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BbICOKOHpO‘-IHBIe CTaJlin JJIsd aBPOKOCMI/I‘-IeCKOf/’I TCXHUKHU U TCXHOJIOTUU UX NNPOU3BOACTBA

V]IK 669

HoBble BBICOKONPOYHbIE KOHCTPYKIMOHHBIE

craau pa3spadorku ®I'YII «KBUAM»
bakpanze M.M. 1, K.T.H.; [']pomoB B.1. 1, K.T.H.

1 . .
Deoepanvroe 2ocydapcmeenHoe YHumapHoe npeonpusmue «Bcepoccuiickut
HAYYHO-UCCNIe008amenbCKUull uHCmMuUmym ABUAYUOHHDBIX mamepuanosy,

T'ocyoapcmeennulii nayunwiti yeump Poccuiickou @edepayuu (OI'VII « BUAM »)

Annomauus:

B nacmosiwee epems ocHoguble ycunus pazpadomuuko8 HOBbIX cmanell
HanpaesjieHvl Ha peuleHue CledViouux 3a0ay.

— Co30aHue HOBbIX BbICOKONPOUYHBIX KOHCMPYKYUOHHBIX CIaiell, MoM Yucie
VAPOUHAEMbIX — BAKYVMHOU u UOHHO-BAKYVYMHOU  XUMUKO-MEPMUYECKOU
00pabomkoll, NO360AAIOWUX NOBLICUMb  XAPAKMEPUCMUKU  BbIHOCIUBOCMU U
NPOYHOCIU MAMEPUATLOB.

— Co3z0aHue BblCOKONPOUHLIX KOPPOIUOHHOCMOUKUX KOHCMPYKYUOHHBIX
ceapusaemMvlx cmanel, 8 MOM YUCIe CO CBEePXPABHOBECHIHbIM COOEPHCAHUEM
azoma, 061a0aUUX 8bICOKUM NPOUHOCMBIO U BLIHOCIUBOCHIBIO.

— Co30anue HOBbIX NOOWUNHUKOBBIX CMAJEl N0 C8OUM XAPAKMEPUCTMUKAM
He YCMYNaruum 3apy0ericHbiM aHal02aAM.

Knrwuesuvie cnoesa.

6bICOKONPOUYHAA cmajb, C6EPXPABHOBECNHOE codepofcaHue asoma.
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BricokonpoYHbIe KOHCTPYKIMOHHBbIE CTAJIH

K mnactosmemy BpeMeHm Hanbosee NPUMEHSIEMBIMH B OTCYECTBEHHOM
a’POKOCMUYECKOW TEXHUKE SBIISIIOTCS OTEYECTBEHHBIE ILIEMEHTYEMBIEC CTaju
MapTEHCUTHOTO Kiacca, pazpadoranHeic B ®I'YII «BUAM». K HuUM oTHOCSTCS
ctasiu BKC-10, BKC-5, BKC-7 u ap., ctaTudeckasi IpOYHOCTb KOTOPBIX JOCTHIAeT
1300 MIla nipu TBEpAOCTH LIeMeHTOBaHHOTO ciios > 60 HRC.

Haxonmar cBoe mnpuMeHeHue cTallb MapTeHCUTHoro kiacca OU 415 wu
MHOTOYHUCJIEHHbIE CTaIH nepexoiHoro kinacca (12XH3A, 12X2H4MA u np.).

Pazpaborannas B ®I'YII «BUAM» uementyemas JUCHEPCHOHHO-
tBepaetomas crans (BKC 10VY-1II) nocne BakyymMHO# 1leMeHTaluu o0ecrieurBaeT
TemiocToiikocth Ha ypoBHe 450°C (mmurenbHo), 500°C (KpaTKOBPEMEHHO) H
TBEPIOCTH eMeHTyeMoM nosepxHoctr > 60 HRC.

B OI'VIT «BUAM» pa3paboTaHbl MPOTPECCUBHBIE IKOJIOTUYECKU UYUCTHIC
pecypcocoOeperaromne MpoIecchl  BaKyyMHONW  TEPMUUYECKOM U XHUMHKO-
TEPMUYECKON 00pabOTKH.

[IpenmyimectBa BaKyyMHOM  TEPMHYECKOM W XHMHKO-TEPMUYECKOU
00pabOTKH 3aKJIFOYAIOTCS B CIICAYIOIIEM:

— IOJIHOCTBIO OTCYTCTBYET OKHCIIEHUE TOBEPXHOCTH;

— YMEHBIIIAETCS] YPOBEHb MPUITYCKOB Ha METAJII000pabOTKY;

— BOJIOPOJIHOE OXPYTUMBAHUE MOBEPXHOCTH CTAIH UCKIFOUAETCS;

— KopoOJsieHue aeraneit u ux aedopmariusi CBEJACHbl K MUHUMYMY;

— TapaHTUPYETCS] MAKCUMAJIbHOE Ka4eCTBO TEPMOOOPAOOTKY;

— DKOJIOTHYECKHU YHCTasi 0€30MacHOCTh TEXHOJIOTUH;

— HKOHOMMSI pacX0/1a AIEKTPOIHEPIHH;

— yIpaBJIeHHWE U KOHTPOJIb POLIECCa MOJIHOCThIO ABTOMATU3UPOBAH.

JIns. U3roTOBJIEHUSI BBICOKOIPOYHBIX JETAJIEM aBHAMOHHOM TEXHHUKH B

OI'VIT «BUAM»  pazpaboTaHa  BBICOKONPOYHAS  CpEAHENIETUPOBAHHAs
koHcTpykimoHHass ctamb  BKC9-UJ[  (35XC2H3MI1DA-U]T), obnanaromas

npouHoCThIO cBhime 1950 MIla u paboTocmocobHas B TeMnepaTypHOM HHTEpBAJIC
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ot -70 mo 250°C. Crasnb MOXET ObITh M3roTOBJIeHA B KpynHOM copte (300 mm),
oOnamaer BBICOKUMU XapaKTEePUCTHKAMU BA3KOCTH, IUTACTHYHOCTH,
COMPOTHUBJICHUSI KOPPO3MOHHOMY pACTPECKHUBAHHIO, YCTAJIOCTH, IO CBOUM
XapaKTEpPUCTUKAM TPEBOCXOJUT IMIMPOKO MPUMEHSEMYI0 OTEYECTBEHHYIO CTallb
30XI'CH2A u e yctynaeT 3apyoexxnoi crainu 300M aHaloOrMYHOrO Ha3HAYCHHUS.

B OI'VII «BUAM» pa3paboTaHbl BBICOKOTPOYHbIE KOHCTPYKIIMOHHBIE
oesyriepoaucteie MapTeHcuTHOCTaperomue cranu mapok BKC 170, BKC 180 ¢
cucremoiri yierupoBanus Fe-18Ni-9Co-Mo-Ti, umeromnye ypoBeHb MPOYHOCTH G,
ot 1570 u 1720 MlIla. Pa3paboTannbie cTanu 001a/1al0T YHUKAIbHBIM COYETAHHEM
(U3UKO-MEXaHUYECKUX CBOMCTB: HapsAQy C BBICOKUMHU IPOYHOCTHBIMU
XapaKTEPUCTUKAMHU (G, CGo2, Op) OHU UMEIOT BBICOKYIO BS3KOCTb, IJIACTUYHOCTb,
CONPOTUBJICHUE YCTAIOCTH, KOPPO3UOHHO-BOJOPOJHOMY PACTPECKUBAHHUIO U
XpYIIKOMY  pa3pylieHHI0,  OO0JaJaroT  TEIUIONPOYHOCTBIO U HHU3KOU
XJIaTHOJIOMKOCTBIO.

Cranu pgaHHOW CHUCTEMBI JIETUPOBaHUS OOJaJalOT HEOrpaHUYECHHOU
MPOKAIMBAEMOCTBIO U BBICOKOW TE€XHOJOTMYHOCTBHIO MPHU M3TOTOBJIEHUU AETallel
(He TpeOyrT NpPEIBAPUTEIBLHOTO OTXKHra, B 3aKaJIEHHOM COCTOSIHUM HUMEIOT
tBepaocTh 24-32 HRC), 4ro mo3BoasSeT MPOBOAUTH Pa3IMYHbIE BHUJBI XOJOTHON
00paboTKH JaBieHUEM (PacKaTKy, BHICA/IKY, HAKATKY Pe3b0bl) U 0€3 3aTpyaHECHHM
MIPOBOJIUTH MEXaHUYECKYIO0 00pa0OTKY pE3aHHUEM.

Ynpounstomiasi 00padoTka (CTapeHHE) MAPTEHCUTHOCTAPEIONIUX CTajen
NpoBOAUTCS TMpu HU3KUX Temneparypax (~500°C) 3a cuer BbIIEICHUS W3
0e3yraepoaucTou MapTEHCUTHOM MaTpPHUIIbI BBICOKO/IMCTIEPCHBIX
uHTepMeTauaoB — npeumyinectBeHHO NisTi. Tlpu 3ToM M3MeHEHHE pa3MepoB
MUHUMAJIbHO, HE BO3HUKAeT TMOBOJAOK © KOpPOOJIEHWH, OOBIYHBIX  JIJISt
CpEIHETIETUPOBAHHBIX CTale, KOTOpbIE YHPOYHSIOTCS 3aKaIKOH OT BBICOKUX
TEeMIIEpaTyp.

[IpoBeneHHbIE HCCNEAOBAHUS XAPAKTEPUCTUK JIUTEIBHOM NPOYHOCTU U

MOJ3YUECTH MapTCHCUTHOCTAPCIOINUX 6GSYFJI€p0,Z[I/ICTBIX crajaeu IIOKa3aJik, 4TO UX

Bcepoccuiickass Hay4YHO-TeXHU4YeCKash KOHepeHLUs CtrpaHuua 8



BbICOKOHpO‘-IHBIe CTalau 4Jjid aBPOKOCMH‘{CCKOﬁ TCXHUKHU U TCXHOJIOTUU UX NNPOU3BOACTBA

MOXHO pacCMaTpuBaThb KaK TMEpPCIEKTUBHBIM MaTepuanl sl aBUALMOHHBIX
neurateneit (BamoB I'TJI), pabGotaromux npu temneparypax ao 400°C, B3ameH
TpaauIMOHHO TpuMeHsembix craneid OII517 u DM961. TloBhiieHne BecoBOM
abdexTuBHOCTH U jgodaroBedyHocTd BamoB [TJ[ 3a cuer wuCHONB30BaHUA
MAapTEHCUTHOCTAPEIONIUX CTAJICH, MO3BOJWIO NpuMeHUTh ctainb BKC-170 musa
uzrotosienus BasioB TH/I neurarens I1/[-14, a crame BKC-180 pekomeHoBath
s Bana TH/I mepcrieKTUBHOTO BEPTOJIETHOTO IBUTATENS.

B Poccun s W3roTOBIEHUS TEIJIOCTOMKUX TMOJUIMITHUKOB IIHPOKO
ucnonszyercss craib 8X4B9D2-111 (DU347). Crans D347 obGnagaeT BBICOKOM
MPOYHOCTBID M TEIUIOCTOMKOCThIO. OJHAKO CTPYKTypa 3TOM CTadd MOXKET
XapaKTepU30BaThCSl BBICOKOW KapOMJAHOM HEOJHOPOIHOCTHIO, YTO KpailHe
HEOJIaronpusTHO Il TMOAIIMIHUKOB. KapOujgHas HEOJHOPOJHOCTh MOJKET
CIIOCOOCTBOBATh BBIKpAIIMBAHUIO pPaOOYeil MOBEPXHOCTH MOJIIMITHUKOB, YTO
CHUYKAET UX JOJITOBEYHOCTD.

3a pyOeKoM JJI U3TOTOBJICHUS TETUIOCTOMKUX MOAIIUITHUKOB MTPUMEHSIETCS
ctanb M50, oTnuyaromascss BBICOKUMHU TMPOYHOCTHBIMM CBOMCTBAMH, BBICOKOU
TEIUIOCTONKOCThIO, HU3KOM KapOUTHON HEOTHOPOIHOCTHIO.

B ®I'VII «BUAM)» co3mgaHa TEIUIOCTOMKAsT MOMIIMITHUKOBAs CTallb
8XSM3B®b (BKC241), ne ycrynaromas cranu M50 u mpeBocxopsiias cTailb
DU347 no kapOuIHOM HEOTHOPOHOCTH 1MOy(haOpHUKaTOB U3 HEE.

Pazpaborannass crans BKC241 conmepXUT 3HAYUTENBHO MEHbIIIEE
KOJIMYECTBO JICTUPYIOIIUX JIEMEHTOB BOJIbppamMa U MOJIMOACHA 110 CPABHEHUIO CO
ctanbio DN347.

[IpoBenennubie DPI'YII «BUAM» u AO «MeTtamiypruueckuii 3aBojl
«IJEKTPOCTaIby HAYYHO-UCCIEI0BATEIbCKHUE paOOThl TMO3BOJIMIIM pa3padoTaTh
TEXHOJIOTUIO  BAaKyyMHO-UHIYKIIMOHHOW  BBIIJIABKH,  BaKyyMHO-IyTOBOTO
neperuiasa u ropsiued qeopmaruu cranu BKC241.

B ycnoBusix OAO «EIIK Camapa» npu TEXHOJOTHYECKOM COMPOBOKIACHUU

OI'YII «BUAM» M3rorosiieHa ONBITHO-IIPOMBILIJICHHAS TAPTUS MOAIINUITHUKOB U3
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ctanu BKC241 u npoBeneHsl UX CTEHIOBBIE MCIBITAHUSA, B PE3YJbTATE KOTOPBIX
YCTAHOBJICHO, YTO BCE MOJAIIMIHUKK OTPaOOTaaud Ha CTEHAE YCTaHOBJICHHBIN
pecypc 6e3 3amedaHuil.

B ycnoBusix paboThl B KOPPO3HMOHHOM Cpeje, HampumMep, BO BIAXKHOM
MOPCKOM  KJIIMMaTe, HEOOXOAWMBI  MaTepHasibl, OOJajaronue  BBICOKOMH
KOPPO3MOHHOM CTOMKOCThIO. B aBumanum K KOPPO3HMOHHOCTOMKUM CTalsM
NPEABABIAIOT MUPOKUN psii TpeOOBAHUMN: BBICOKHME MPOYHOCTH, COMPOTUBIICHUE
MOBTOPHBIM HAarpy3kaMm, CTOWKOCTh K KOPPO3HMOHHOMY pPACTPECKHUBAHHIO U
OJIHOBPEMEHHO IIJIACTUYHOCTH U BSA3KOCTH [1].

[TepcrieKTUBHBIMU SABJISIIOTCSI KOPPO3MOHHOCTOMKHNE XPOMOHUKENIEBBIE CTAN
MapTEHCUTHOTO W  TEPEXOJHOT0  (ayCTEHUTHO-MApTEHCUTHOIO)  KJIACCOB,
JISTUPOBAHHBIE COBMECTHO YIJIEPOJIOM M a30TOM. A30T, KaK U Jt0O0W SJIEMEHT
BHEJIPEHUS, TIOBBIINIAET MPOYHOCTHHIE CBOWMCTBA  MaTepualoB,  OJHAKO
a30TcoJiepKallie CTad Oo0JaJarT 0OoJjiee BBICOKMMH  XapaKTePUCTUKAMU
MJIACTUYHOCTH, BSI3KOCTh Pa3pylICHUs, KOPPO3UOHHON CTOMKOCTH MO CPABHEHHUIO C
TPAAULMOHHO MPUMEHSIOIMMUCS XPOMOHHUKEIEBBIMA KOPPO3HMOHHOCTOMKUMU
CTaJISIMH.

OnHUM W3 TPEICTABUTENICN CTajeld C MOBBIIICHHBIM COJEPKAHUEM a30Ta
(0,12-0,13 % mMacc.) SBISETCS  BBICOKONPOYHAS  KOPPO3HOHHOCTOMKAS
skoHOMHoJierupoBanHas ctaib BHC-74 (05X16H5AB) mapreHcuTHOro Kiacca,
pazpaborannas PI'VII «BUAM» coBmectHo ¢ UMET PAH um. A.A. baiikoBa
JUISl UBTOTOBJICHUS KPEMEKHBIX JIETAJICH.

B mammHocTpoeHuu ISl U3roToBIECHUs Kpenexa (00aToB, Taek U T. 1.), B
TOM YHCJIe CIOKHON (POPMBI U MaJBIX Pa3MEPOB, UCIIOIB3YETCS METOJ XOJIOHON
BBICAJIKH, TIO3BOJIAIONIMN H3TOTOBIATH HU3MEIUS, MPAKTUYECKH HE TpeOyrolue
nocJeAyoIIel MeXaHn4ecKor o0paboTku. [JaHHbIl MeToa oOecriedynBaeT AeTaasiM
KaueCTBO, HAJEKHOCTh M TMPOYHOCTh 33 CYET COXPAHEHHSI MPABUIBLHOTO
pacrnonokeHus: BOJIOKOH B fetaisx [2]. [Ipouecc X0n0aHOW BBICAAKHA 3aBUCUT OT

MHOI'UX (b&KTOpOB, OCHOBHBIMHU H3 KOTOPBIX ABJIAIOTCA INIACTUYHOCTbL MaTCpHralia,
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nojaBepraeMoro jaehopMalii, XUMUYECKUHA COCTaB, MEXaHUYECKHUE CBOMCTBA,
BEJIMYMHA 3€pHA.

Crane BHC-74 ¢ npounocthio 6,>1400 MIla, pa3paboranHas s
U3TOTOBJICHHUSI BBICAJIHOTO KpETeXa, IOJIy4aeMOro XOJIOAHON nedopmaiuei,
o0najaeT  BBICOKMMH  MPOYHOCTHBIMU  XapaKTEpPUCTUKAMU U BBICOKOM
TE€XHOJIOTHYHOCTBIO.

UccnenoBanue MEXaHUYECKUX CBOICTB KpEIMEeXHBbIX  JIeTaleH,
m3roroBieHHbix Ha OAO «Hopmane» u3 crasmm BHC-74, mokazano, 4to mnpu
BBICOKOM MPOYHOCTU JETaJd O00JIaJaloT BBICOKOM IUIACTUYHOCTBIO W HE
YyBCTBUTENIbHBI K Tmepekocy 6 rpan. Crane BHC-74 pexomennyerca s
’KCIUTyaTtanu npu Temmeparypax oT -70 mo +200°C BO BCEKIMMATUYECKHX
YCIOBUSIX.

bonee BwicOkoi mpoyHOCTHIO G, > 1750 MIla obnamaer paspaboTaHHas B
OI'VIT «BUAM» xopposuonHoctoiikas crans BHC-72 (15X14H4T'AM),
cogepxkamas Ao 0,14-0,15% a3ora, koTopass OTIWYAETCS TMOMHUMO BBICOKHX
MPOYHOCTHBIX TMApaMETPOB) BBICOKMMH IUIACTUYHOCTHIO, HAJIEKHOCTBIO U
tpemuHocToiikocThio  [3]. Cranp NpUHAMICKUT K MEPEXOJHOMY  KIIACCY,
YOPOUHSIETCS 3a CUET CyYMMAapHOIo cojepkaHus azora u yriaepoaa ~0,30% wu
oOnamaeT 6oJiee BRICOKOW MPOYHOCTHIO TPU COXPAHEHUU BBICOKOW TUIACTUYHOCTH
U TPEIMHOCTOMKOCTH IO CPAaBHEHUIO € OTe4YecTBeHHOW crampro BHC-5 nu
3apy0OexxHol ctanpio AM-355.

