BIUSIOT TE XK€
(baxToOphI U, KPOME ITOTO, OHA 3aBUCUT OT YCJIOBUI (hopMUpPOBaHUS 3TUX CBsA3el. CKoIUIeHHe
nerkormiaBkux coeaunenuit (FeS, FeO, NiO, SiO u apyrue) Ha rpaHunax 3€peH dTUX CBs3el
IPUBOJUT K PE3KOMY YMEHBIICHUIO MIJIACTUYHOCTH METajula IPY BBICOKHUX TeMIeparypax [8].

Ilenpt0  HacTOSILIErO0  MCCIENOBAaHUS  SBISETCS  yCTAHOBJIEHUE  3aBUCHUMOCTHU
IUIACTUYECKUX CBOWCTB HArpeToro MOPUCTOTO MaTepHalia M3 METaUIMYECKOIo KeJIe3HOIo
HOPOIIIKA OT TeMIIepaTypbl HarpeBa Ipu CBOOOJHOM Oca/iKe IMINHAPUIECKUX 00pa3IoB.

HccnenoBanus NpoBOAWIM Ha CIEYEHHBIX LNWIMHIPUYECKUX 00paslax M3 JKEeJIe3HOro
nopomka [1XK4C2 ¢ ucxomgHoit mopuctocthio 25 £ 1%, cHedeHHBIX MpU TemmepaType
ten = 1100°C B Teuenne 20 mMuHYT. XMMHYECKHH COCTaB MOPOIIKOBOTO JKEJ€3a IMOCIE
CIIeKaHUs MOKa3al, 4To cojepkanue yrieponaa konebnercs ot 0,04 mo 0,06 %. Ucxoanas
HOPUCTOCTh IPUHUMAJIACh C YUETOM PE3yJIbTaTOB MUCCIEIOBAHUM, IPEICTaBICHHBIX B [7].

Ocanky 00pa3noB IPOBOIUIN C UCIIOJIB30BAaHUEM KOIIPA, YTO MO3BOJIMIIO PErYIUPOBATh
ylenbHyo paboty gedopmuposanust W, KI'c'M/cM> 32 CUET BBICOTBI TOIbEMA yIAPHUKA. ITO
CHOCOOCTBOBAJIO  OMNPENENIEHUI0 TOYHOIO COCTOSHUS  OOYKOOOpa3HOW IOBEPXHOCTHU
ocaxuBaeMoro ooOpasuna. Ha pucynke 1,a mnpuBenena dortorpaduss UHIMHIPUIECKON
MOBEPXHOCTU 00Opa3ua 10 Aedopmanui u 604kooOpa3Hoil moBepxHocTU (puc. 1, 6) B MOMEHT
HOSIBIIEHUS TPEILUH.

Pucynoxk 1 — Cocrostaue nepuepruitHON MOBEPXHOCTH MOPOIIKOBOro oOpasima 1o (a) u mocie (6) ocanku (x30)
[Peripheral surface condition of the powder sample before (a) and after (b) precipitation (x30)]

®duKcUpOBaHWE MOMEHTa HCYEpPIaHWs IUIACTUYHOCTH  (TIOSBJICHHE Pa3pbIBOB
IPOTHKEHHOCTRIO MPUMEPHO 3—4 4YaCTHIl MOPOINKA BAOJAL OCH 00pasiia) yCTaHaBIHWBAIU
BHU3yaJIbHBIM OCMOTPOM 3TOU MOBEPXHOCTH, a TaKXKe NpH yBenunueHuu x30.

Crenenp pnedopmaruu 00pasmoB ompenensyii  4epe3 Kod(pPHUIIUEHThI BBICOTHOM
kn = ho/ h w nonepeunout kg = d / dyp nepopmanuii (rue ho, dp — HadanbHAs BBICOTA U TUAMET]
MOPOIIKOBOW 3arOTOBKH; 4, d — TEKyIIMe 3HAUYCHHUS ITHX TapameTpoB) [9].
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OTH KO3(QPUUMEHTHl NMPUHUMAIN B KaueCTBE OLCHOUHBIX NapaMEeTPOB IJIACTUYECKUX
CBOMCTB HarpeTroro IOPOIIKOBOIO MaTepuaja HpH AUHAMHYECKOH ocaake o0pasloB B
MOMEHT TOSIBJICHUS NEPBBIX TPEIMH: (ki )mp = ho/ hmp;

(kR )mp = dmp / do.

YcTaHoBieHa 3aBUCUMOCTD BBICOTHOM &y, (1, 2) u monepeunoit kg (3, 4) nepopmaruii ot
temneparypsl #,°,C HarpeBa MOPUCTHIX 00PA3LOB Mepesl 0cagKoil (puc. 2, a) IpH Pa3IMUHbIX
yIenbHbIX pabotax nepopmamun: W =5 (rpaduku 1, 3) u W= 6 (rpaduku 2, 4), kI'c-m/cm?,

B skcmepumeHTax moTeps TeMIepaTypbl HarpeBa oOpasloB NpU HUX MEpPEeHoce W3
HarpeBaTeIbHOM NeYH B MpUcocoOsieHne s ocanku coctaBuia 40 — 50°C. Ha pucynkax 2,
a, 6 HaHECeHBI BTOPBIE OCH abCLMCC, HA KOTOPBIX OTMEYEHBI HIKaNbl Temmepartyp fn’, C,
COOTBETCTBYIOIIMX YCIOBHIM OCaJAKU 00Pa3L0OB.