B psage coydaeB mpoBeleHHE TEPMHYECKOM 0OpabOTKH  CIIOXKHBIX
KPYIHOTA0ApPUTHBIX CBAPHBIX KOHCTPYKIIMKA C OOJIBIIUM TIEPEnajioM CEUEHUS
BecbMa npobseMatuyHo. {5 pemieHust 3Toi mpoOJIeMbl CO3/1aHa BBICOKOTIPOYHAS
koppo3uonHocToiikas crtane BHC-73 (10X13H4K4M3C2A), He TpebOyromias
00s13aTENHHON TEPMUIECKON 00pabOTKH MOCIIE CBapKH.

Xumundeckuii coctaB craiiu BHC-73 pa3paboran Ha 0aze XHMHYECKOIO
cocTtaBa mupoko npumensemont cramu III817 (06X14H6JI2MBT) anamoruaHoro

Ha3Ha4YCHMHA. OI[HaKO AOIIOJIHUTCIIbHOC JICTUPOBAHUC 9TOM CTalu a30TOM,
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KpPEMHHUEM M KOOaJIbTOM MO3BOJWIO TOJIYyYUTh Marepuan ¢ 0ojiee BBICOKUMU
XapaKkTepUCTUKAMH TMPOYHOCTH U HAJEKHOCTU (CKOPOCTh pPOCTa TPEIIUHBI
YCTAJIOCTH U COINPOTHUBJICHHE MAaJOLMKIOBOM YCTaJIOCTH) KaK CBAapHbBIX, TaK U
HecBapHbix geranei. Ctans BHC-73 ¢ npouHocThio 61375 MIla npegnaznauena
JUISl M3TOTOBJICHUSI CHJIOBBIX J€Tajledl CaMOJIETOB, JTUTENBHO pabOTarONIMX MpU
temmneparypax oT -70 g0 +200°C Bo BcexmmmaTudeckux yciaoBusax. Ctans BHC-73
XOpOILIO CBapuBaeTcs aproHo-ayroBoit cBapkoi (ApJ2C) ¢ mpucaakoit u 6e3
MIPUCAJIKH, TIOCIIE CBAPKHU HE TPeOYyeT 00s3aTeIbHON TEPMOOOPAOOTKHY.

Bce Oonee mmpokoe NTpUMEHEHHE B MHUPE B PAa3IMUHBIX OTPACIAX
MPOMBIILJICHHOCTH HAaXOASAT CTajld CO CBEPXPABHOBECHBIM COJCP)KAHUEM a30Ta.
Takue cramm TpeOYIOT CHENMATBHBIX METOJOB BBIIJIABKH U PadUHUPYIOIIETO
neperuiaBa, B YaCTHOCTH B MeYax dJIEKTPOIIIAKOBOTO MeperuiaBa moJi n30bITOUHBIM
JABJICHUEM a30Ta. OJIEKTPOUUIAKOBBIM TMEperiaB MOJ JaBJICHUEM IO3BOJISET
MOJIy4aTh CIUTKH C IJIOTHOM (OTCYTCTBUE MOP) U JUCTIEPCHON MAKPOCTPYKTYPOA.

B ®I'VII «<BUAM» BnepBble B Poccum uW3rotoBieHa W 3alynieHa B
AKCILTyaTaIio Medhb 3JEKTPOINIAKOBOTO TeperuiaBa nmoj aaiernem JDOIIIT-0,1
MOJIYIPOMBIIIUIEHHOTO TUIa [4].

B npoBezneHHbIEe UCCIEeNOBAHUS U Pa3pabOTKU B 00JIaCTH BBICOKOA30TUCTBIX
CTaJIeH MO3BOJIVIIN OI'VII «BUAM» CO3/11aTh BBICOKOIIPOYHYIO
KOPPO3MOHHOCTOMKYIO CTalb C CBEPXPAaBHOBECTHBIM COAEPKAHUEM a30Ta MO
CBOMM XapaKTepUCTUKaM He ycrynaromed 3apyoexHoid cramu — Cronidur30.
PazpaboTanHyro cTasib MpeanoyiaraeTcss MPUMEHUTh  JUIsl  W3TOTOBIEHUS
MPEIU3UOHHBIX MAPUKOBBIX MOANIMITHUKOB KaueHUSI.

OcoO0bIi1 uHTEpeC MpeCTaBIsSIET ayCTEHUTHAsT KOPPO3MOHHOCTOMKASI CTajlb
BHCS53-I1[] ¢ npouHocthio G, > 980 Mlla, oTnuyaromascsi 3HaYUTEIBHO OoJiee
BBICOKUMU MEXaHHUYECKUMH CBOWCTBAMU MO CpPABHEHHUIO C TPAJUIMOHHO
NpUMEHsSIEMOH B a3pokocMuueckoil Texuuke cranbio 12X18H10T (56,2600 MITa).

N3roToBnenne TpyOOIPOBOIOB THAPABINYECKON CHCTEMBI Ta30TYPOMHHBIX

nsurateneid u3 ctanu BHCS3-T1/] mo3BOJUT MOBBICUTH BECOBBIE XAPAKTEPUCTUKU
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JIBUTATENSl 32 CUET YMEHBIIEHUS TOJIIMHBI CTEHOK TPyOONpPOBOAOB, IIOBBICUTH
KPaTKOBPEMEHHYIO U YCTAJIOCTHYIO TPOYHOCTh IO CPABHEHUIO C CEPUITHOM CTAJIBIO

12X18HI10T.

3akiiroueHue

Boicokue kommerenuuu OI'YII «BUAM» B ob6mactu pa3paboTku H
IIPOM3BOJICTBA MATEPHUAIOB JUISl A3POKOCMMYECKOW OTPACIA MAIIMHOCTPOCHUS
MO3BOJIAIOT MPEIIOKUTH HAILIMM NTapTHEPaM

Paszpabomky:

— HOBBIX COCTaBOB TETUIOCTOMKHUX KOHCTPYKITMOHHBIX u
KOPPO3MOHHOCTOMKHUX IEMEHTUPYEMbIX, a30TUPYEMBIX U O0OBEMHO-YIIPOUHSIEMbIX
CTajel il IeTalle MallliuH, BKJIF04asi MOAIINITHUKOBBIE CTAIIH;

— TEXHOJIOTMYECKHX  MPOLECCOB  METALIYPTUYECKOTO  MPOU3BOACTBA,
TEPMUUECKON W  XHUMHKO-TEPMUUYECKOM 0OpaOOTKM KOHCTPYKIIMOHHBIX W
KOPPO3UOHHOCTOMKHUX CTAJIE;

— HOPMAaTUBHOW JTOKYMEHTAMH N0 METAUIYPTUYECKOMY HPOU3BOJCTBY
nonydabpukaroB,  TepMHUECKON  00OpabOTKE U  XMMHUKO-TEPMUUYECKOM,
MPUMEHEHUIO0, OCOOCHHOCTSM KOHCTPYUPOBAHUS M TEXHOJOTUU W3TOTOBJICHUS
JeTajer U3 KOHCTPYKIHOHHBIX U KOPPO3UOHHOCTOMKHUX CTaJIEH.

Ilocmasky:

— OMBITHO-TIPOMBIIICHHBIX napTui nosryhabpuKaToB u3
KOHCTPYKIIMOHHBIX U KOPPO3HUOHHOCTOMKHUX CTAJIEH;

— OIBITHO-TIPOMBIIIJICHHBIX TMAPTUH JeTajgeil U mnoidypadpukaToB MOCHE

TEPMUYECKON ¥ XUMUKO-TEPMUIECKON 00pabOTKH.
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[ToBbIienre BecoBOM >P(HEKTUBHOCTH M pecypca IpHu pa3pabOTKE HOBBIX
ABHALIMOHHBIX JBUTATENIEN ABJISETCA aKTyaJbHOW 3aJader. MarepuanoBenuecKkon
3ajlayeil B 3TOM BOIIpOCE SIBISIETCA pa3pabOTKa MaTepuaioB C MOBBIIICHHON
yAEIbHON MPOYHOCTHIO, B YACTHOCTU JJI TaKUX TrabapUTHBIX JeTajel Kak Bajbl
THJI. B Hactosimiee BpeMsT B KOHCTPYKLMSIX OTE€UYECTBEHHBIX aBUAIIMOHHBIX
JBUratreyiel  JJisl  W3TOTOBICHHUS  BAJIOB  TPAJAUIMOHHO  HWCIOJB3YHOTCS
TEIUIONPOYHbIE MapTeHCUTHbIe Xpomucteie ctamu OM961 (13X11H2B2MO®),
OII517 (15X12H2M®BA-b), 211866 (15X16KSH2MB®AB), paborocriocoOHbIe
1o Temneparyp 600—650°C u Tepmudecku oopadaTeiBaeMble Ha MpouHOCTh (1080-
1120) MITIa [1-4].

3ajgadya CyIIECTBEHHOTO CHIJKEHMSI MAacChl Bajla IyTEM MOBBIIICHUS
MPOYHOCTHU CTajJell JAHHOTO KJlacca MPAKTUYECKH HEBBIMOJHMMA, TaK KaK J1axke
HEOOJIBIIOE TOBBIIIEHWE TpouyHOCTH Ha ~ 10% 3a cyeT [ONMOTHUTEIHLHOTO
JIETUPOBAHUSI MPUBOAUT K CHUKEHUIO XapaKTEPUCTUK IJIACTUYHOCTU CTalH, a
TaKKe HaJeKHOCTU MaTepuasa, B TOM YUCJE TPEIIMHOCTOMKOCTH U BA3KOCTH.

JIist penienus 3a1a4u MOBBIIEHUSI BECOBOM A(D(PEKTUBHOCTH KOHCTPYKITUI
MPEJCTABISAECT MHTEPEC HCNoJb30BaTh g BaimoB [T/l  BbICOKONpPOUYHBIE
KOHCTPYKIITMOHHBIE 0CO00 HU3KOYTJIEPOJIUCThIC MAPTEHCUTHOCTAPEIOIIE CTallv
cuctemsl sierupoBanus Fe-18Ni-Co-Mo-Ti, paszpaboranusie Bo OI'VII « BUAM»:
BKC-170 (5,>1570 MIla), BKC-180 (5,>1720 MIla), BKC-210 (5,21900 MIIa).
Crane BKC-210 pekomeHioBaHa il CBapHbIX W HECBApPHBIX JETajeH,
paboraromux mpu Temmeparypax a0 280°C; crans BKC-170 — mnst cBapHBIX H
HECBapHBIX  JeTajed, Kpemexka, OKCIUIyaTUPYIOIIUXCS  UIMTENIBHO  CO
BcemMaTnaeckux ycnoBusix oT -196°C mo 400°C; cramp BKC-180 — nmns
CWIOBBIX JeTaliedd, pabotatomux mnpu Temreparypax ot -70 mo 400°C c
COOTBETCTBYIOIIEH 3aIUTON OT KOppo3uu [5—6].

JlanHble cTayin 00J1aJIal0T YHUKATBHBIM COYETaHUEM (PU3UKO-MEXaHUYECKUX
CBOWCTB: Hapsily C BBICOKMMHU MPOYHOCTHBIMHU XapPaKTEPUCTHKAMH (Gyy, G2, Og)

OHM HMMCIOT BBICOKYIO BA3KOCTb, IINIACTHUYHOCTH, COIPOTHUBIICHUC IIOBTOPHO-
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CTaTUYECKUM  Harpy3kam, KOPPO3MOHHO-BOJOPOJHOMY PpAaCTPECKUBAHUIO U
XpYIOKOMY  pa3pylIeHHIO,  O0NagaroT  TEIJIONPOYHOCTbIO U HU3KOU
XJIaTHOJIOMKOCTbIO. MapTeHCUTHOCTAPEIONUE CTalld CHUCTEMbl JIETUPOBAHUS
Fe-18Ni-Co-Mo-Ti Hanuiy npuMeHEHHE IS M3TOTOBICHUS TSHKEIOHATPYKEHHBIX
JieTalel 1 y3JI0B CaMOJIETOB (AeTallell Iaccu, oceil, 00NTOB KPEIUICHHs Kpblla U
Gro3ensika, MIECTEPEH PEYKTOPOB arperaToB YIPABJICHHS CaMOJIETOB, a TaKXe
JeTajneil OpOUTaIbHOTO KOCMUYECKOTo Kopabms «bypany).

Bbicokne XapakTepUCTUKU IUIACTUYHOCTH C OJHOBPEMEHHO BBICOKOM
IPOYHOCTHIO 00YCIIOBIIEHBI ITOJIyY€HUEM BBICOKOIIJIACTUYHOTO MAPTEHCHUTA 3a CUET
KOMILJIEKCHOTO JierupoBanusi HukeneM (~ 18%), kobGampTtom (~ 8-9%) mnpu
MHUHHMAaJIbHOM cojiepxkannu yriaepona (< 0,03%), aszora, mapranma (< 0,1%),
kpemHus (< 0,1%), ceppl u ¢dochopa, a Takxke cHeuuadbHbIMH PEXKUMAMU
BBIIUIABKM M ropsuyedt aeopmaruu. B Tabnuue 1 mpuBeneHbl NpPOYHOCTHBIE
CBOICTBA, XapaKTePUCTHKHU HA/IC)KHOCTH U TPEUMHOCTONKOCTH
MapTeHCUTHOCTapermux craineil B cpaBHeHuu ¢ 30XI'CH2A, B Tabmuue 2 — ¢

MPUMEHSIEMBIMU XKAPOIPOUYHBIMU XPOMUCTHIMU cTainssMu DI1517 u S1961.

Tabmuna 1

[Ipo4HOCTHBIE CBOMCTBA, XapaKTEPUCTUKHN HA/IEKHOCTH U TPEIIMHOCTOUKOCTH
MapTeHCUTHOCTaperomux craneit B cpasHennu ¢ 30XI'CH2A

Mapka cramu | Temneparypa| 6., | ooz | o, | w | KCU Kic c,'lo, G4
UCIBITAaHUH
°C MIla % | Jox/em® | MIa-Vm MIla
HE MEHee N=1x10"ig

+20 1300 | 1520 | 1570 | 60 49 115 1,6 660
BKC-170 -70 1400 | 1600 | 1700 | 50 39 108 15 -
-130 - - 1900 | 50 39 105 15 -
-196 1700 | 1900 | 2000 | 40 35 - 1,3 -

BKC-180 +20 1380 | 1610 | 1720 | 50 49 105 15 700
-70 1530 | 1700 | 1770 | 50 49 90 15 -

+20 1620 | 1810 | 1900 | 45 30 80-85 1,35 720
BKC-210 -70 - 2000 | 2050 | 40 27 60-70 1,25 -
-130 - | 2060 | 2100 | 35 20 60 1,2 -

30XI'CH2A +20 1000 | 1350 | 1700 | 45 59 80 1,3 660
-70 1100 | 1450 | 1800 | 40 44 45 1,25 -

* - 00pa3iel uMHApHUeckue ¢ Haape3oMm (K=4,0)
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Tabmuna 2
CpaBHutensHble MexaHnuueckue cBoiicTa ctaneid BKC-170, BKC-180, 211517, 911961 npu

IMOBBINICHHBIX TEMIIEpATypax

Mapka Temneparypa Go,2 Cs O G100 60,2/100t
cTajin HNCIIBITAHUN
°C MIla
BKC-170 20 1520 1570 660 - -
400 1200 1330 | N=1x10’ 490 1000 800
950+ 460+
450 1100 1230 - 780 460
BKC-180 20 1610 1720 650 - -
400 1250 1380 510 1100 800
450 1200 1300 | N=2x10’ - 800 470
DII517 20 950 1100 550 -
400 800 850 490 880
450 770 800 - 780
PU961 20 950 1100 520 -
400 850 950 N=1x10’ - 770
450 800 930 - 710

* TIpy UcbITaHuK Ha 6aze 1000 u.

Cramu yKka3aHHOM CHCTEMbI JICTUPOBAHUS XapaKTEPU3YIOTCS BBICOKOM
TEXHOJIOTUYHOCTBIO, O00Jalaf0T CKBO3HOW TPOKAIMBACMOCTBIO, B HHTEpPBAJC
temnepatyp (850-1200)°C o0magaroT BBICOKOH TOpsYel TEXHOJOTHYECKOM
MJIACTUYHOCTBIO C JIOMYyCTUMOM cteneHbio aedopmaruu 10 80% U B 3aKaJieHHOM
COCTOSIHUA MMEIOT CTPYKTYypYy O€3yriepoJucToro MapTEeHCUTa C HEBBICOKOM
TBepaocThio (24-32 HRC), uto mo3BossgeT M30€KaTh 3aKaJOYHBIX TPEIIUMH W
MPOBOJIUTh PA3JIMYHBIE BHUIBI XOJOJHOW 0OpabOTKH JaBieHHEM (pacKaTKy,
BBICAJIKYy, HAKATKy pe3b0bI), a Tak ke 0e3 3aTpyAHEHUN MOJIBepraTh MEXaHUYECKON
00paboTKe pe3aHuem.

VYrpouHeHre dTUX CTalel JOCTUTAETCS 3a CUET MUCIIEPCUOHHOTO TBEPICHMUS
npu Ttemnepatype ~ S00°C B pe3ynabTare BBIACICHHS, B OCHOBHOM,
MEJIKOAMCIIEPCHBIX MHTepMeTaTuanbIX ¢a3 Tuma NizMo, NisTi, Niz(TiMo). TIpu
TaKOM MEXaHHM3ME YIPOYHCHUS TPAKTHYCCKH OTCYTCTBYIOT TIOBOJKH U
KOpoOJieHne AeTaleil, 4TO B CBOIO OYepe/Ib MO3BOJISET U3 3aKAJICHHBIX 3arOTOBOK
U3TOTOBJIATh TMPAKTUYECKH TOTOBBIE JI€Tald C HEOOJBIIMMU TPHUIYCKaAaMHU TIOJ

YHUCTOBBIC pa3MCPBHI.
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IIpu METAJLTYPTrAYECKOM IIPOU3BOJICTBE BBICOKOIIPOYHBIX
KOHCTPYKIIMOHHBIX MapTEHCUTHOCTAPEIOIIUX CTalied JJIsl TOJIYYEHHS BBICOKOMU
YUCTOTHl MO HEMETANIMYECKUM BKIIIOUEHHUSIM M CHIDKEHHMS Ta30BBIX MNpHUMECEN
WCIIOJB3YIOT CHENUATIbHBIE NYIJIEKC-BAKYYMHBIE METOJIbI BBIIUIABKU: BaKyyMHO-
WHYKIIMOHHASl BBIIJIABKA C TMOCJIEAYIONIUM BaKyyMHO-IyTOBBIM IE€PEILIABOM —
(BU + BAII) = U]/ unu BaKyyMHO-WHIYKIIMOHHAsl BBIIIABKA C IOCJICAYIOIIUM
ANEKTPOHHO-Iy4YeBbIM TieperiaBoM — (BU + DJII) = WUJI. [IpumeneHue Takux
CIIOCOOOB BBITIJIABKH, a TaK)K€ MCIOJIb30BaHUS YHCTHIX IIMXTOBBIX MaTEPHUAJIOB,
CHEeIUalIbHBIX  CIOCOO0B  packucieHus 1menounbiMd (Ca wim Mg) u
MoauduuupoBanus penkosemensHbiMu (Ce, La, Y) Meramiamu CyHmieCTBEHHO
MOBBIIAET IUIACTUYHOCTh M YMEHBIIAET AHU30TPOIIUIO CBOWCTB, YTO SIBJISETCA
KITIOYCBBIM (PaKTOPOM IS KpYITHOTaO0ApUTHBIX JeTanei [7-9].

HeoOxonumMo OTMETHUTh, YTO MPUCYTCTBUE B YKa3aHHBIX CTajsX THUTaHa
CO37a€T TPYAHOCTH B OOECIEUEHUU BBICOKOW BSI3KOCTH M IIACTUYHOCTU TIPH
W3TOTOBJICHUM KPYIHBIX JeTalieid. YTIepod U a30T, SBISAIONIUMECS BPEIHBIMU
SJIEMEHTAMHU ISl MapPTEHCUTHOCTAPCIOIINX CTayiel cucTembl JiernpoBanus 18Ni-
Co-Mo-Ti, 00mamaroT BBICOKUM XMMHYECKUM CPOJCTBOM C THTAHOM, 00pasys C
HUM TPYAHOPACTBOPUMBIC KapOUIbl WU KapOOHUTPUIIBI U BBIBOJS TUTAH W3
TBEPIOTO  PAcTBOpPa, CHWXKAIOT MPOYHOCTHBIE  XAPAKTEPUCTHUKU  CTajei.
O6pa3yromuecs: KapOUIbl WK KapOOHUTPHUABl TUTAHA BBIACISAIOTCS B OCHOBHOM
[0 TpaHUllaM ayCTEHUTHOrO 3€pHAa, YTO NPUBOAUT K CYHIECTBEHHOM MOTEpe
MJIACTUYHOCTH CTajJiel U MOYKET IMOBJICYb MPEKIEBPEMEHHBIE XPYIIKOE Pa3pylICHUE
Marepuana. TunuuHas MHUKPOCTPYKTYpa CTaJIEd pAaCcCMaTPUBAEMOM CHUCTEMBI
JIETUPOBAHUSA C KapOOHUTPHUIHBIMU BBIJCICHUSIMU TPEACTABICHA HA PUCYHKE 1,

U3JIOMBI 00PA3I0B C XPYNKUM Pa3pyLIEHUEM — Ha PUCYHKE 2.
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C S
Puc. 1 — MukpocTpykTypa MapTEHCUTHOCTAPEIOLIUX CTajel ¢ KapOOHUTPUTHBIMU
BoeiaesteHusmu (<500 u x1000)

Puc. 2 — M3n0mbl 00pa3LioB ¢ OXpYMUUBAIOIIMMU BbIJICIEHUSAMH (IIONEPEYHOE HAIIPABJICHUE)
(w ~ 10%; KCU =~ 15 Jx/cm?)

Eme oaHoil 0COOEHHOCTBhIO HU3KOYTJIEPOAUCTHIX MapTEHCUTHOCTAPEIONMIUX
CTalel SBIACTCS TEXHOJOTHUS WX METALTyPruYecKOTO IMPOU3BOJICTBA: TIOCIE
ropsuedt  AedopManMM  CIUTKOB HE  yAAaeTcsl  MOJYyYUTh  OJHOPOJHYIO
MEJIKO3EpHUCTYIO CTPYKTYpPY Ha monydaOpukarax OOJBITUX CEUEHWI: BEIMYMHA
3epHa B KPYITHOPa3MEPHBIX 3aroToBKax kosebnercs oT 0 go 5 6amma [10—-11]. s
YCTpaHECHHS Pa3HO3EPHUCTOCTH u BBIPAaBHUBAHUS JUKBAIIMOHHOMN
HEOJHOPOJHOCTH, PACTBOPEHUs] KapOOHUTPUIOB THUTAHA a, CJIEIOBATEIIBHO,
MOBBINICHUS MEXaHUYECKUX CBOWCTB, B TOM YHCJI€ BSI3KOCTH U IJIACTUYHOCTH, BO
OI'VII «BUAM» pa3paboTaHbl CHEHHAIbHBIE PEXUMBI TEPMOOOPaOOTKH,
BKJIIOUAIOIINE 3aKaJIKy C BBICOKMX TeMIIepaTyp C OXJIAKICHHEM B BOJAE U
MOCJICYIONINE  3aKaJIKW JUISl  TOJYyYEHUS OJHOPOAHOW  MEIKO3EPHUCTOMN
CTpYKTypbl. [IprMeHEeHHE MaHHBIX PEKHUMOB TEPMOOOPAOOTKH KPYIMHOMEPHBIX
JeTaneil o0ecneynBaeT pacTBOPEHNE KapOUIHBIX U KapOOHUTPUIHBIX BhIICICHUN

0 TpaHUllaM CTaporo ayCTEHUTHOTO 3€pHa, M, KakK CIEJCTBUE, BBICOKYIO
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IUIACTUYHOCTh TaK B JIOJEBOM, TaK W B IONEPEYHOM HAIPaBICHUU. TUIUYHbBIE
MUKPOCTPYKTYPBI TOCIIE TIPOBEACHHUS TEPMUUIECKOM 00paOOTKH MpEeACTaBICHBI Ha
pUCYHKE 3.

OpHMM W3  JOCTOMHCTB  YKa3aHHBIX  CTajeil  sBISETCS  BBICOKAs
TEIUIONPOYHOCTh M CHOCOOHOCTh pPadOTaTh MpPU TMOBBIIMICHHBIX TeMIIepaTypax
mmrenbHo 10 400°C. HccnenoBanve BIMSHUSL JIJIUTENBHBIX HArpeBOB IpU
temriepatypax 400 u 450°C B Teuerne 500—1000 1 moka3zasno, 4TO MIACTUIHOCTD U
BA3KOCTh cTajell He yxyamarorcs (tabmuna 3). [Ipu noBellIeHHH TeMIiepaTypbl
skcruryaTaiuu 10 450°C nHaOmromaercs pa3ynpOvYHEHHE CTallel, CBA3aHHOE C
U3MEHEHHEM HX (Pa30BOTO M CTPYKTYpHOTO COCTOSIHUS: MPOUCXOAUT HAPYIICHUE
KOTepEeHTHOCTH U30bITOUHBIX (a3 NisTi ¢ maTpuIlei, X KOaryJisiius U MOSBICHUE

ayCTeHHUTa 0OpaTHOTO Mepexo/a.

0)

Puc. 3 — TunnuHass MEKpPOCTPYKTYpa MapTEHCUTHO-CTAPEIOIINX CTAJIEH
(yBenmuuenwue x100 u x500)
a, 0 — mocJie TOMOT€HU3UPYIOUIEeH 3aKaJIKH; B, T — IOCJIE NEPEKPUCTAILTU3AIMOHHBIX 3aKaJlOK
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Tabnuma 3
BnusiHue AnuTenpHBIX HArpeBOB Ha MexaHndeckue cBorcTsa craneit BKC-170 u BKC-180

CocrosiHue 00,2 Oy ] s KCu*™® HRC
MIIa % Thx/em®
Crane BKC-170
Hcxonnoe cocrosinue (6e3 1660 | 1710 64 9 60-80 48,5-49
Harpena)
Harpes 400 °C, 5004 1800 | 1830 | 60 9 50-60 51,5
Harpes 400 °C, 7504 1840 | 1870 | 60 8 50-60 -
Harpes 450 °C, 5004 1650 | 1700 | 60 10 60-70 49
Crans BKC-180
Hcxonnoe coctosaue (6e3 arpesa) | 1740 | 1780 | 61 - 70/63" -
Harpes 400 °C, 10004 1790 | 1815 | 58 - 68/54" -
Harpes 450 °C, 5004 1570 | 1620 | 61 - 81/68" -
* - KCU mpum -70°C
B HaACTOALICC BpCM:A BBICOKOIIPOYHBIC KOHCTPYKIIMOHHBIC

MapTEHCUTHOCTAPCIONIUE CTaJM HalUIM MNPUMEHEHUE MJi1 W3TOTOBJICHUS BaJiOB
THJ. 3a pybexom mns asurarens SaM146 (dpanmus) ucmonb30BaHa CTallb
Maraging250, ssistromascst npssMbiM aHanorom craaun BKC-180. B koHcTpyKIiuu
THJI nasurarens GE-90, wucmonp3yemoro s camonieroB Boeing-777 u ero
MoauUKaIUi, TpPUMEHEHA  MapTEeHCUTHOCTaperomas  CTaidb, HMEIoIIas
MaKCUMaJIbHBIM ~ Tipeaen mnpoyHoctd 6,=1840 MlIla. B oredyecTBEeHHOM
JIBUTATEJIECTPOECHUU ISl TIOBBIIICHUS BECOBOM A(PPEKTUBHOCTU B KOHCTPYKIUU
MEPCIEKTUBHOTO  oTeuecTBeHHOro npuratens [IJ[-14 ngnsa  OmmkHe- U
CpeaHEMAarucTpaJbHbIX CAMOJIETOB JIJII OCHOBHOM neTanu aBurarens — Baia TH/I,
a Tak)ke 0co00 OTBETCTBEHHBIX KPYITHOTa0ApPUTHBIX ACTaIsAX (KPOHIITEHHBI, TATH,
kadyasiku) mnpumeHeHa cranb BKC-170. UM3roroBieHHble Bajibl  MPOILIN
HKBUBAJIICHTHO-IIMKJIMYECKHE UCTIBITaHUsI ¢ HapaboTkoit He MeHee 70 000 HUKIIOB,
nedekToB Ha Bajgax He oOOHapykeHo. B Hacrosiiee BpeMsl UCTIBITAaHUS
MIPOJIOJIKAIOTCS J0 MOJTHOM TTOJIOMKH BaJia.

bonmee BwIcOKOmpoyHas MapreHcuTHocTaperomas cranb BKC-180 ¢
NpoOYHOCThIO  G,>1720 MIla nmpomnuia mMOAHOE  METALUIYPru4eckoe U

TEXHOJIOIM4YCCKOEC OCBOCHHUC MJId Bajla IEPCIICKTUBHOI'O BCPTOJICTHOI'O ABUIATCIIA
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BK-2500M npousBoactBa AO «OJK-Kinumosy». IIpoBeaeHbl TEXHOJIOTUYECKUE
UCIIBITAHUS C ompeseneHrueM (aKTHUEeCKOTo 3araca MPOYHOCTH Baja M Tpenena
BBIHOCJIMBOCTH, TTOKa3aBIIME CIIOCOOHOCTH Baja MPOTUBOCTOSITH CYIIECTBYIOITUM
MaKCHMAaJIbHBIM pa004rM Harpy3Kam.

[IpoBeneHHbIE HUCCJICIOBAHUS MEXaHUYECKHUX CBOICTB Ha
KpyITHOTa0apUTHBIX ~ 3aroToBKax  (Bajlax) TIOKa3aJdd  BBICOKUM  YPOBEHb
XapaKTePUCTUK MPOYHOCTH, TIIACTUYHOCTH, HAXOISIIIHMIICS HA YPOBHE MACMOPTHBIX

3HAUYCHUM, MTOJTYYCHHBIX Ha MEJIKOM copTe (Tabmnuia 4).

Tabnuua 4
OrneHKa MEXaHUYECKHUX CBOMCTB KPYIMHOTa0apuTHBIX 1MOTy(padpruKaTos
u3 cramn BKC-170 u BKC-180
Temnepatypa BKC-170 BKC-180
UCTIBITAHUI
Xapare- °C [ToxoBku [Tacnopt IIpytku | [Ilacnopr 2517,
prcTiia 0 175-235 (npyTok @ 130 mm| (IpyTOK 11866

MM 0 25 mm) @ 25 mm)
20 1620 1570 1745 1720 1100
Cs 400 1340 1330 1450 1380 950
450 1240 1230 1305 1300 900
20 1560 1520 1710 1620 950
G2 400 1190 1180 1315 1250 850
450 1100 1100 1240 1200 800
20 700 660 800 650 550

o1 (N=2x10")
N=1x10"w. 400 500 490 585 510 490

(N=2x10")
¢ 400 1100 1100 1100 975 800
©100 450 820 780 900 800 750

[IpruMmeHeHne BBICOKONIPOYHBIX MapTeHcuTHOCTapemux craineid BKC-170 n
BKC-180, npeBoCXOAAIIUX MO MPOYHOCTHBIM M YCTaJIOCTHBIM XapaKTEPUCTHUKAM
OII517 u DN961 (~ no 30% no npounoctu U ~ A0 20% MO yCTaIOCTH) MO3BOJIUT
NOBBICUTh  BECOBYI0  3(G(EKTUBHOCT, U  JOJTOBEYHOCTh  KOHCTPYKIUH

OTBETCTBEeHHBIX Aetaien ['T/I.
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AyCTEHUTHBIE,  BBICOKOA30THUCTBIE  CTajdd  OO0JIAAlOT  YHUKAJbHBIM
COYETAHUEM BBICOKOU MIPOYHOCTH, XOpOLLIEn IUIACTUYHOCTH c
He()eppPOMArHUTHOCTHIO, M TOBBIIIEHHON KOPPO3MOHHOU CTOMKOCThI0. Kpome
TOTO, JIETUPOBAHHUE a30TOM, OCOOCHHO COBMECTHO C MOJIMOACHOM YJIydIlaeT
CTOMKOCTh K TMUTTUHTOBOW KOPPO3WH M OOIIEH KOPpPO3WH B HEKOTOPBIX Cpeiax.
TeM He MeHee, CIOXKHBIM XapakTep BIHSHUS JETHPYIOIIMX JJIEMEHTOB Ha
KOMITJIEKC CBOWCTB a30THUCTHIX CTajedl CTUMYIHPOBa TIOHUCK 3(PHEKTHBHBIX
KOJMYECTBEHHBIX KOPPENSALUA MEXaHHYECKUX M  CIYKEOHBIX CBOMCTB C
COJIEp’KaHHEM OCHOBHBIX JIETUPYIOIIUX 3JIEMEHTOB.

1.1 Ananuz cmpykmypHvliX 0coOeHHOCHmElN KOPPO3UOHHO20 NOB8EOCHUs
a30mcooeprHcaumiux ayCmeHumHplx cmaeu

[TonoxutenbHOE BIMSHUE a30Ta Ha KOPPO3HUOHHBIE XapaKTEPUCTUKU
HEPKABEIOLIUX CTajell 0COOCHHO SIPKO MPOSBIISIETCA HAa MaTepuaie, MOoJABEPTHYTOM
nedhopmalimioHHOMY Bo3zaecTBuio [1]. bblio moka3aHo, YTO HHTEHCUBHBIN HaKJIETI
3HAYUTEIPHO CHHUKAET CTOMKOCTh K KOPPO3UU HEPKABEIOIIMX CTalled ¢
OTHOCHUTEJIbHO HU3KUM cojepkaHueM a3ota [2]. Ho nisa craneil ¢ OTHOCUTEIbHO
BBICOKUM cojiepkanueM a3ota 0,66% »ToT 3pdekT okazancs SBHO CHUKEHHBIM
[3], a misa crasieit ¢ odeHb BbicokuM, Oosiee 0,85% conepxkaHueMm azoTa
OOHapy>KE€HO, YTO OTPHUIATEIbHBIM d(PPEKT XO0JOAHOW 0OpPabOTKU MOXKET OBIThH
MOJTHOCTBIO yCTpaHeH [4]. DTo O3Haydaer, 4YTO a30THUCTHIE HEPIKABCIOLIME CTAIIN
(AHC) npuoOpeTaroT  CHOCOOHOCTh  YCTPAHSATh  BBI3BAHHOE  HAKIICIIOM
MOBPEXKJICHUE TMMaCCUBUPYIONMICH IUICHKH, HAJIWUYUE KOTOpOW 0OycCiIaBiIMBaeT
MPUCYIIYIO HEPXKABEIOIIMM CTajIsIM BBICOKYIO KOPPO3HMOHHYIO CTOWKOCTh. Jmst
OOBIYHBIX HEPKABCIOIIUX CTAJICH MOKa3aHO, YTO ATa IJIEHKA UMEET JABYXCIONHYIO
CTPYKTYPY, BKIIIOYAIOII[YI0 BHEIIHUW CJIOM OKCHJA Kejle3a U BHYTPECHHHUU CIIOU
okcuaa xpoma [5]. OpHako IS a30TCOACPX AIIUX AYCTCHUTHBIX CTajen
OOHapy>KeHO psia 0coOeHHOCTeW (OPMUPOBAHUS TMACCHBUPYIOMICH TUICHKH,
0OyCJIOBJIEHHbIE OOOTallleHUEM a30TOM TpaHMIIbl paszjena okcua/meramn [6, 7].

Tem He MCHCC, OO CHUX IIOp pPOJib a30Ta B HaCCI/IBI/Ip}IIOHIeﬁ IINICHKE OCTacTCA
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CIIOPHOM HECMOTpS Ha TO, YTO a30T, HECOMHEHHO, WIPAacT PEIIAIONIYI0 POJib B
WCKJIFOUUTEIBHO  BBICOKOM  KOPPO3MOHHOM  CTOMKOCTHM  a30TCOJIEPKAIIMX
ayCTEHUTHBIX cTajeu [8, 9].

B pabGore [1] Obima chenaHa MONBITKA BBISCHUTh OCHOBHYIO MPUYHHY
YCTPAaHEHHsI OTPHULIATELHOTO BIMSHUS XOJIOJHON feopManuy Ha CTOMKOCTh MpU
MATTUHTOBOM KOPPO3HUM A30TCOAEPKAIIUX ayCTEHUTHBIX cTaneil. [lokazaHo, 4To
Oyaroapss HAJIWYUIO 3HAYMUTEIBHOTO KOJIMYECTBAa a30Ta  a30TCOAEpKaIlue
ayCTEHUTHBIE CTaJlM HPUOOpETaeT CHOCOOHOCTh K CaMOBOCCTAHOBJICHHUIO U
MOAJCPKAHUIO BBICOKOM CTOMKOCTM K TUTTUHTOBOM KOPPO3UM B CHIIBHO
ne(opMUPOBAHHOM COCTOSIHUU. DTOT 3P(HEKT MOKHO pacCMaTPUBaTh KaK MPOIECC
CaMOBOCCTAHOBJICHUSI [IJIl TPEIOTBPAILCHUS TOBPEKIEHUS MaCcCUBUPYIOMIEH
IVIEHKKU JaepopMalnnoHHON 00paboTkoil [10—12]. DTOo npUHLIMOMAIBHO HOBOE
MOBEJACHUE TNACCUBHUPYIOUIEH IIJIEHKH, (OPMHUPYIOIICHCS Ha HEpPKaBEIOIIHUX
cTansix. ECTEeCTBEHHO, 4TO KOPPO3MOHHAsi CTOMKOCTh AyCTEHUTHBIX CTajed B
NEPBYIO OUEPEAb CBSA3AHA C €T0 CTAOMIIBHOCTHIO.

YcroiiunBoCcTh  aycTeHUTa OOBIUHO OOCYXKIaeTcs B TEPMHUHAX —€ro
CTaOMJIBHOCTH MPOTUB aTEPMUUECKOTr0 0'-MapTeHCUTHOTrOo npesBparieHus (AMII) a
TaK)K€ HHULMMPOBAHHOTO JAedopMalel  o'-MapTEHCUTHOTO MPEBpPAILCHUS
(IVMII), xkoTopble OIICHUBAIOTCA C TIOMOIIBIO IMapaMeTpoB Mg m  Mdsg
COOTBETCTBEHHO, I1ie¢ Mg- Temmneparypa Hayaiaa aTepMUYECKOTO O'-MapTEHCUTHOTO
mpeBpalieHus npu oxjaxaeHun u Mdzy Temmneparypa mpu KOTopod obpasyercs
50% o'-maprencuta npu 30% nedopmarmuu pactsokernuem [13—15]. B [13]
oueHuBad BiausHue Ha Mg n JIMUMII craimm 304 Tpéx mnaBok C coAepKaHUEM
0,02% C (M = 300K), conepxaiueii 0,1. % yranepona, u 0,06% azora (Ms = 187K),
a taxxke cogepxkameid 0,03% C u 0,1% N (M = 5K).O10 noka3siBaeT, 4To a30T
3HAYUTEIBHO CUJIbHEE CTAOMIM3UPYET ayCTEHUT, YEM YTIIEPO/I.