AmHanu3 rpa¢ukoB /, 2, 3, 4 (puc. 2, a) nokasai, 4TOo B UHTEpBaJe TEMIEPATYpP OCATKU
toc = 800 — 900°C mpoucxoauT CHMKEHHUE IoKazatenei k, u kg miiactuueckoi nedopmanuu
00pas1oB, 4To cBs3aHO C (pa30BOM mepekpucTaIu3anuei pepprura B ayCTEHUT. YBEeIUYECHUE
nonu aycreHuTa [10] sBasieTcst OCHOBHOM MPUYMHOM CHUKEHUS TIoKa3aTesiel, KOMTN4eCTBEHHO
OIICHUBAIOIMIUX JedopMaliiio 00pas3IoB, B CBA3H C TEM, YTO ayCTCHUT MEHEEe IIIACTUUCH, YeM

beppur.
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Pucynoxk 2 — 3aBucuMocTH BBICOTHOH k;, (1, 2) 1 moniepeunoii kx (3, 4) nedopmanmii (a) u gedopmaruit (ky )y
(1); (kr Jmp (4) (6)B MOMEHT NOSIBIICHUS TIEPBBIX TPELIMH OT TeMIeparypsl 4,°,C HarpeBa o0pas31oB repexn
ocankoit [Dependences of height & (1, 2) and transverse k;, (3, 4) deformations (a) and deformations ((kx )mp (1);
(kn Jmp (4) (b) at the moment of first cracks appearance on temperature #,°,C of heating samples before upsetting]

Bo3spacTtanue nmokazareseil BRICOTHOH kj M MONIEpeUHO# kr nedopManmii 00pa3oB npu
TeMIiepatypax toc > 900°C BbI3BaHO yBEITMYCHHEM IUIACTUYHOCTH ayCTEHUTHOH ¢a3bl [10].

JUist KaKI0W M3 NPUHATBIX B 3KCIEpPUMEHTax TeMmmeparype Harpesa £4,°,C (puc. 2, 6)
MPOBOMIIA OCAJKy MOPOIIKOBBIX OOpa3loB 10 MOMEHTa IOSBIICHUS Pa3phIBOB (IIEPBBIX
TPEIIMH) Ha ero 004K000pa3HoOi MOBEPXHOCTH (puc. 1, 6).

I'paduku m3MeHeHus mokaszateneil BBICOTHOU (ki )mp (1) u momepeuHoit (kg )mp (4)
nedopmaruii 00pasioB (puc. 2, 6) UMEIOT aHAJIOTUYHBIN XapaKTep U3MEHEHHUIO TPaduKOB ki
u kg (puc. 2, a), 4To B IEPBYIO OYEPEIb CBA3AHO C HEOJIMHAKOBOM MIIACTUYHOCTHIO (heppuTa U
ayCTeHHWTa TP PA3IUYHBIX TEeMIlepaTypax oOcCaaku. MeHbIIas IIACTHYHOCTh ayCTCHUTA
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METAJUIMYECKOr0 Kapkaca [0 CpPaBHEHHIO C IUIACTUYHOCTHIO (Qepputra B HHTEpBAIE
TeMriepatyp to. = 800 — 900°C npuBOAUT K YMEHBIIEHUIO TIOKa3aTelei negopmanun odpasia
B MOMEHT MOSIBJICHHs MEPBbIX TpeumuH (puc.2,6), T0 €cTh MIACTHYHOCTh MOPOIIKOBOTO
MaTepuasa yMeHbIIanach.

Jlns ka0l TemmepaTyphl HarpeBa 0Opas3IiOB B MOMEHT IOSIBIICHHS MEPBBIX TPELIMH
ONPENEISIN YACNbHYI0 paboTy Wy AepOopMaluu U UX INIOTHOCTD Yy (PUC. 2, 6, TpaduKku 3 U
2 cooTBeTcTBEHHO). O4YeBUIHO, MEHbINAS IUIACTUYHOCTh AyCTEHHWTAa MPH TEMIIepaType
toc = 800 — 900°C ymensbiiaet 3HaueHUsA Wy U Yimp B MOMEHT MOSIBIEHUS TIEPBBIX TPEILLUH.

BriBoastr:

1. YcraHOBIEHO, 4YTO, IOMUMO BIHSHUS TOPUCTON CTPYKTyphl 00pasloB Ha
MJIACTUYHOCTh ~MaTepHaia, OHAa 3aBUCUT OT IUJIACTUYECKUX CBOMCTB CTPYKTYpPHBIX
COCTaBJIAIOIIMX META/NINYECKOM OCHOBBI OOpasna Mnpu OHpeAeiaEHHON TeMIiiepaType
(peppuTa, aycTeHHTa) B MOMEHT €T0 OCAIKH.

2. OnTuManbHy0 Temmeparypy AedopManuyd MOPOIIKOBBIX 3aroTOBOK HEOOXOIUMO
BBIOMpATh C Y4ETOM KOHEUYHBIX CBOMCTB MaTepuaia, MoIy4aeMoro TUHAMHYECKHUM TOPSYUM
IPECCOBAHUEM.
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Abstract — The article considers the feasibility of using powder materials for the manufacture of a
number of products used in the nuclear power industry. Taking into account high requirements to
the products operated in nuclear industry, the questions of studying the properties of materials
obtained by powder metallurgy methods and its behaviour in different conditions are topical.
Results of investigations on influence of temperature on plastic properties of powder material
during hot upsetting of porous cylindrical samples are given. It is established that at temperature of
recrystallization (ferrite to austenite transition) plastic properties of porous material decrease.

Keywords: dynamic hot pressing, heating temperature, powdered billet, pore, crack,
recrystallisation temperature, ferrite, austenite, ductility.
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