A3OT yMeHbILIAeT pa3HUIly XUMHYECKO cBoOOoAHOMN sHeprun Mexay ['LK u
OLK ctpykTypamu B OOJbIIEH CTENEHU, YEM YIJIEPOA, a TAKKE YBEIMUYMBAECT

D/1Y, u4To CcmOCOOCTBYET CHIDKCHHIO CKJIOHHOCTH K aTepPMUYECKOMY Y—E&—0!
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npeBpaiieHuo. B To ke Bpemsi, CTaOMIIbHOCTh ayCTEHUTA CTallel ¢ YIJIepoJOM U
azotoM 1o otHomenuto B JMMII onumnakoBa. B pabGorte [14] mpoBeneHbl
CHCTEMAaTHUYECKUE UCCIICAOBAaHUS ayCTEHUTHBIX HepkaBetonux craner Fe-Ni-Cr-
Mn-C-N, B KOTOpBIX BBISBJIECHBl 3aBUCUMOCTH OT COCTaBa M pa3Mepa 3€pHa,
napamerpa Mdsg, ompenensromnero aeGopMarOHHYI0 CTaOWJIBHOCTh ayCTCHHTA
TUX crasiedt. B aToit pabore Obla Mccnea0BaHbl ayCTEHUTHBIE CTAlIM CUCTEMBI Fe-
Cr-Ni u xumuueckuii coctaB o0pa3moB BapbHpoBaiics B mpenenax (5,17-9,19)%
Ni; (17,35-19,35)% Cr; (0,54-1,45)% Mn; (0,15-0,88)% Si; (0,09-0,162)% C;
(0,007-0,038)% N. PecHTreHOBCKMM  METOJOM  ONPEACISUIM  KOJHUYECTBO
BBIIEIUBLIETOCS MapTeHcHuTa pu Temneparypax 0, 20 u 50°C B TpoHHBIX CILIaBax
Fe-C-N, Fe-Ni-Cr, Fe-Si-Mn, Fe-C-Ni, Fe-C-Cr. B pe3ynprare mnoaydeHo

CJHEYIOIIEE IMIIMPUIECKOE YPABHECHHUE:
MdSy (°C) = 413 — 462[%C + %N] — 9,2[%Si] — 8,1[%Mn]
—13,7[%Cr] — 9,5[%Ni] — 18,5[%Mo]

[TonydeHo Tak)ke COOTHOIIEHUE, KOPPEeKTHpYIolee Beauanny Mdzg ¢

Y4ETOM pa3Mepa 3epHa:

Mdzh(°C) = Md5,(°C) — 1,42(v — 8,0)

rae v — pa3mep 3epHa mo ASTM.

Onnako Bapualyu CoAep>KaHus a30Ta B U3YYEHHBIX CTaISX ObLIIM HACTOJIBKO
HesHauntenbHbl (10 0,038%), uro ero BausHue Ha Beaumunny Mdz, ciemxyer
CUMTATh HEJOCTATOUYHO yOeauTeNbHbIM. OJHAKO, C YYETOM PE3yJbTaTOB PabOTHI
[13], B KOTOpOI1 TTOKAa3aHO, YTO IJisi ABYX cTajei, comepxaummx 0,1% azora wim
yraepojia CTabmIbHOCTh aycTeHnuTa 1o otHomenuio B JJUMII oguHakoBa, MOKHO
CUMTaTh OOOCHOBAHHBIM PaBHBIA BKJIAJ 3THUX JJIEMEHTOB B BenuunHy Mdsy B
cootHomenn# (1). B pabore [15] uccienoBany BIUsSHUE JETUPOBAHUS a30TOM (10
0,22%) u mmactudyeckor naedopmaruu Ha Ha3oBBIM COCTAaB M MEXaHUYECKHUE
cBoricTtBa ctayin X18H10 npu komHaTHOM U KpuoreHHou (-163°C) remnepaTypax.

[lociie wWcnpITaHWsT HA PACTSHKEHUE IIPU KOMHATHOM TEMIIEPATYpE CTAIM C
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cogepkanuem azora 0,135 u 0,186% ocTaBanuch HEMarHUTHBIMH, YTO
CBUJICTEJILCTBYET 00 OTCYTCTBUM B HUX pacmaja ayCTEHUTA C BBIJACICHUEM O-
mapteHcuTa. Crains ¢ 0,22%N nokazana cinadyro HaMarHU4eHHOCTh, OJHAKO TOCIIe
UCTIBITaHUs Tpu Temmeparype -163°C oOHapy UM CUIIbHYI0 HAMarHUYE€HHOCTD,
YTO CBUJETEIBCTBYET O 3HAYUTEIBHOM KOJUYECTBE OOpa3oBaBIIErOCs O-
MapteHcuTa.  [locnenHuii pe3ynbTar SBISIETCS €CTECTBEHHBIM, IOCKOJIBKY
paccunTanHas u3 cootHolreHus (1) BemmurHa Mdsg 17151 3TO# cTanm COCTaBIIsET -
71°C.

B paGote [16] npuBeneHsl pe3ynbTaThl UCCIEAOBaHUS J1e(POPMAIMOHHOTO
MOBEJICHUSI ayCTEHUTHBIX CTajiel ¢ cojepxkaHueM azora 1o 1,2%. B atoii padote
000011IeHbI pe3yJbTaThl HECKOJBKUX HMCCIEOBAaHUN M MPUBEICHBI COOTHOIICHUS
JUIS BbIUMCICHHS napamerpa Mdszp, Ha OCHOBE XMMHYECKOIO COCTaBa a30THCTHIX

CTaJield, BKJIoYarouiee cootTHouenue (1), a Takxe Tpu Ipyrux COOTHOLIEHUS.
Md>) (°C) = 497 — 462[%C + %N] — 9,2[%Si] — 8,1[%Mn]
— 13,7[%Cr] — 9,5[%Ni] — 18,5[%Mo]

Md3(°C) = 551 — 462[%C + %N] — 9,2[%Si] — 8,1[%Mn]
—13,7[%Cr] — 29[%Ni + %Cu] — 18,5[%Mo] (3)
— 68[%Nb]

MdSY (°C) = 608 — 515[%C] — 821[%N] — 7,8[%Si] — 12[%Mn]
— 13[%Cr] — 34[%Ni] — 6,5[%Mo]

Mdy(°C) = (Md3o(°C) + Md5,(°C) + Md3,(°C) + Md3,(°C))/4 (5)

Ha puc. 1 npuBeneHa 3aBUCUMOCTb XapaKTEPUCTUK OOILIEH KOPPO3UU ABYX
MCCIIEIOBAHHBIX HAMM A30THUCTBIX CTAIENM U KOPPO3MOHHO-CTOMKOW ayCTEHUTHOU
cramu 12X18H10T ot Bemuunbl Mg3p, KOTOPYIO OIICHUBAH 110 ypaBHeHUsM (1-4)
W 3TH BEJIWYMHBl ycpedHsau no ypaBHeHuto (5). IlpuBenennas Ha pwuc.l

3aBUCUMOCTb ACMOHCTPUPYCT, YTO XaAPaAKTCPUCTHUKA CTaOMIILHOCTHU AyCTCHHUTA
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MOJKET OBITh HCITOJIb30BaHa AL OOCHKHU OTHOCHUTCIBHOI'O COIIPOTHBJIICHHA

KOPPO3UHU a30TUCTBIX CTaJIEH.
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Puc. 1 — 3aBUCHMOCTh CKOPOCTH 00IIIeH KOPPO3UH OT BeUIMHbI MU3p ayCTEHUTHBIX CTasICi
nocie 3akainku B 3% BoanoM pactBope NaCl

Tem He MeHee, ocTaeTCs HEKOTOpask HEONPEISICHHOCTh B 3HaUYeHUAX Mds,
KOTOpast Il ayCTEHUTHBIX CTalled MO3UIMOHUPYETCS KaK SKCIEPUMEHTAIBHO
ompesensiemMasl TeMIiepaTypa IMpEBpaIieHUs TOJIOBUHBI ayCTCHHTA B MapTCHCHUT
nocie 30% nedopmanuu pacTsHKEHUEM UM €CTECTBEHHO, YTO 3Ta TeMIeparypa He
MoeT ObITh MeHblie -273°C. B pabote [16] Benuunna Mdz, BapbupyeTcs oT -
1000°C u obGo3HadaeTcs Kak pacyeTHas, OJHAKO 3TO Cpasy JIMIIAET €€ CBOETo
MEePBOHAYAILHOTO CMBIC/Ia KaK HKCIEPUMEHTAJIbHOM BEJIMYWHBI, MPU ITOM
CYIIECTBYIOT pEalbHBIC MPEANMOCHUIKH JJIsi HWCIOJIb30BAHUS ITOW BEIMYUHBI B
KaueCTBE KPUTEPHUS JIJIs POTHOZMPOBAHUS M MHTEPIIPETAIIUN CITYy)KEOHBIX CBOWCTB
a30TUCTBIX CTAJIEH.

1.2. Ananuz Koauuecmeenuwvix Koppeaayuul tgxg ¢ Jaecupyrouwiumu
INNEMEHMAMU 8 A30MCOOEPHCAUUX AYCMEHUMHBIX CHLATIAX

[TockonpKy HaMuue BA3KO-XPYMKOTO TEpexoia B ayCTEHUTHBIX CTaJsX
0OyCJIOBJIEHO TPHUCYTCTBUEM a30Ta OBLIO JIOTHYHBIM HMCKaTh KOJWYCCTBEHHBIC
KOPpPEJSALUA  TEeMIEPaTyphbl BSI3KO-XPYNKOTOo Tepexofa - tgxg HMMEHHO C
coAepKaHUEeM a30Ta. Takue KOoppelsiluu CYIIECTBYIOT, Tak B [16] mpuBeaeHo

COOTHOIIIEHUE gxy C COACPIKAaHUEM a30Ta:
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to = 300[%N] — 303 (6)

HJIK a30Ta € yrijicpoaom, IIpu 3TOM BJIMAHHC YTJICPOJa BTPOC MCHBIIC, YEM a30Ta.

to = 300[%N] + 100[%C] — 303 (7)

Tem HEe MeHee, OKa3aJoCh, YTO Ha lgyx;; MOMUMO JJICMEHTOB BHEAPCHUS
OKa3bIBAIOT BIIUSIHUE U JIEMEHTHI 3amelienus [16]. Ha puc. 2 npuBeneHbl KpUBbIE
Harpy3ka-nporud st a3otucteix cranei Fe-18Cr-10Mn-0,58N u Fe-18Cr-10Mn-
4Ni-3M0-0,54N, xoTopble TpU TPAKTUYECKA PABHBIX COJCPKAHUSAX a30Ta
otnuyatorcs HamuureMm 4%Ni u 3%Mo u B cooTBeTCTBHM ¢ ypaBHEeHUsAMH (6) 1 (7)
HE JOJDKHBI OTJIMYATHCS MTOBEICHUEM TIPH YAAPHOM Harpy>KEHUHU.

OpHako, Kak 3TO BUJHO M3 KPUBBIX HArpy3Ka-mporud OTJIMYHUS BeChMa
3HAYUTENbHBIE — CTAJIb C HUKEJIEM U MOJIUOJICHOM XapaKTEepPU3yeTcCsl 3HAYUTEIbHO
OonbpIIel BA3KOCTBIO, Y€M CTallb 0€3 H3TUX JIETHMPYIOUIMX 3JIEMEHTOB. B
COOTBETCTBUM C 3THUM OHHM OTJIMYAIOTCS 3HAYUTEIBLHO U MO BeIMYMHE tpxp: IS
craii 0e3 HHKeIs M MomuOaeHa tgxp=-70°C, a mIsg cTaad ¢ HUKEIEM U
mommbOaeHoM  tgxn=-120°C. Ha pwmc.3. mnpuBeAcHB 3aBHCHMOCTH PabOTHI
paspymienust oOpasunoB Tuma I[llapnu  oT TemmepaTyphl HMCHBITAHUS IS
BBICOK0A30THUCTBIX Cr — MnN ayCTEHUTHBIX CTalleld, KOTOPBIC TO3BOJISIOT
COMOCTAaBUTh W3MEPEHHbIE 3HAueHUs gy W TMPOTHOZUPYEMBIC BEIUYMHBI,
paccuuTaHHble U3 ypaBHeHui (6) u (7).

a) 0)

77 »

30000 4 30000 -

H

20000 - 20000 -

Harpy3ska, H
Harpyaka,

10000 4 -609C .30°C 0°C 10000 -
-90°C

0 Q
M y 0 5 10 185
Y 5 10 15 MpormB, mMm

Mporké, MM
Puc. 2 — Kpusble Harpy3ka — nporuo, nojiydeHHbIE U3 UCIIBITAHUN Ha YAApHYIO BS3KOCTH IO
[Hapnu npu Temnepatypax ot —90°C no 0°C st azotuctsix craneit 0,58N (a) u 4Ni — 3Mo —
0,54N (6). Crpenku yka3pIBarOT TOUKH MMaJICHUsI HArpy3Ku (00pa3oBaHMs MaruCTpaabHOM

TpemuHsl) [16]
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Puc. 3 — 3aBucumocTu pabotsl pazpymenus oopasios Lllapmu ¢ V-00pa3HbiM Hape3oM OT
TEeMIIEPaTyphl UCTIBITAHUS JIJIs1 BBICOKOA30THCTHIX CI — Mn aycTeHUTHBIX cTanei [16]

B Ta6n.l u Ha puc. 4 mpuBeAEHBI pPE3yJbTAaThl TAKOTO COMOCTABIICHUS,

KOTOpPOC II0Ka3bIBACT, 4YTO, BO-IICPBLIX, IJISI MAJOYIJICPOJUCTBIX AYCTCHHUTHBLIX

crajieii 00a YPaBHCHUA q)aKTI/I‘IGCKH 9KBUBAJICHTHBI M, BO-BTOPBIX, OHH HC 40T

aJIcKBaTHOTO CIoco0a MPOrHO3upoBaHus gy TOJIBKO Ha OCHOBAaHUU COACPKAHUS

a30Ta B CTallu.

HpH O9TOM OTKJIOHCHHUC HpOFHO3I/Ipy€M0ﬁ BCINYNHEBI

oT

H3M€p€HHOf/'I 3aBUCUT OT COACPIKAHUSA a30Ta, AJISI BBICOKHX KOHHGHTpaHI/Iﬁ a3oTa

(0,8-1,2%) xapakTepHO OTpHIATEIbHOE OTKIIOHCHHE (pHc. 4), a IS MEHBIINX

3HaueHu KoHueHTpaiuu azota (0,5-0,58%) 3To OTKIIOHEHUE TIOJIOKUTEIBLHOE.

3HaueHUs SKCIEPUMEHTAIbHBIX ¢

U3M
BXII

Tabmuna 1

Y TIPOTHO3UPOBAHHBIX 10 COOTHOIIECHUM (6) 1 (7)

thOI‘H Mde o
TEMIICPATYP Bxng H BEINYNH 30 AL BBICOKOA30THCTHIX CTAJICHU

CMNn/N/Ni/Mo | %C | %N | Md® | ev | eor1) | epho™(2)
1 18/18/0.5/0/0 004 | 05 | -165 | -130 -149 -153
2 18/18/0.8/0/0 004 | 08 | -331 -40 -59 -63
3 | 18/10/0.58/0/0 004 | 058 | -137 =70 -125 -129
4 | 18/10/0.54/4/3 004 | 054 | -254 | -120 -137 -141
5 18/19/0.5/0/0 004 | 05 | -175 | -120 -149 -153
6 21/19/1.0/0/0 004 | 1 -491 -20 1 3
7 21/8/1.2/0/4 004 | 12 | -563 10 61 57
8 | 21/8/1.1/25/4 004 | 1,1 | -566 -10 31 27
9 22/8/1.2/5/4 004 | 12 | -693 30 61 57
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Puc. 4 — CpaBHeHUE U3MEPEHHBIX 110 Pe3y/IbTaTaM yJIapHBIX HCIBITAaHUH 00pa3lloB THIA

IH _ tH3M thOFH
apnu TEMIICPATYP BA3ZKO-XPYIKOTO IIEpEXoa Lgy U IPOrHO3UPOBAHHBIX BXII 10

ypaBHeHuo (1) remnepartyp

Pesynbratsl onpenenenus tgxy Ha cramu 05X20I'1OH3AM® [17] nokazanu
3HA4YE€HUS, KOTOPhIE BMOJIHE coryiacyrorcs (puc. 4) ¢ pesynbrataMu padboTsl [16].
Takum oOpa3zoM, JJi MOUCKA KOJWYECTBEHHBIX KOPPEJSIUN yIapHOM BSI3KOCTH
BBICOKOQ30TUCTBIX CTAJIEH CO CITYKEOHBIMH CBOMCTBAMHU HEOOXOIMMO HAWTH OoJee
aZCKBaTHbI W JKEJIATEJIbHO YHHUBEPCAJIBHBIA KPUTEPUM, KOTOPBIM JOJKEH
OmMMpaThcsd Ha (PyHIAMEHTaJIbHBIE XapaKTEPUCTUKU ayCTEHUTHBIX ctaned. [lpwu
9TOM HWCKOMBIA KPHUTEpUN JOJHKEH C OJIHOM CTOPOHBI  WUMETh (DU3UYECKHU
000CHOBaHHBIE KOPPENSAIMU C Hanbojee BaXKHBIMU CIIYKEOHBIMU CBONCTBaMH,
IPEXKJIE BCEr0 KOPPO3MOHHOW CTOMKOCTBIO W Igxr, a C APYrod MMETh HAJCKHbBIC
KOppENSAIMA C XUMHYECKHM COCTAaBOM CTajedl IO OCHOBHBIM JIETHPYIOIIUM
sneMenTaM, Takum kak Cr, Mn, Ni, Mo, N.

Kaxercs mnpeAnodTUTENbHBIM HCIOJB30BaTh B KAyeCTBE IMapaMeTpa,
CBSI3BIBAIOIIETO  COCTaB  a30THCTOM cTaqu ¢ ee  (DYyHKIMOHAJIbHBIMU
XapakTepucThKamu mnapamerp Mdsp, KOTOPBI KOJTHYECTBEHHO ONMUCHIBAET 3P (heKT

BJIMSIHUS JICTUPYIOINUX 3JICMCHTOB Ha KOPPO3WMOHHYIO CTOMKOCTh HCPIKABCIOIINUX
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CTaJIei, KOTopas HaNpsIMYIO ONpENEseTcs CTa0UIbHOCThIO ayCTEeHUTA, MPU ITOM
UMEIOTCSl YETKHE KOPPEIAIMH ATOTO MapaMeTpa ¢ Pa3IuYHbIMA MEXaHUYCCKUMU
XapaKTEepPUCTUKAMHU, B YAaCTHOCTH C TEMIIEpaTypoil BA3KO-XPYIKOIo Iepexojia
(texm).

PesynbraTel onpenenenust tgy 1715 a30TUCTHIX cTaiel (Tabi.1) momoHEeHBI
paccuuTaHHbIM 1O cooTHomeHusM (1)-(5) BearuumHaMu mapaMmeTpa cTaOUIbHOCTH
aycteanta (Mds). Ha puc.5 mnpuBeaeHa 3aBUCUMOCTh TEMIEPATyphl BSI3KO-
XPYIKOTO TMepexoja OT mapaMerpa craduiabHOCTH aycTeHuta (Mdsg) mist aTux
cTasieil. MOXHO KOHCTaTHpOBaTh, 4YTO KOppensaiusi Oojee TOCTOBEpHAas IO
CpPaBHEHMIO C TOM, 4YTO MOJlydeHa Ha OCHOBaHUU cooTHomieHus (6) (puc.4). Ha
puc. 1 OblIa pUBEJCHA 3aBUCUMOCTb OT BeIMYMHBI Md3g XapakTepucTuk oOmeit
KOppO3UHU JIBYX a30TUCTHIX cTajed u Hepxkaewomen cramm X18HI10T, xkoropas
JEMOHCTPHUPYET, YTO XapaKTePUCTHKAa CTAOMILHOCTH ayCTCHHTa MOXKET OBITh
WCITI0JIb30BaHA ISl OLICHKHA OTHOCHUTEJIBHOTO COMIPOTHUBJICHUS] KOPPO3UU a30TUCTHIX
cTajne.

Tem He MeHee, OCTaeTCsl HEKOTOpasi HEOMPEACICHHOCTh B 3HaueHusX Mds,
KOTOpasi Il ayCTCHUTHBIX CTaJled TMO3UIIMOHUPYETCS KaK HSKCIEPUMEHTAIBHO
ompesensiemMasl TeMIiepaTypa IMPEBpaIieHUs TOJIOBUHBI ayCTCHUTA B MapTCHCHUT
nocie 30% pedopmanuu pacTsDKEHHEM, W dTa TeMIeparypa HE MOXKET ObITh
menbine -273°C. B pabote [16] Benmumna Mdsy Bapwsupyetcst ot -1000°C m
0003HauaeTcsl KaK pacyeTHas BEJIMYMHA, OJHAKO JTO Cpa3y JIMIIAET €€ CBOETO
MEPBOHAYAIILHOTO CMBIC/Ia KaK JKCIIEPUMEHTAIbHOM BEIUYUHBI, TPU ITOM
CYIIECTBYIOT pEalbHBbIC MPEANMOCHUIKN JJIsi WCIOJIb30BAHUS ITOW BEIIMYUHBI B
KaueCTBE KPUTEPHUS ISl MPOTHO3UPOBAHUS M MHTEPIIPETAIIUN CITY’KEOHBIX CBOMCTB
a30TUCTBIX CTaJIEH.

[Ipu sTOM, ClemayeT CUuTaTh «BHPTYyaJIbHBIM» TOT (akT, uto mius BAC
BenmnurHa Mdsg MOKET MpUHUMATh 3HaYeHus, mpeBbimatoniye -273°C, MOCKOIbKY

9TOT MapaMCTp pPa3BUT IMPHUMCHUTCIIBHO K TPAaAUIINOHHBIM ayCTCHHUTHBIM CTaJIsAM,
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JUIsl KOTOPBIX OH peajbHO OTpa)kaeT TeMIiepaTypy, npu kotopoit 50% aycreHura

IpeBpAaIaeTCs B MApPTEHCHUT.
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Puc. 5 — 3aBUcCHMMOCTb TeMIepaTyphl BSI3KO-XpyNKoro nepexona (tgxr) OT mapamerpa
crabuabHOCTH aycTteHnuTa (Mdsg) Tt pa3IMyHBIX a30THCTBIX CTajeH (PacCYUTAHO IO
cooTHoIeHusM (1-5)

3akioueHue

JIJist a30TUCTBIX CTajeil ¢ TOBBIINIEHHONW CTa0MJIBHOCTHIO ayCTEHUTa IO
CPaBHEHUIO C TPAJULMOHHBIMU AYCTCHUTHBIMU CTaIIMU YCJIOBHUS peaU3aIuU
napameTpa Mdsg BeposiTHee BCero Ha BBIMTOJHSAIOTCS HU MPH KAKUX TeMIIepaTrypax,
OJIHAKO €ro MOXKHO 3(P(EKTUBHO HCIOIB30BaTh JJIs COMOCTABJICHUS CILJIABOB
pasHoro coctasa. [Ipu 3TOM, pazymeeTcs, OH UMEET YCIOBHBIN XapAKTEpP U HUKAK

HE CBSI3aH C PEAIbHOM TEMIIEPATYPHOM LIKAJIOM.
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V]IK 669

HoBas mommmmmuukoBas craas BKC 241

U CTAJU CO CBEPXPABHOBECHBIM COJEPKAHUEM a30Ta
1 1 1
I'pomoB B.W.", x.T.H.; Bo3necenckas H.M. ', x.T.H.; JIeoHoB A.B.

1 . .
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T'ocyoapcmeennulii nayunwiti yeump Poccuiickou @edepayuu (OI'VII « BUAM »)

Annomauus.
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Pa3paboTka TemIocTORKMX CTaiei /sl aBHAIlMOHHBIX MOAIIUITHUKOB — OJIHA
13 BAXXHEHUIIIMX 33/1a4 COBPEMEHHOTO MaTEpPUATIOBECHUS.

B aBuanunoHHON TeXHUKE MOAIMIMUITHUKN pabOTaIOT B CIOXKHBIX YCIOBUSAX. B
30HE KOHTAKTa TEJl Ka4eHHUs M KOJIell MOAIIUITHUKOB, B PE3YyJIbTaTe MHOTOKPATHO
MOBTOPSIOIIETOCS. HATPY>KCHHSI, BO3HHUKAIOT BBICOKME KOHTAKTHBIC HArpy3KH,
MPUBOJIAIIME K MHTCHCUBHOMY M3HAIIMBaHMIO. KpoMe TOTo, IeTaii UCTIBITHIBAIOT
3HAKOTIEPEMEHHBIC W  yJapHO-BUOPAIMOHHBIE  HArpy3Kd,  BO3JCHCTBUC
KOPPO3HWOHHBIX CpeJl M TOBBIMICHHBIX Temriiepatyp. s obOecrnieueHus: BBHICOKOM
paboTOCIOCOOHOCTH W HAAEKHOCTH aBHAIMOHHBIX TOJIIWITHUKOB, CTalld, W3
KOTOPBIX M3TOTaBIMBAIOTCS TEJIa KAUCHHSI M KOJIBIIA, JOJKHBI UMETh:

— BBICOKYIO IIPOYHOCTD U COMPOTHUBJICHUE IJIACTUYECKOM edhopmMaIuu;

— BBICOKYIO M3HOCOCTOMKOCTb, KOTOpasi OINpeieisieTcs TBEPIOCThIO, a TaKkKe
KOJIMYECTBOM U (POPMOM CrieIuaIbHbIX KapOUI0B;

— BBICOKYIO KOHTaKTHYIO YCTaJOCTh, KOTOpas 3aBHUCHUT OT MHUKPOCTPYKTYPBI
CTaJIu ¥ KapOUHON OJTHOPOAHOCTH;

— pa3MEepHYI0 CTaOUIILHOCTH;

— XOpOIIYIO ITPOKAJINBACMOCTb.

[ToAmMMITHUKOBBIEC CTATTN KJIACCU(DUITMPYIOTCS IO YCIOBUSAM PabOTHI.

Paznnyaror cramu oOimiero Ha3HA4YCHHS, MCIIOIb3YEeMbIe IS M3TOTOBJICHUS
JeTanel MOJIIMITHUKOB, paboTaromux npu temneparypax (ot -60 mo 300°C) B
HEarpecCHMBHBIX CpelaxX W CTald CICIUAIbHOIO Ha3HAYEHUS JIS M3TOTOBJICHUS
TEIUIOCTOMKHUX U KOPPO3UOHHOCTOMKUX MOIIUITHUKOB [1].

OneIT W3roToBIICHUs NOAy(paOpUKaTOB M3 TMOIIIMITHUKOBBIX —CTaJIeh
MOKAa3bIBACT, YTO IS MOJYYEHHUS BBICOKOTO KOMIUIEKCA MEXaHHMYECKUX CBOWMCTB
HEOO0XOIUMO:

— HCIOJIb30BaHUE METaJlJIa BRICOKOTO KauecTBa 1o razoHachimeHHocTH (Ny, O,
H,), u4wWcToTe 1O HEMETALIHYECKUM BKJIIOUCHHUSM, OTCYTCTBHIO BPEIHBIX
npumeceii (As, Pb, Sn). B ¢cBsi3u ¢ 3TUM BbIIJIaBKa CTaJIel JOJDKHA TOBOAMTHCS C

INPUMCHCHUEM BAKYYMHBIX TeXHOHOFHﬁ;
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— MpU TOpsSiYeM Mepejieie MeTallla CTeneHb ero jaedopManuu (IpopabOTKH)
JIOJKHA OBITh MAKCUMAJIBHO BO3MOYKHOM;

— TepMuYecKas o0paboTKa JeTajedl MOIINIMIHUKOB JOJKHA MPOBOJMUTHCS HA
CHEIUAIN3UPOBAaHHOM O0OpYAOBaHUM, OOECHEUYMBAIONIEM TOYHOE MOJJEp KaHHE
TEeMIIepaTyphbl U UCKII0YAIoNeM 00e3yTriiepoKUBaHNEe TOBEPXHOCTH.

JI71s1 U3rOTOBJICHHS TEIUIOCTOMKHUX MOJIIMITHUKOB, pa00OTAIONINX B YCIOBHIX
cmaszku npu temneparype 200-300°C, a B akcTpemManbHbiXx cuTyarusax 1o S00°C,
IPUMEHSIOT JUCIEPCUOHHO-TBEPJICIOIINE CTalIM, pa3padOTaHHBIE HAa OCHOBE
WHCTPYMEHTAJILHBIX ~OBICTPOPEXKYIIMX CcTanei. 3a pyOekoM, B OCHOBHOM
npuUMeHsieTcs cTainb Mapku M5S0, KoTopasi 1Mo crnoco0y TepMHUYECKO 00padoTKu
OTHOCUTCA K CTalsiM C JAUCHEPCHOHHO-KapOWIHBIM  yNnpodyHeHuem. M50
3apeKoMeHIoBajla cebsl, KaKk MaTephall C BBICOKOM JOJTOBEYHOCTHIO, YTO
OOBSICHSIETCSI OJTHOPOAHOCTBIO CTPYKTYPbl M OTCYTCTBUEM KPYITHBIX KapOWIHBIX
BKJIIOUEHUM, HETATUBHO BIIMSIIONIMX HA KOHTAKTHYIO BBIHOCIMBOCTh. XUMHUUYECKUN
coctaB ctasii M5S0 ObUT B3AT 3a OCHOBY I pPa3paOOTKH TETUIOCTOMKUX
MOAIIMITHUKOBBIX CTAJIEW U B IPYTHX CTpaHax. Tak, Hampumep, B0 @paHuuu 3T0
ctaib 80DCV40, B I'epmanuu — 80MoCrV4216.

B Poccun m1st M3roTtoBieHUs TEIJIOCTOMKUX aBUALMOHHBIX MOJAIIMITHUKOB
UCNONB3YIOT ctasib  OU347 (8X4B9D2-111), koTtopas o0siajaeT BBICOKOU
MIPOYHOCTHIO W Xopoliei ropsiuer TBEpaocThio (He Hke 56 HRC) npu pabore B
ycnoBusix 10 S00°C. Onnako, B ommune ot ctanmu M5S0, crans OU347 umeer
OOMBITYI0 KapOUIIHYI0 HEOJHOPOJIHOCTh, UYTO OOBSCHSETCS MPUCYTCTBHEM B €€
coctaBe Bojb(pama, 00pasyromero KpymHbIE CKOTUICHHS HEPACTBOPUMBIX MPH
HarpeBax, BIUIOTh J0 TeMIlepaTyp IUIaBJICHUS, KapOWIOB, KOTOPBIC SBISIOTCS
ouaramMu BBIKpAIIUBaHUS pabouyeld TOBEPXHOCTH MOMAMIUITHUKOB B TMPOIECCEe
sKcIuTyatanuu. Kpome Toro, KpyrnHble cerperaiydu HepacTBOPUMBIX KapOUI0B MpU
npou3BoJicTBe TonydadbpukatoB u3 crtanu OW347 CyliecTBEHHO YCIOXKHSIOT

MpouecCC KOBKU MU IIPOKATKH.
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Heobxoaumo oTMeTuTh, 4YTO B MHpE, HE CMOTpPS Ha pa3HooOpasue
pa3paOOTaHHBIX  TOAIIUITHUKOBBIX  CTaJIed, OCHOBHBIM  MaTEpPHAIIOM IS
W3TOTOBJICHUSI ABUAITMOHHBIX MOIIUITHUKOB siBIIsieTCs cTtainb MSO0.

JIJisi MpOM3BOJICTBa KOHKYPEHTOCTIOCOOHBIX TEIUIOCTOMKUX OTE€YECTBEHHBIX
nopmumaukoB  DPI'VII «BUAM)» Opuia co3maHa HoBasg — TEIUIOCTOMKAS
NOJIIMITHAKOBAs CTallb, HE YCTynaromas 1o cBoicTBaM ctamu M5S0 wu
MPEBOCXOSIIAs O KapOUAHON OTHOPOAHOCTH cTasib JUN347.

[IpoBeneHHbIE  HWCCIENOBAaHWSA  TOKa3bIBAIOT, YTO IO  KapOWIHOMN
HeogHopoaHocTH ctank BKC 241 npeBocxoaut ctans DU 347.

Cranme  BKC241-BM  mnomydaroT METOAOM  BAaKyyMHO-UHAYKLIHOHHOU
BBIIJIABKM C BaKyyMHO-AYTOBbIM IieperiaBoM. [lomydeHHbIl MeTamun mnocie
TEPMUUECKON 00pabOTKU 00ecrneunBaeT TEIIOCTOMKOCTh JieTalleld MOAIMIMITHUKOB
He Hke 500°C npu tBepaoctu He MeHee 60HRC u omHOPOIHOM CTPYKTYpHI O€3
BbIJICJICHUS TPYOBIX KapOUI0B.

B ycnoBusax OAO «EIIK Camapa» nipu TEXHOJIOTHYECKOM COINPOBOKICHUN
OI'VII «BUAM» u3rotoBieHa ONbITHO-MPOMBIIUICHHAS MTAPTUS MMOJUIUITHUKOB U
HCCIIEIOBAHO UX Ka4eCTBO.

UccnenoBanust mokazanau, 4TO TBEPAOCTh MOAIIMIIHUKOB COCTaBISET ISt
KoJiell moammnHuKkoB 62-62,5 HRC, nns mapukos — 63,5-64 HRC. Ycranosieno,
4YTO B pe3yJbTaTe TMPOBEICHHOM TepMUUYECKOW 00paboTku chopMUpoBaHa
CTPYKTypa OTIYIIEHHOTO MapTEHCUTA C PAaBHOMEPHO BBIACIHMBIIUMUCS B HEM
JTUCTIEPCHBIMU ~ KapOugaMu. YTPOYHEHHE CTaIM OOCECIEYMBACTCS 3a CUET
BBICOKOUCTIEpCHBIX KapOuaoB Tuma FezMesC, Cr;Cz u NbC.

B OAO «EIIK Camapa» npoBeneHbl CTEHJIOBbIE HCIBITAHUS MOJIIUITHUKOB
n3 cramu BKC 241, B pe3ynbrate KOTOPBIX YCTAHOBJIEHO, YTO BCE MOIIIUITHUKA
OoTpaboTanu Ha CTEHJE YCTaHOBJIICHHBIA pecypc 0e3 3aMeuyaHui, HaXOASTCS B
YIOBJIETBOPUTEIHHOM COCTOSIHUM Ml MOTYT OBITh PEKOMEHI0BaHBI JIJIsI TPUMEHEHUS

B U3ACIIUAX aBHaHHOHHOﬁ TCXHUKH
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K nommmnHukam, paboTalOIMM B YCIOBUAX BBICOKOTO KOHTAaKTHOIO
HaIPSHKEHUS TIPEIBSBIIIOTCS TTOBBIICHHBIE TPEOOBAHUS K HECYIIEH CITOCOOHOCTH.
OOBIYHO 3TO KpyMHOTaOapuTHbIe MOMMMUIHUKA. C LEIbI0 MOBBIIICHUS HECYIIeH
CIIOCOOHOCTH TaKUX  MOJIIMIHUKOB HMX MOBEPXHOCTh TMOJIBEPTalOT XUMHUKO-
TEPMHUUYECKON 00pabOTKe — IIEMEHTAIINH.

3a pyOexoM moJlydusia MIUPOKOE PaciHpoCTpaHEHUE LIEMEHTUpYeMas CTajlb
MSONIL.

OreuectBeHHas 1neMeHtyeMcs: crtainb 20X2H4A 3HauuTENbHO YCTyHaer
crami MSONIL, kak 1Mo MpOYHOCTHBIM XapakTepucTHKaM (G, 1270 MIla npotus
1400 MITa), Tak u mo Temiocroiikocty (180°C mpotus 450°C).

B cBa3u ¢ Beime uznoxkeHHsiM, OI'YIT «BUAM» npoBoguT pabGoThl 1O
CO3/IJaHUI0 I[IEMEHTUPYEMON CTaliM JUIsi KPYMHOTaOapUTHBIX MOIIIUITHUKOB,
UMEIONIYI0 XapaKTePUCTUKN He HIbKe yeM y ctaiar MSONIL.

MarepuaiaMi  HOBOI'O  TOKOJEHUS 1O TMpaBy MOXHO  CUYUTAaTh
BBICOKOIPOYHBIE KOPPO3MOHHOCTOMKHE CTalM, COJEpKalllie CBEPXPABHOBECHOE
KOJIMYECTBO a30Ta, T.€. KOJIUYECTBO, MPEBBIIAIONIEE TPEACIBHYI0 PACTBOPUMOCTD
a30Ta B HOPMAJIbHBIX YCIIOBHUSIX.

Ot cTanu O00JIalaloT PSAJOM MPEUMYIIECTB: BBICOKMM KOMIUIEKCOM
MEXaHUYECKUX CBOUCTB (IIPOYHOCTh, IUIACTUYHOCTh, BS3KOCTH), a TaK¥kKe
BO3MOXXHOCTBIO CHW)XEHUS CTOMMOCTH TaKMX MaTepHaloB 3a CUET IKOHOMUU
Ne(UIUTHBIX JIETUPYIOIIUX DJIEMEHTOB.

Ponp a3zora B crasim — TMOJHAs WIM YacTU4YHAs 3aMEHa B CTalH
JIOPOTOCTOSIIIMX JIETUPYIOLIUX 3JIEMEHTOB HHUKEINs, KoOanbTa, MOIMOJEHa, a TaK
K€ YaCTHUYHO — yIiiepoja. A30T, KaK U YIJIEpOJl, YIPOUHSET CTajlb, HO MPU 3TOM
YBEJIMYEHHUE KOJMYECTBA a30Ta HE BBI3BIBAET CHJILHOTO OXPYMYHUBAHUS, MOJI00HO
yraepony. Kpome Toro, azor mnopaBmsier oOpa3oBaHue jaenbra-peppura,
CHIKAIOIIETO BS3KOCTh M IJIACTUYHOCTh CTalld, OCOOCHHO B TOMEPEUYHOM
HaIpaBJICHUU BOJIOKHA, 4TO aKTyaJbHO JUIS BBICOKOXPOMMCTBIX

KOPPO3MOHHOCTOMKUX CTAJIEH.
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[TockoabKy pacTBOPUMOCTh a30Ta MPU KPUCTAIUIM3AIMN CTAIA CHUXKACTCA,
MOJIYYCHUE IUIOTHOTO, ©O€3 Ty3hIpeld W TMOPUCTOCTH CJIUTKA CTald  CO
CBEPXPABHOBECHBIM COJIepKaHUEM a30Ta TpeOyeT CHeUHaIbHBIX METO0B
BbITIaBKM. OJHUM M3 CHOCOOOB BBEJICHHS M COXPAaHEHHS a30Ta B TBEPJOM
pacTBOPE SABJISIETCS BBIILJIABKA MO/ IABJICHUEM.

Cranu MapTEHCUTHOIO KJlacca CO CBEPXPAaBHOBECHBIM COJIEPKAHUEM a30Ta
SABJISIIOTCS] TIEPCIIEKTUBHBIMU JIJIS JIETAJIEW C BHICOKOW TBEPJOCTHIO: MOAIIMITHUKH,
PEXKYIIUE UHCTPYMEHTHI U Ap.

Haubonee axkTyanbHO UX NPUMEHEHHE JIs CO3/IaHUS BBICOKOTOYHBIX
noAmUNHUKOB. Oco00€ BHUMAHHUE YJENAETCS TOJYYEHUIO MOJIIUITHUKOB C
MOBBIIICHHBIMU ~ TPEOOBAaHUSIMA K YHCTOTE MeETajlyla, B TOM 4YHUCJIE IIO
HEMETAUIMYECKUM BKIIIOUEHUSAM. [IpucyTCTBHE BKIIIOUCHHMI BIIMSET HA YCJIOBUS
KpUCTaJUIM3allii, BEIUYMHY 3€pHAa W CTPYKTYpY CTajld, a TaKXKE OHU MOTYT
ABJISIThCA KOHILIEHTPAaTOpaMHU HamnpsbKeHUW. PaspylmeHue aeraneil MOJAIIUITHUKOB
MOXET ObITh MO BUHE HEMETANTMYECKUX BKJIIOUCHHM, HaXOASIIUXCS KaK BOJIU3U
MOBEPXHOCTH, TaK U BBIXOASAIIUX HA TOBEPXHOCTH JIETAIIH.

OcoObIii mHTEpEC mnpenactaBiasieT B 3ToMm ciydae cTtaidb Cronidur30 ¢
CBEPXPABHOBECHBIM  COJCPXKAHUEM a30Ta, OTIMYAIOIIASCI, KaK BBICOKUMHU
MEXaHMYECKMMH CBOWCTBAMM, TaK M MPEBOCXOASANIas MO KOPPO3UOHHOM
CTOMKOCTH, TPAJUIMOHHO mpumeHsemble ctanu. [locraBnennas nepen PI'VII
«BMAM)» 3anaya 1o co3AaHHI0 BHICOKOIIPOYHON KOPPO3MOHHOCTOMKOM CTaju, HE
ycerynatouieit cranu Cronidur30, co cBepXpaBHOBECHBIM COAEpKAHHEM a30Ta C
TBepAoCcThi0 He MeHee S8HRC cocrosiyia He TOJIBKO B MOJIYYEHHMHM XUMHUYECKOTO
COCTaBa, 00ECIEYNBAIOINIECTO BHICOKHI yPOBEHb MEXaHUUYECKHX CBOWCTB, HO U B
00eCTieYeHUH YUCTOTHI METalyla 10 HEMETA/UIMYECKUM BKJIIOUEHUSIM, a TaK ke B
MOJTYYE€HHUH CIIUTKA O€3 MPUCYTCTBUS TOPUCTOCTH.

Jlnst pa3pabOTKH ¥ CO3/IaHWS HOBBIX MapOK BBICOKOIPOYHBIX CTajeu

OI'VII «BUAM» BBelieHa B dKCILTyaTallUIO MeYb (YCTAaHOBKA) JIEKTPOIILJIAKOBOTO
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neperasa noa gasienueM [IDIIII-0,1 ¢ BO3MOXHOCTBIO CO3TaHMsI TaBICHUS 10
30 aT™. a30Ta B IpoLEecce NeperiaBa.

BrimutaBka cranm (MCXOIHOTO JJIEKTPOJa) IMPOBOIMIACE B BaKyyMHOM
NeYH, NaTbHEHINN 3JEKTPONUIAKOBBIN MEperiaB MPOBOAUICS MO W30BITOYHBIM
nasienneM (DLUIIT/) ¢ nobasiaernem azotocoaepxareii uratyps ((FeCr)y).

JIJis TOTyYeHMsI CTaId ¢ PAaBHOMEPHBIM pacipe/IeICHHEeM a30Ta 10 BBICOTE
U B MONEPEYHOM HAIPaBJICHUU CIUTKA ObUIM pa3paboTaHbl OCOOBIE MapaMETPHhI
OUIITJ. Ocoboe BHHMaHHUE YHAENSAJIOCH METOJY BHECEHHS a30TOCOJEpXKaIlei

JIMTaTyphbl U €€ TUCIICPCHOCTH.

[TepemaBnsieMbIit Beenenue

ANEKTPOJ 2 N-conepxauieit
JUTaTyphl

[I1nakoBasi BaHH] (FeCrN)

Kunkuii megann

Puc. 1 — Cxema nporecca DIITJ] cramu

B pesynbrare mnpoBEeAEHHBIX paboOT co3gaHa KOPPO3MOHHOCTOMKas
KOHCTPYKLMOHHAsI CTaJlb C CBEPXPaBHOBECHBIM COJIEp)KaHueM a3oTa. PazpaboTaHbl
TEXHOJIOTHUSI TOJIyYeHHUsS] MPYTKOB M3 3TOM CTalM, PEKUM MpPeIBapUTEIbHON U
yOpouHstomend TepMudeckoil o0pabotku. Ilo CTpyKTYypHOHl OJHOPOAHOCTH,
MEXaHUYECKUM CBOMCTBAM M YJapHOM BSA3KOCTH pa3paboTaHHas CTajlb He

ycrymaet craiau Cronidur30.

3akioueHue
ITpoBenennnie B ®I'YII «BUAM» uccienoBanus MO3BOJMIA pa3padoOTaTh
MOAIIUITHUKOBBIE CTAJIM IO CBOMM XapaKTEpPUCTUKAM HE  YCTyHarollue

3apyOeKHBIM CTaJISIM-aHAJIOTaM.
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NOAIIMITHUKOBBIX cTanei. M.: Metaiutyprust. 1980. 264 c.
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VJIK 621.7

O0pabdoTka naBjeHHEM BbICOKONPOYHOM CTAJIH,

NpUMEHsIeMOM B ABHAIMOHHON TEeXHHUKE

1 1.
Kamuranenko /[.B. *; JlernukoBa E.1O. 7,

Boinymkuna C.B. ' Skymesa H.A.*

1 . .
Deoepanvroe 2ocydapcmeenHoe YHumapHoe npeonpusmue «Bcepoccuiickutl
HAYYHO-UCCNIe008aMmenbCKUl UHCMUMym ABUAYUOHHBIX mamepuanosy,

T'ocyoapcmeennsiii nayunwlil yenmp Poccutickou @eoepayuu (OI'VII « BUAM»)

AnHomauusn.

IIpedocmasnenvl ceedenuss 0 MeEXHOIO2UU NPOUIBOOCNEA, MEXAHUYECKUX
CBOUCMBAX U NPUMEHEHUU BbICOKONPOUHOU Koncmpykyuonnou cmanu BKC-9.
Jana cpaenumenvhas — xapakmepucmuka —HeKOmMOpblX — OMe4eCmEeHHbIX U
3apy0eAHCHbIX KOHCMPYKYUOHHBIX CIAlel.

Knrwuegwie cnosa:

6bICOKONPOYHAA KOHCMPYKYUOHHAA CMAJlb.
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[TocTosiHHOE COBEpPUICHCTBOBAHWE M pa3pabOTKa HOBBIX KOHCTPYKIIMMA
JeTaTeJbHBIX alapaToB MOJpa3yMeBaeT Moja co0oil MPUMEHEHHE MaTepuajoB C
MOBBIIICHHBIMU ~ XapAaKTEPUCTUKAMHU  YIEIbHOM MPOYHOCTH, JKECTKOCTU U
yctanoctd. Cpenu Takux MaTEpUaloB, HCIOIb3YEMbIX B OTEYECTBEHHOM
CaMOJIETOCTPOEHUH JUIsl U3TOTOBJIEHUS JI€Tajleil IUIaHepa U IACCH, 3HAYUTEIbHOE
MECTO 3aHMMAIOT CcTainu. JIJisi U3roTOBJICHUSI KPYMHOTAa0ApUTHBIX JAeTalleld HAIlLIu
NPUMEHEHUE TaKUE BBICOKOIIPOUHBIE CPEAHEIETUPOBAHHBIE KOHCTPYKIIMOHHBIE
ctanu kak 30XI'CH2A, D1643 (40XH2CMA), BKC-9, ynpounsiembie 10 (1700-
1950) MIla u paboTocmnocobHble B TeMIiepaTypHOM uHTepBase oT -70 g0 250°C.

CpaBHuTENnbHAsT  XapaKTepUCTUKA  OTEUECTBEHHBIX U 3apyOeKHBIX

KOHCTPYKIIMOHHBIX CTajiel MpejicTaBiieHa B Tadiuiie 1.

Tabmuua 1
XapaKkTepUCTUKU OTECUECTBCHHBIX
U 3apyOEKHBIX KOHCTPYKIIMOHHBIX CTaJICH
OB G0,2 d Kic
Mapka
MITa % MITaVm
30XI"CH2A
(30XI'CH2MA) 1600-1800 1350 9 77-99
P®
D643
(40XH2CMA) 1800-2000 1400 9 55-62
PO
BKC-9
(35XC2H3M®DA) 1900-2000 1600 9 74-99
P®
300M
CIIIA 1850-1920 1510-1580 7-8 65-87
3SNCD16 1850-1900 1400 8 85-88
®paHuus

Cranmp 30XI'CH2A c¢ mnpounocteto 1600 MIla B HacTosimiee Bpewms
UCIIOJIb3YEeTCSl B CaMOJIETOCTPOEHUHU JJI LIACCH CAMOJETOB Ui M3TOTOBJICHUS
OaJloK, JIOHX)XKEPOHOB, WIMAHTOYTOB IUIAHEpAa, a TaKXke OOJTOB, OCE W IPYyrux

OTBETCTBEHHEIX JIETAJIEN CAMOJIETA.
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Cranp 3OU643 (40XH2CMA) c¢ mpounocteio (1800-1900) Mlla
UCIIOJIb30BaNach Ui W3TOTOBJIEHHS OCEW, OOJITOB, AETalled IIACcCH, HO H3-32
HU3KOTO COMPOTHUBJICHUS KOPPO3MOHHOMY M BOJOPOJHOMY PacCTPECKUBAHUIO, a
TaK)Ke BSI3KOCTU pa3pyIlIeHUs] HE PEKOMEH]IyeTCs K UCIIOJIb30BaHUIO.

B3amen craim OW1643 Obina paspaboTaHa HOBask BBICOKOIIPOYHAS CTallb
BKC-9, xotopas npu Oonbmieit npoudoctd (1900-2000 MIla) B mnpyrtkax
10 90 MM m mokoBkax n0 200 MM He yCTymaer MO TPEIIMHOCTOWKOCTH U
HagexxHoctu crtanmu 30XI'CH2A. Tlo cpaBaenuto co crampto 300M (CILA),
yOpoYHsieMON Ha OJMM3KWUK ypoBeHb mpezena mnpodHoctH, ctaib BKC-9 wuz-3a
0oJiee HHM3KOIO COJEpKaHHUs YIVIEpOJAa W MOBBILIEHHOTO YPOBHS HHUKEIS HMEET
0osiee BBICOKOE COINPOTUBICHHE KOPPO3MOHHOMY PACTPECKMBAHHMIO U BS3KOCTb
paspymienust (Kic). Ilpu sToM xapakrepusyercsi 0oJjiee HHU3KOM IIOTHOCTHIO
(d=17,72 t/er).

B CIIA mnpuMeHHTENIbHO K HW3rOTOBJICHUIO PA3IUYHBIX JETajed IIaccu
TAaKXE€ MCIOJB3YIOTCS CPEAHENETUPOBAHHBIE KOHCTPYKUMOHHBbIE cTanu 4340,
4330V, D6AC, HY-Tuf, Tepmuueckn ynpodHsieMble MyTeM 3aKAJIKH W HU3KOTO
otnycka Ha npodHocTh (1400—-1800) MIla. Crans 4340 — HU3KOJIETUPOBAHHAS, C
xopolied 3akanuBaeMocThio. B 50-x ronmax »ty cranbs monuduiupoBaid B 300M,
KOTOpasi UMEET OOJIBIIYI0 MPOYHOCTb, HO 0OJIe€ HU3KYIO BSI3KOCTh pa3pyLICHUS.
DTa cTajb Halula IPUMEHEHUE B U3JIeTusIX bouHr.

AHanornyHasi 1o YPOBHIO MPOYHOCTH paHiry3ckas craib 35NCDI16 ¢
6,=(1800-1900) MIIa ucnons3yercs 1is maccu B u3nenusax Mupaxk, Konkops, F-
101, Aspobyc A-300, 310 (rmaBHOe maccu) [ 1-4].

Bo ®I'VII «BUAM» pazpaboTaHa BRICOKOIIPOYHAS KOHCTPYKIITMOHHAS CTaNTb
BKC-9 (npenen nmpounoctu > 1910 MIla) u TexHONOrUsI U3rOTOBJIEHUS U3 HEe
KpyHHOra0apuTHBIX MoiypadpukaToB (MokoBok ceuenrem 300 MM u Oojee), 4To
MO3BOJIUT 3aMEHUTHh B KOHCTPYKITUSX IIACCH MEPCIEeKTUBHOTO camonera MC-21

uMnopTHyto ctaiab 300M.
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I[lo cpaBuenuto co crainpto 300M  (CIIIA)  BbICOKOMpOYHAS
KoHCTpykimoHHas craah BKC-9 umeer Oonplnyio BS3KOCTh, IJIACTUYHOCTD,
CONPOTHUBJICHUE KOPPO3UU IOJ HAMNPSHKEHUEM, XOpowmo cBapuBaeTcsa. OIHAKO
MpaKTHKa MoKa3ala, YTo MPU U3TOTOBJICHUH KPYMHOrabapUTHBIX NoaypadprukaToB
UMEET MECTO HecTabMIbHOCTh (pa3dpoc) MPOYHOCTHBIX CBOMCTB: YpPOBEHBb
IPOYHOCTH G, B MPOAOJIBHOM HAaIpaBICHUH MOXET COCTaBIATH OT 1850 g0
1970 MlIla.

Kak u aysa GoNbIIMHCTBA BBICOKOJIETUPOBAHHBIX CTajeil M CIUIABOB, JUIS
BBICOKOIIPOYHBIX ~ KOHCTPYKIMOHHBIX cramed Ttuma BKC-9  cBolicTBeHHa
MUKPOXHMHYECKAsi HEOJHOPOJHOCTb, CBSI3aHHAsl C JCHAPUTHBIM XapaKTepoM
KPUCTAJUIM3allMA CIUTKA M OTYACTH C 30HAIBHOM JMKBauuen. OmHUM U3
BAKHEUIIUX TEXHOJOTMYECKUX TMPUEMOB, CHUKAIOIIMX JIMKBALHUIO, SIBISIETCS
ropsyasg  gepopmanus. I[lpuMeHeHHMe TroMOreHM3alliM B Ipoliecce Topsuen
nedopmali, a TakKe TEXHOJIOTMYECKMI NPUEM KOBKU C MPOMEXKYTOUHBIMU
MHOTOKPATHBIMU OCaJIKAMH, MOXET B 3HAUYUTEIIbHOW CTENEHW IMOBIUATh Ha
yCTpaHEHUE JUKBAIMU W TpPHUBECTU K MoBbleHUIO miactuuHoctu (Y, KCU) u
CHU)KEHUIO aHU30TPONHMH MEXaHUYECKUX CBOMCTB.

Bo OI'VIT «BUAM» Obimu mpoBeneHbl paboThl MO OTPabOTKE PEXHMOB
BBIIUIABKH, JAepopMallud W TepMOOOpaOOTKH,  BKJIIOYAIOLIUE  BIHUSHUE
TOMOT€HU3allUd CIUTKOB M TOBBILIEHUS CTENEHM YKOBA 3aroTOBOK Ha
MEXaHUYECKHUE CBOMCTBA M CTPYKTYPY KpPYIMHOTaOApUTHBIX IMOKOBOK W3 CTallu
BKC9-U/.

C uenpio pa3pabOTKU TEXHOJOTUU TOpsUeil aedopManuu ObUTA MPOBEACHBI
MCCIIEIOBAHUSI TIO OMPEICIICHUIO TOpsiuel TIacTUIHOCTH 00pa3ioB u3 cranu BKC-
9. Jlna omnpeneneHuss ONTHUMAJIBHOTO TEMIIEPATYpHOTO HHTEpBalia Topsyeit
nedopmary, JOMYCTUMOW CTenmeHW naedopmanuu  3a HarpeB, a Takke
yyBcTBUTENbHOCTH cTanu BKC-9 k ckopoctu nedopmaiuu ObulM MPOBEACHBI

KOMIUIEKCHBIE UCTIBITAHUS 00PA3I0B HAa OCAJIKY, PACTSHKEHUE U yAapHBIA U3TUO B
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nuanazone temmeparyp ot 800 go 1180°C. Pesynbrarhl ucnbITaHui 00pa3iioB U3

ctaiiu BKC-9 nipencrasiens! Ha pucyHkax 1-3.

Puc. 1 — O6pa3upl u3 cranu BKC-9 nocne ucnbiTanuii Ha ocaJKy B 1Mana3oHe TEMIIEpaTyp
ot 1000 mo 1150°C

AHanu3 pe3yJabTaToOB IOKa3aj, 4TO MpejeibHas (JOMyCcTUMas) CTEIEHb
nedopManvy mpu UCHBITAHUU HA OCAJAKYy cocTaBisieT He MeHee 70% B nuamazoHe
temriepatyp ot 1000 go 1150°C. Y nenpubie ycuius nedopMaiiu ¢ MOBBIIICHUEM

TEMIEPATYPhl CHIXKAIOTCS, YTO TOBOPUT O BBICOKOH miactuaHocTH crtainu BKC-9.

v

1000 °C

800 °C

VAVA"A

1050 °C 1100°C 1150°C  1180°C

900 °C

Puc. 2 — OGpa3up! u3 cranu BKC-9 nocne ncnbitanuii Ha yaapHbIi U3ru6
B nuanaszone temmnepatyp ot 800 mo 1180°C

VYnapnasa Bsskocts craniu BKC-9, xoropas mpu KOMHaTHOM TeMmmepaType
cocraBmster 49,5 Jhx/cm®, mpu  Temmeparypax 800—1180°C  3HAUMTENBHO
yBenmunBaercs 10 119 Jhx/cm®. Cremyer TakKe OTMETHTb PE3KOE YBEIHMUCHHUE
CKOPOCTH OKHCJIeHUs cTanu npu Harpere Boiie 1150°C ¢ o6pa3zoBaHUEM PBIXJIOH,
JIETKO OTCIIauBAIOLICHCsl OKaJTUHBI U OrpyOJIEHUEM MTOBEPXHOCTH 00pasiia.

Taxoxe BbicOokas TutacTuuHOCTh ctaniu BKC-9 mpu ropsuert aedopmanmu

ObL1a IMOATBCPIKACHA PE3yJIbTaTaMU HCIbITAHUN Ha PaCTAKCHHUC, IPHU UCIIBITAHUU
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Ha  pacTsbkeHue B uHTepBaie  Temmepatyp  800-1050°C  o6pasib

nehOpMHUPOBAIIUCH C OTHOCUTEIBHBIM YIJIMHEHHEM (0) B quamnazone 125-160%.

My~ gy

Puc. 3 — O0pa3up! u3 cranu BKC-9 nocie ucnbiTanuii Ha pacTsKeHUE B Uana3oHe TeEMIIEpaTyp
ot 800 o 1180°C

B nporpammaom xommuiekce QFOrm, ucmonb3yst pe3yabTaThl MEXaHUIECKUX
ucrnbeITanuii  o06pasnoB u3 cram BKC-9, Obuto mpoBeneHO MOJeIHpOBaHUE
npoiiecca ropsuei aedopmanuu. B mporiecce KOMIBIOTEPHOTO MOJCIUPOBAHUS
ObUTM  OTpabOTaHbl CKOPOCTHBIE U JehOpMAIMOHHBIE MapaMeTphbl MOTyYEHUS
MOKOBKU. Pe3ynbTaThl MPOBEAEHHOTO KOMIBIOTEPHOTO MOJEIUPOBAHUS IO

creneHn aedopmali U MO 3HAYEHUSM TEMIEepaTypbl B Pa3IMYHBIX 00IACTIX

MOKOBKH MPUBEICHBI HA PUCYHKE 4.

Max: 0,35 Max: 1152 °C J§ we
Min:0,04 f Min: 724 °C
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Puc. 4 — Pe3ynpTaThl KOMIBIOTEPHOI'O MOJIETMPOBAHUS MpoIlecca ropsiuel JeopMaiuu cTaan
BKC-9
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CorynacHO TOJIy4EHHBIM pe3yibTaTaM Obl1  BbIOpaH  ONTUMAIbHBIN
TEeMIEPaTypHbI auana3zoH ropsuei aeopmaruu crtamu BKC-9 u momyctumas
cTeneHb Jedopmanuum 3a HarpeB s MOJYyYEHHUS YPOBHS IPOYHOCTH
0,.>1950 MlI]a.

B  ycmoBusx AO «M3  «DOnekrpocramb»  Obula  pazpaboTaHa
TEXHOJIOTUYECKasi CXxeMa M3roTOoBJIeHUs MOKOBOK U3 ctanu BKC-9. BriOpanHblii
pexXUM AepopMaIii MO3BOJIMI U3TOTOBUTH MOKOBKH pazMepoM 6osee 300 mm co
CTEIEHBIO YKOBa OoJiee 4.

Ha nonyuyennsix B ycnoBusix AO «M3 «3OnekTpocTaiby) KpynmHOrabapuTHbBIX
nokoBkax u3 cranmu BKC-9 Obuin mpoBeAeHBI HCCIEIOBAHMUS KOMILIEKCA
MEXaHUYECKUX CBOUCTB (G, Opy 05, ¥, KCU, KCV, K;c) Ha oOpa3max,
BBIPE3aHHBIX B JI0JICBOM U TMONEpeuHbIXx HampaBieHusx. [lo pesynbTaTam
MPOBEAEHHBIX UCCIIEIOBAHUI 110 YPOBHIO BSI3KOCTH U HaAeKHOCTH cTtaiib BKC-9 B
KpynHorabapuTHbIX noirypadpukarax (mokokax He MeHee 300 Mm) He ycTymaer
3apybexxHoMy a”ayory craiau 300M.

[ToMuMO paboOT MO HAYYHO-TEXHUYECKOMY COIMPOBOXKIECHUIO U OCBOCHUIO
MPOM3BOACTBA Ha mpeanpustusax otrpaciu, Bo DI'YII «BMAM» opranuzoBaH
y4acTOK HM30TEpPMHUYECKOM naedopMalivy, OCHAIICHHBIA CIEeIHATIU3UPOBAHHBIMU
npeccaMr M M30TEPMUUYECKMMH YCTAaHOBKAaMH, MO3BOJSIONIMMU H3TOTABINBATH
ONBITHO-TIPOMBIIIUICHHBIE W CEpUIHbIE MAapTUX IITAMIIOBOK W3 HHKEJEBbIX,
TUTAHOBBIX U UHTEPMETAJIIUHBIX CILIABOB.

Taxke B HacTosiliee BpeMsi TPOBOAITCS pabOThI MO OCBOSHUIO CTaHa
XOJIOJHOM MPOKaTKH yo-KBapTo «300», ¢ UENbI0 MOJy4eHHUs! XOJOAHOKATaHHOU
JIGHTHl W3 YEPHBIX M I[BETHBIX METAJIOB B paMKaX TEMaTHUUYECKUX U
X037I0TOBOPHBIX padoT. IIpokaTHBIN cTaH MO3BOJSET MOJYyYaTh JUCTHI, MOJIOCHl U
JICHTHI C MaKCUMaJIbHOW mupuHa 10 250 MM, MUHUMAaJbHas TOJIIWHA JIUCTOB U
noysoc cocrapiasger 0,35 MM, MuHUManbHas ToimmHa JeHTel 0,05 MM,

MUHUMAJIbHBIN 00BEM U3TOTABIMBAEMBIX MOTY(HaOpPUKAaTOB OT 5 KT.
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Jluteparypa

1. Metallic Materials Properties Development and Standardization (MMPDS-
02), USA, Federal Aviation Administration.

2. Aviation Week and Space Technology, 1976.

3. [lotax S1.M. Bricokonpounsie ctanu. M.: Meramnyprus. 1972, 210 c.

4. Novotny Paul, Gernant E. Mauser «Ultra-High-Strength Steels VS
Titanium Alloys» Advanced Materials and Processes, V165, N 11, 2007.

Bcepoccuiickas Hay4YHO-TeXHUYeCKast KOHpepeHLus Ctpanuna 53



BbICOKOHpO‘-IHBIe CTaJlin JJIsd aBPOKOCMH‘{eCKOﬁ TCXHUKHU U TCXHOJIOTUU UX NNPOU3BOACTBA

V]IK 669

Pa3paboTka T€XHOJIOTHM BBHIIVIABKHA BHICOKOIIPOYHOM
mapreHcuTHOcTapeomel craan BKC-180M /I ¢ moHM:KeHHBIM COIepPKAHNEM

ra3oB U npumecei

Kpsinos C.A. *; Eropos E.B. *; Hepym C.B.*

1 . .
Deoepanvroe 2ocydapcmeenHoe YHumapHoe npeonpusmue «Bcepoccuiickutl
HAYYHO-UCCNIe008aMmenbCKUl UHCMUMym ABUAYUOHHBIX mamepuanosy,

T'ocyoapcmeennsiii nayunwitl yenmp Poccutickoti @edepayuu (OI'VII « BUAM»)

Annomauus:

Hccneoosanvl memannypeuyeckue 0coOeHHOCMU 8bINAABKU 8bICOKONPOYHOU
mapmencumnocmaperowet cmanu BKC-180U/] 6 sakyymnou unOyKyuoHHoOU nedu
(BU) ¢ ssedenuem 6 pacnias P3M u mexnonocuueckoii 006asxku 3axucy HuKejs u
HOCIEOVIOWUM Nepeniasom 8 6akyymuou oyeosou neuu (B/]). Texnonoeus
n0380JI51em NOAYHYUMb HU3K0e codepaiicanue 2a3o8 u npumecetl. yenepooa <0,005%;
kuciopooa <0,004%, azoma <0,003%, umo obecneuusaem 6vlCOKUU YPOBEHb
MeXaHu4ecKux c80UcCme KaK 8 001e60M, MAK U HONEPEeYHOM HANPABIeHUU.

Knrwueewie cnosa:

8b1COKONPOYUHAS cmain, be3yanepooucmas cmaib,
MapmeHCcumHocCmapeowas cmaib, 6vlniaska, nepeninas, P3M, zaxucv nuxens,
PACKUcieHue, 2a3vl, NpUMec, KOBKd, 3aKaIKa, mepmuieckas oopabomka, npeoen
NPOYHOCIU, YOAPHAsL 853KOCMb, NIACMUYHOCIb, KApOUobl, KapOOHUmMpuosl, 6L

3€epHa.
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BBenenue

OI'VII «BUAM» pa3paboTaH psii BBICOKOIIPOYHBIX CTajiel, B TOM YHCIIE
maprercuTHocTaperomas BKC-180 (0,>1700 H/Mm®), I [epCIeKTHBHBIX
U3JIeTTUN  aBUAIIMOHHOM TEXHUKH, JUIsI CUJIOBBIX J€TaJliei: IIaccu, IUIaHepa,
JIBUTATENS] W WM3ACIUNA JPYTHUX OTpaciiedd, paboTaronuX B YCIOBHSIX BBICOKHX
Harpy3o0k. OCOOEHHOCTBHIO BBICOKOIPOUYHBIX MApPTEHCUTHOCTAPCIOMIMX CTajiei
SBJIICTCSI OJArOMPHUSATHOE COYETAHHE IMPOYHOCTHBIX W ITUTACTHYECKUX CBOWCTB,
BBICOKOE COINPOTHUBIIEHHE XpynKkoMy pa3pyuieHuto. Crainp BKC-180 mo nmpounoctu
MPEBOCXOJUT oOTedecTBEHHbIM aHanor craanbk BKC-170 u  He ycrynaer
3apyOexHOMY aHajory — ctaii Maraging 250.

JlaHHasi cTanb XapaKTEpU3YIOTCA BBICOKOM IJIOTHOCTBIO NHMCIOKAUUW, MpU
TOM HHM3KOE€ COJEp)KaHHUE YIJIEpOJa CIIOCOOCTBYET TOMY, UTO OOJIbLIAs YacTh
JUCIOKAllMM ocTaeTrcsi He 3akperuieHHo. [locrmennee, B CBOKWO  oudepenb,
ONpENIENIAET BO3MOKHOCTh IPOTEKAHUS PEIIAKCALIMOHHBIX MPOIECCOB MPHU HUBKUX
TeMrepaTrypax, IpUBOASIINX K CHATHUIO JOKAJIbHBIX HANPSIKEHUH.

Bricokass mpoyHOCTh B JAHHOW CTalld JOCTUTAETCS 3a CYET CTapeHus
MaJIOyTJIEPOANCTOT0O MapTEHCHTA C BBIACICHHEM MeIKoAucnepcHbix (a3 NisTi,
Fe;Mo u ap. ®asza NigTi sBisieTcss OCHOBHOM  ympouHsOIIEH ¢a3zoi, oT
COJIepKaHMs KOTOPOW B CTAJIM 3aBUCUT YPOBEHb MEXaHUYECKUX CBOMCTB.

Takum oOpazom, st QgopmupoBanuss NizTi ¢da3sl B HeoOXoaUMOM
KOJIMYECTBE M MOJYYEHUS BBICOKOW IUIOTHOCTH HE3aKPEIJICHHBIX IHCIOKAlUl
HEO0OXOMMO, 4TOOBI COJIEp’)KaHWE TPHUMECEH ObLT0 MUHUMAJIBHBIM: yTiiepoaa <
0,01 %, azora < 0,005 %, kucnopona < 0,005 %. J[OMOJHUTEIHLHO CHUKECHUE
yraepojia U a30Ta MPUBOJUT K YMEHBIICHHUIO KapOWJIHBIX M KapOOHUTPHUIHBIX
BBIJICJICHUI, YTO CHUKAET BO3MOXKHOCTh OXPYMYMBAHUS CTAJIM MPU OXJIAKICHUU C
temnepatyp nedopmaruu. CHUKEHHE COJCpP)KaHHS YIiepoda IMOJOXKHUTEIHHO
CKa3bIBaCTCS HAa TMPOYHOCTHBIX XapPAKTEPUCTUKAX CTalM, T.K. Ojarojaps 3TOMY
BBICBOOOXKIACTCS TUTAH JJIsl YBEIMUCHUS KOJMYECTBA yrpouHstonien (hasbl NigTi.

BOHpOC O CHM)XCHHU COIACPIKAHUA TI'a30B M, B TOM HYHCIIC, VYIJICPOJa B
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JIETUPOBAHHBIX HUKEJEM, KOOAIbTOM, MOJIMOICHOM, TUTAHOM
MapTEHCUTHOCTAPCIONIUX CTAISIX CTOUT YK€ Joaroe BpeMsi. OCHOBHBIM METOJ0M
[0 CHWXEHUIO YIJEpoJa B CTaIM B HACTOSAIIMKA MOMEHT SIBJISIETCS JIBOMHOM
neperiaB. B Hactosimee Bpemsa s BbiiaBku ctanu BKC-180 mpumensror
JYTUIEKC-MPOIECCHI BBITIJIABKHU - BAKYYMHAsl MHIYKIIMOHHAS TI€Yb C TTOCJIEAYIOIINM
BaKyyMHBIM JTyroBbIM mneperiaBoM (M]1) wiu 35eKTpOHHOIYYEBBIM TEpEIIaBoM
(WUJT). Hnsa paboter Obu1 BBIOpaH aymiekc-mporiecc (M]]), mmeromuii Gonee
IMPOKOE MPUMEHEHHE B MPOMBIIUICHHOCTH, YeM 3JeKTpoHHO-TyueBon (MJI).
CopnepxaHue ra3oB W IpPUMECEW B MeTajlle, MOJIYy4aeMOM IIOCJE TEperuiaBa B
AIIEKTPOHHOIYUYEBBIX T€YaxX, HIKE YeM TOCJIEe MEperiaBa B BaKyyMHO-TyTOBBIX
neyax u ocraercs Ha ypoBHe: yraepoa ao 0,01 %, azor no 0,005 %, kucnopon no
0,005 %. OpHako mpolecC IUIABKA B DJIEKTPOHHOJYYEBBIX II€YaX SABISETCSA
HEPro- W TPYAOEMKHM, a, CIEJOBATENbHO, 0OJiee JOPOTUM IO CPaBHEHHUIO C
neperaBoM B B/l meuax. Ha ceronHsmHuN AeHb METOJ 3JEKTPOHHO-Ty4E€BOTO
neperjiaBa He MOJyYWJl IIHPOKOTO PaCIpOCTpPaHEHUS Ha OTEUECTBEHHBIX
NPEANPUATUAX U HACUUTHIBAET BCErO 1-2 MPOMBILNIIEHHBIE €AUHUIIBI.

IIpu BemmaBke B BU newax ynanenue yriepoaa u3 MeTajula NpeACTaBISIET
ONpPEACICHHbIE TPYIHOCTH TMPU HAJIMYUMKU B cocTtaBe crtanu thutaHa no 0,5% wu
amomunus 110 0,15%, 9TO CAYKUT MPENSATCTBUEM JIJIsi M30UPATEITHHOTO OKUCIEHUS
yriepozaa. T.e. HE B JOCTATOYHOM CTENEHU 00ECIeUnBAIOTCS TEPMOJUHAMUYECKUE
BO3MO>XHOCTH B3aUMOJEHCTBHSl yTiepoAa C KHCIOPOJAOM M, Kak CJEACTBHUE,
MOJIYYCHHUS]  OJIArOMpPUSITHOTO  COYETAHUS TMPOYHOCTHBIX U TUIACTUYECKUX
XapaKTePUCTHK.

Ilenr  mpoBemeHHOW  pabOTBI  COCTOSJIA B YCOBEPIICHCTBOBAHHHU
CYLIECTBYIOIIEN TEXHOJIOTHH BBIIIJIABKU BBICOKOIIPOYHON MAPTEHCUTHOCTAPECIOLIEH
ctanu BKC-180, coueraromeit BeimiaBky B BU mewax u mocnenyrommm BJ]
nepermaBoM. Mertonuka BBeneHus P3M M TeXHONIOTrHYECKOM JT00aBKH OKHCH
HUKeNd B paciiaB npu npoBeaeHn BUW  mnaBku oOecreunmBaeT HHU3KOE

COJIep’KaHHe BPEIHBIX MPUMECEH U ra3oB, B TOM uyucie yriepoaa. CHMKeHHE
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COJIEpKaHUSI BPEIHBIX MPUMECEH MO3BOJISIET MOBBICUTH CTA0MIIBHOCTD MOJTYYEHHUS
BBICOKOTO YPOBHSI KOMILIEKCA MEXaHHIECKHX CBOMCTB (o, >1720 H/mm®, y>50 %,
KCU>49 JTx/cM?), a CHIDKEHHE BBIICICHHS KapOHIHBIX W KapOOHUTPHIHBIX CETOK
MO3BOJIIET IIPOBOAUTH TEPMOOOPAOOTKY CTasI ITpU 00Jiee HU3KUX TEMIEpAaTypax U
MEHBIIIEM BPEMEHU BBIIACPKKH.

MeToanka npoBeaeHUs UCCAEeI0BAHUM

[Ipn pa3paboTKe TEXHOJIOTMHM BBIJIABKHM MAPTEHCUTHOCTAPEIOIIEH CTalu
BKC-180M1/], mukponerupoBanHoii P3M, 3a ocHOBY Oblia B3siTa TEXHOJIOTHS
BbituIaBku BKC-180, nopabotanHas ¢ y4eToM OCBOSHUSI HOBOM TE€XHOJOTUYECKOMN
omnepalnny — MHUKpOJIETUpoBaHue paciuiaBa P3M ¢ BBeleHMEM B paciuiaB OKUCH
HUKEJIS.

Pa3zpabGoTtannsiii TEXHOJOTUYECKUI rpolecc BBIIUIaBKU
MapreHcutHocTaperonien cranu BKC-180 mukponerupoBannon P3M, cocrout u3
CJICIYIOIIUX OTEPaIUi:

— BBIIUIABKA MCXOJHOTO MeTajuia MapreHcuTHocTtaperomen crtanu BKC-180 B
BaKyyMHBIX HMHJIYKIHOHHBIX I€4aX M OTJIMBKH D3JEKTPOJOB B METAUIMYECKUE
TpyObI tuameTpom 90 mwm;

— MeperuIaBa JUTHIX UCXOJHBIX 3JEKTPOJIOB B BakyyMHoM nyrosoi neun VAR L
200 B kpuctamm3zaropsl 100 u 130 mm.

KoHTponp XMMHMYECKOrO COCTaBa M COJNEPXNKAHHUsS Ta30B W IPUMECEH B
NOJIYYEHHBIX  CIIMTKaX OCYIIECTBIBUICA IIOCJIE BBIIUIABKM B BaKyyMHOH
WHAYKOMOHHOW  I€4Yd, BaKyyMHOIO JYyroBOro Ie€periaBa,  IOJyYEHUs
noinyadbpukatoB (MPyTKOB, CYTYHOK). XUMHYECKUM COCTaB ONPEISIISIN METOIOM
aTOMHO-PMHUCCUOHHOW CHEKTPOCKONMU OCHOBHBIX JIEMEHTOB Ha ycraHOBKe ARL-
4460 B cootBerctBuu ¢ 'OCT P MCO 13898-2-2006 u 'OCT P NCO 13898-4-
2007. CopepkaHue ra3oB M NPUMECEH KOHTPOJHMPOBAIM TPH IMOMOIIM METOJa
BaKyyM - IjiaBjieHust Ha yctaHoBke LeCco TC-436 (aHayiu3 ra3oB), B COOTBETCTBUU

c I'OCT 17745-90 u metona cxxuranus B Bakyyme Ha yctaHoBke Leco CS-444
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(ananu3 yriepona u cepbl) B coorBeTcTBUU ¢ ['OCT 12344-2003 u 'OCT 12345-
2001

YpoBeHb MEXaHMYECKUX CBOMCTB (MpeAesn MPOYHOCTH, IUIACTUYHOCTD,
YIApHYIO BSI3KOCTb) ONpENeNsyii Ha oOpasliax, BbIPE3aHHBIX W3 MPYTKOB U
CYyTYHOK (B JOJICBOM U [ONEPEYHOM HAIMpaBJICHUU) U  MPOIICAIINAX
pexkoMenioBanHbIi it ctanu BKC-180U1 /[ pexxum TepmoobpadoTku. McnbiTanus
Ha TIpeeN MPOYHOCTH U IUIACTUYHOCTh MPOBOAWIN HAa UCHBITATEIHLHOW MaIllnuHe
Tiratest 2300/1 mpu T=20°C o 'OCT P 1497. UcnbiTanus Ha yAapHYIO BI3KOCTh
npoBouian Ha MasTHUKOBOM komnpe MO 5003-0,3 mpu T=20°C o 'OCT 9454-78.

Pe3yabTaThl HCC/IEIOBAHUM U UX 00CY:KIEHUE

B nacrosmee Bpems miis BeiiaBku ctaii BKC-180 npumensroT gymiekc-
MPOIIECCHl BBIIUIABKM — BaKyyMHas HWHIYKIIMOHHAs T€Yb C TOCJIEAYIOIINM
BaKyyMHBIM JTyToBBIM TieperiaBoM (M) unu 31eKTpOHHOMYYEBBIM MEPETIaBOM
(WUJI). Hnsa paboter Obu1 BBIOpaH aymiiekc-niporiecc (M), mumerommuii OGonee
HIMPOKOE MPUMEHEHHUE B TPOMBIIIJIEHHOCTH, YeM AJIeKTpoHHO-Ty4deBoi (MJI).

Taxoxke miis mMpou3BOACTBA OE3yrIEPOIUCTHIX CTalel HMCIOIB3YIOT 0C000
YuCThIe MUXTOBbIe MaTepuaibl. Jist BeimuiaBku ctanu BKC-180 pexomenayercs
MIPUMEHSTH Kenne30 ¢ coaepxkanueM yriaepoaa <0,008% mapoxk 005KP u 0082KP
(tabmn. 1). OgHako, B HACTOSIIIEE BPEMS JKeIe30 BBICOKON uncTOoThl Mapok 005KP
1 008)KP He mpou3BOANTCS M MPAKTUYECKU YIUIO C pbIiHKA. [IoaTOMYy B KayecTBe
IbTEPHATUBHOTO IMIMXTOBOTO MaTepHalia MCIIOJIH30BAIM TaKKe KeJIe30 0coOou

yuctothl Mapku APMKO Ttun 1 ¢ conepxanuem yraepoaa <0,02% (tabm. 1).

Tabmura 1
XI/IMI/ILICCKI/Iﬁ COCTaB Map0K JKeJie3a BLICOKOﬁ YUCTOTHI
Mapka Homep TY Maccosas noas1, % He OoJiee
Marcpuaja C Mn Si S P Cr Ni Cu | Al
14-1-128-
00SKP | 2 0,005 | 0,006 | 0,03 | 0,005 | 0,003 | 0,01 | 0,03 | 0,03 | 0,05
008KP %‘11'1'128' 0,008 | 0,006 | 0,03 | 0,005 | 0,003 | 0,01 | 0,03 | 0,03 | 0,05
APMKO | 00187895-
] 176.2009 0,02 | 0,02 | 0,06 | 0,003 |0,002 | 0,01 | 0,012 | 0,02 | 0,023
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TexHOJIOrMYeCKnii MPOUECC BBHIIUIABKM MAPTEHCUTHOCTAPEIOLIEH CTalu
BKC-180 MukponerupoBanHoil P3M, coCTOHUT U3 ClleIyronuX oneparuii:

— BBIIUIABKAa MCXOJHOTO MeTauia MmapTeHcuTHocTaperomen crai BKC-180 B
BAKYYMHBIX HMHAYKIMOHHBIX M€YaX WU OTJIUBKU DJIEKTPOJOB B METAJUIMYECKHUE
TpyOBI C BHYTPEHHUM JTuaMeTpoM 90 mwm;

— MEpeIUIaB JINTBIX MCXOAHBIX 3JIEKTPOJOB B BAKYYMHOU AYrOBOM II€YH B
kpuctaiunzaTopsl 100 u 130 Mm.

KOHTpOJIF XMMHMUYECKOTO CcOCTaBa W COJEpKaHWS Ta30B M IPUMECEH B
NOJIYYCHHBIX CIIMTKaX OCYIIECTBIBUICA IIOCIE€ BBIUIABKM B BaKyyMHOH
WHIYKIMOHHOW  T€4Yd, BaKyyMHOTO JYroBOro IeperiaBa, IOJIYy4YEHUs
nosry(hadpukaToB (IPyTKOB, CYTYHOK).

B mponecce BakyyMHOM HWHAYKIMOHHOW IUIaBKM B pPacIuiaB BBOJMIIACH
OKHUCh HUKEId ISl CO3JaHMs «yriiepoaHoro» kuma. Co3gaHue OKUCIMTEIbHOIO
NOTEHIMala B paciljlaBe B TEYEHHE HEOOXOIMMOTO BPEMEHHU ISl B3AUMOACHCTBUS
C UMEIOIIMMCS YTJIEPOJIOM B BaKyyMe MO3BOJIMIIO CHU3UTh COJIEPKAHUE Yyriiepoaa
10 < 0,005 %. xak Ha MJaBKax C HMCIOJb30BAHMEM KEJI€3a BBICOKON YHMCTOTHI
mapku 008XKP, tak m xkeneza mapku APMKO tun 1, t.e. B 2-3 paza mno
CPAaBHEHUIO C H3BECTHBIMU CHOCOOAaMHU  BBIIIJIABKH. JlonoaHUTENbHOE
packucieHue paciuiaBa B Bakyyme ¢ BBedeHueM P3M u nmocnenyrommii BT
oOecreynin HU3K0e co/iepKaHue Ta30B U cephl (Tadn. 2).

Tabmauma 2

Brnusinue MeTo10B BBITUTABKY Ha cojiepkaHue npumeceii B cramun BKC-180

Meron Coneprxanue 31€eMeHTOB, % Macc.

BRIIIABIH Yraepon Kucnopon A30T Cepa
1A 0,02 0,006 0,009 0,008
N1 0,008 0,005 0,005 0,003
UJ] c P3M u 0,002 (0087KP) 0,0017 0,0017 0,0011
OKHCh — — — —
HUKEJIS 0,0037 (ApmKo) 0,0030 0,0036 0,0030
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Cnutku onbITHO-ipoMbilieHHOM nmaptun ctanu BKC-180U /] nmocne BJIIT
JUIsl BBIDABHUBAHMSI XUMHUYECKOTO COCTAaBA W YIYUIIEHHUS JIMTOM CTPYKTYpBI
MOJIBEPrajl TOMOTCHU3UPYIOMIEH H30TEPMUYECKON BBIIEPKKE B TEPMHUUYECKUX
neyax ¢ MoCJIEIyIONIMM OXJIaXICHUEM Ha BO3/IyXe€.

HccnenoBanuss mexanmdeckux cBOMCTB (o, Y, KCU) mpoBoaumuce Ha
oOpasliax B TPOJOJHLHOM M TOIMNEPEYHOM HAIPaBIEHUSAX MOCIE CTaHAAPTHBIX
PEKUMOB TEPMUUYECKON 00paOOTKH:

— BricokoTemnepaTypHyto  3aKajKy  IOpOBOAMIM  JUIsl  PACTBOPEHMS
KapOOHUTPUIHBIX ceToK. [Ipu mepeHoce 3aroToBKM M3 IE€YM B BOAY HE
JOMYCKAJIOCh OCThIBaHUE 00pa3lioB. KOHTPOJIb MUKPOCTPYKTYpPBI HE OOHAPYX U
BBIJICJIICHUI 10 TPAHULIAM 3€PEH.

— JIyist monmydeHust u3MenbueHHoro 3epHa (6 — 7 6amn mkansl ['OCT 5639) u
MOJIYYEHUS] OJHOPOJHOM CTPYKTYpbl MPOBOJMJIACH TPEXKpAaTHAsl 3aKajlka C
TEMIIEpaTyp HUKE BBICOKOTEMIIEPATYPHON 3aKaJIKH.

— 3aBepiaronas TepMooOpadoTKa — YIPOUHSIOLIEE CTAPEHUE OXJIAKIECHUEM
Ha Bo3ayxe. Ilocime mpoBeaeHust TepMooOpPaObOTKHU MPOBOAMIUCH UCHBITAHUS HA

KPaTKOBPEMEHHYI0 TPOYHOCTh (pacTsbkenue npu 20°C) u ymapHyr BSI3KOCTb

(Tabnuia 3).
Tabmuna Ne3
Mexanuueckue cBoiictBa ctanu BKC-180 mpu T=20°C
Crioco6 Hampasiienue 0 KCU,
BBITJIABKU BOJIOKHA 0, Mlla o0z, MI1a v, % Jix/em®

Honesoe 1730 1650 45 49,0

an
ITonepeunoe 1720 1610 35 34,9
JoneBoe 1765 1745 58 59,0

501
ITonepeunoe 1775 1755 45 45,5
VT c P3M 1 Jonesoe 1875 1810 62 78,5

NiO
ITonepeunoe 1865 1825 59 63,5
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[TonydeHnnsle pe3ynapTaThl oKa3anu uto metoa B/l-nepennaa ctanu BKC-
180 c¢ BBemenumem P3M u 3akucu HHKeNs OOECHEUMBAIOT BBICOKUI YPOBEHD
MEXaHUYECKUX CBOHMCTB: o, ~(1865-1875) MIla, y ~ (59-62)%, KCU ~(63,5-
78,5)K/cM’.

Oco6oro BHUMaHHSI 3aCITy’)KHBAeT TOT (paKT, 9YTO MEXaHUYECKHE CBONCTBA,
MOJIyYeHHbIE JUIsl OOpa3loB, BBIPE3AHHBIX TMONEPEK BOJOKHA, COOTBETCTBYIOT
YPOBHIO CBOMCTB 00pa3liOB, BEIPE3aHHBIX B JOJIEBOM HAIIPaBJIECHUH, YTO SIBIAETCS
CYILIECTBEHHBIM II0OKAa3aTeJIEeM KayecTBa MeTajula i MapTEeHCUTHOCTAPEIOIINX
CTaJICH.

JIst OIleHKW BIUSHMUS METOJAa BBHIIJIABKHM HA CTPYKTYPY BBICOKOIPOUHOM
MapTteHcuTHocTapetomend craau BKC-180, 6bu1 mpoBeneH MmetaiiorpadudecKkui
aHaJIN3.

B MapTeHCUTHOCTAPEIOMINUX CTASAX MPU 3aMEIJICHHOM OXJIAXACHUH IOCHe
nedopmaiu («OXpYIMYUBaHUE») MPOUCXOAUT BBIJCICHUE YaCTHUI] KApOOHUTPUIOB
Wi KapOMJIOB TUTaHa N0 TpaHuuaMm 3epeH (puc. 1). [ns pacTtBopeHUs

OXPYITUYUBAIOIIMX BBIJCICHUN ITPOBOJAT BEICOKOTEMIIEPATYPHYIO 3aKAJIKY.

} Iz i SRR e |
- -t s 3
;* TN - . I

Puc. 1 — XapakrepHass MUKPOCTPYKTYpa IPU 3aMEFICHHOM OXJIaKICHUH
nocne aedopmanmu x100

[Tocne mpoBeaeHusi BeicokoTeMinepaTypHoil 3akanku crtaiu BKC-180U/] ¢
BBezicHrneM P3M u NiO, Obuti MOAroTOBICHBI 00pa3Ilbl AT KOHTPOJISA U OLICHKU

KapOUAHBIX U KapOOHUTPHUAHBIX CeTOK. BennuuHa 3epHa Bappupyercs ot 2 a0 3
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Oa/yIoB, TpaHMIIBl 3€pHA YUCThIE, KapOWAHbIE U KapOOHUTPHUIHBIE CETKH HE
obnapyxennl (puc. 2 a). Torma xak B craimm BKC-180U]], mnomydeHHOI

CTaHJAPTHBIM CITIOCOOOM, MOCIIE BHICOKOTEMIIEPATYPHOU 3aKaJIKU OXPYTUUBAIOIINE

BBIICJICHUSI B CTPYKTYPE CTaJIU MOJIHOCTHIO HE yCTpaHstoTes (puc.2 0).

a) 0)

Puc. 2 — Mukpoctpykrypa cranmu BKC-1801/] mocie BeicokoTemnepaTypHoit 3akanku x100
a) 1o pa3paboTaHHON TEXHOJIOTHH, pa3Mep 3epHa 2 — 3 Oaiul, rpaHUIbI 3epHA YHCTHIC,
0) 1o cTaHJAPTHOM TEXHOJIOTUH, pa3Mep 3epHa | — 3 Gasul, HalM4YHe HePacTBOPEHHBIX
OXPYITYMBAIOIIUX BBIJCICHUI.

[IpoBenenublii  MeTauiorpadUyYecKuil  aHAMM3 TOCNIe  OKOHYATEIhHOU
TepMOOOpabOTKKM  MoKa3zaj, 4Yro Pa3paboTaHHas TEXHOJOTHsS  BBIILIAaBKU
BBICOKOIIpOYHOU MapTeHcutHoctapetonet cramu BKC-180M]] oGecneunBaer
NOJy4YE€HUE JAOCTATOYHO OJHOPOIAHON MEIKO3EPHUCTON CTPYKTYpBI, OLICHUBAEMOM
6-7 6amnom mkanel OCT 5639-82 (puc. 3). 3T0 Mo3BOISIET 00ECIIEYUTh BHICOKUI
ypoBeHb noka3zateneit mactuaaocta (KCU u ).

Ha oOpa3nax, mpomeaimmx UCnbITaHusI Ha YAApHYIO BSI3KOCTb, IPOBOAUIICS
dbpakTorpaduuecKkuii aHau3.

Paspymienne — Bs3koe, ¢ 00pa3oBaHMEM CKOCOB, pPa3BHUBAETCSA
BHYTpU3€peHHO. M3710M  mIepoXoBaThli, HMEET SIMOYHOE CTPOCHHE C

npeobiialaHieM METKOSIMOYHOT0 pebeda.
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Puc. 3 — Mukpoctpykrypa crasiiu BKC-1801/] nocne okoH4aTenbHOM TepMo0OpaboTKHy,
6 — 7 6ayu1 3epHa

Jlns  0o0pa3moB, BBIPE3aHHBIX U3 CYTYHKH B JIOJIECBOM HaIlpaBJICHUH,

XapaKTepHbIN BUJ U3JI0Ma IpUBEJEH Ha puc. 4 u 5 (a—B).

M3TOTOBJICHHOM MO CTaHAAPTHON TEXHOJIOTUU
a — o0muMii BU U3JI0Ma; O — CTPOCHHUE M3JIOMa B IICHTPATILHON 30HE
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a)

~

0353 5048 SEI

Puc. 5 — Ctpoenue u3iioma o0Opasia, Beipe3aHHoro u3 npyrka craau BKC-180M1/] mo

pa3paboTaHHOHN TEXHOJIOTUI
a — o0Imui BUJ U3710Ma; 0, B — MEIKOSIMOUHBINA pelbed U OTJeNbHbIE KPYITHbIE IMKH

YuuThiBasl MOJOXKUTENbHOE BIMSHUE BBeAeHUS P3M U TEeXHOIOTMYECKOU
nob6aBku 3akuicu Hukens B cTtaib BKC-180MJ] Ha cHmkeHHe coaepKaHus
yriaepoja, KUCIOpoJa W a30Ta, Leaecoo0pa3HO HCMHOJIb30BATh  JAHHYIO

TCXHOJIOTHIO B IIPOMBIINIJICHHBIX YCJIOBUAX.

3akilouenue

1. Paspaborana TEXHOJIOTHSI MOJTYICHUS BBICOKOTIPOYHOM
MapreHcuTtHocTaperomenn cranu BKC-180MJI, ¢ BBenennmem P3M u 3akucu
HUKEJIS.

2. ITokazaHa BO3MOXHOCTh 3HAUUTEIIBHOTO CHUKEHUSI COJIEPIKAHUS BPEIHBIX

pUMecei: yriepojaa, a30Ta, KUCIOpo/a.
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3. TexHosorus  BBIJIABKK  JYIUIEKC-TIPOLIECCOM  COBMECTHO  C
MUKpoJiernpoBaHueM  ctaiu  P3M  oOecneuMBarOT ~ BBICOKHII  YpOBEHBb
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AQO «Bvikcynckuil Mmemaniypaudeckuti 3a600», Poccus, e. Bvikca

Annomauus:

IIpeocmasnensvl pesynrbmamul UCCIE008AHUA GIUAHUA A30MA U 8AHAOUA HA
G opmuposarue MUKpOCmMpyKmypol, MOHKOU CIMPYKMYPbl U MEXAHUYECKUX CBOUCME
HU3Koy21epooucmslx cmanei mpybHoeo HazHadenus. llokazano, umo nymem
OUCNEPCUOHHO20 MBEPOEHUsl 3a CYem BblOeNeHUs YACmuUYy BaHAOUsI COBMECHHO C
MeepOOPACMEOPHLIM ~ YNPOUHEHUEeM Om MAp2aHya 6 YCIo8USAX JIUMeEUHO-
npoxamuoco komniexkca AO «Buvlkcynckuil memannypeuueckuil 3a600%» 603MONCHO
nOJyYams X1a00CMOUKUX npokam xkiaccog npounocmu om K48 0o K60 c évicokum
OmMHOCUmMENbHbIM — YONuHeHuem  (26-29%).  llokazama  npunyunuaivHas
803MONCHOCMb NPOU3BOOCMBA PYIOHHO20 NPOKAMA CUCHEMbl MUKDOIE2UPOBAHUS]
V-N, obaaoaroweco cmotikocmoio k pacmpeckusanuro 6 H,S-cpeoe.

Knwueswie cnosa:

JIUMENHO-NPOKAMHbBIL ~ KOMNJEKC, — NpoKam  mpyoOHO20  HA3HAYEHUS,
MUKpONe2UposaHue, MUKPOCMPYKMYpA, NPOUHOCMY, NIACMUYHOCTb,

X11a00CMOUKOCMb, CMOUKOCHb K CEPOB000OPOOHOMY PACMPECKUBAHUIO.
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BbICOKOHpO‘-IHBIe CTalau 4Jjid aBPOKOCMH‘{CCKOﬁ TCXHUKHU U TCXHOJIOTUU UX NNPOU3BOACTBA

N3rotoBnenne TpyO Majoro M CpeAHEro auaMerpa U3 COOCTBEHHOIO
PYJIOHHOTO TIpOKaTa MPOU3BOJICTBA JIUTEUHO-ipokaTHOrO Komiuiekca (JIITK),
paboTaroNIero No COBMEIIEHHON TEXHOJIOTUHU BBIMIJIABKH, HENIPEPHIBHON Pa3IUBKU
U MPSIMOM MPOKATKU TOHKHUX CIISI00B B ropsiueKaTaHble PYJIOHBI, SIBJSETCS OJHUM
U3 OCHOBHBIX HampasieHH npou3BojcTBa AO «BBIKCYHCKHI METAJLTypru4ecKuil
3aBos» (AO «BM3y») [1, 2]. s obecrieueHUs: BHICOKOTO YPOBHSI MPOYHOCTU U
OJTHOBPEMEHHO  XJIAJJOCTOMKOCTH METAUIONPOAYKUMUHA MPU  OTPULATEIBHBIX
TeMIlepaTypax B CTajb J00ABISIOT HUOOUHU [3, 4], KOTOPHIA MO3BOJISIET METAJLTY
npuaaTh ocoOble CBOMCTBA. ['TTaBHOM MpoOJieMON MUKPOJIETUPOBAHMS CTaliel B
YCIIOBUSIX POCCHICKOTO METAJLUTypPru4ecKOro MpOU3BOJCTBA SABISIETCS HMIOPT
JAHHOTO XHMHYECKOrO0 3JIEMEHTa. B CEerogHsIIHUX YCIOBUSIX YAaCTUYHOU
W30JMPOBAHHOCTA POCCUICKUX METAJUIYPIMUECKMX KOMIIAHUHA OT MHPOBOTO
coo01iecTBa, MEPUOJIOM CAHKIMOHHOW MOJUTUKH, HEOOXOJMMO pa3padaThiBaTh
UMIIOPTO3aMEIIAOIIME  TEXHOJOTMM  IPOU3BOJACTBA  METALIONPOAYKLIUU  C
0COOBIMHU CBOMCTBAMH.

B HnxenepHo-texnonornueckoM 1entpe AO «BM3» BeayTcst u3bICKaHUs
[0 COBEPIIECHCTBOBAHMIO CYIIECTBYIOIIMX M CO3AAHUI0 HOBBIX TEXHOJIOTUI
W3rOTOBJICHUSI BBICOKOKAQYECTBEHHOM MPOAYKIIMH, OTBEYAIOIIEH COBPEMEHHBIM
TpeOOBaHMSIM  pa3NUYHBIX mnoTpebuteneii. OmuuM u3  pazpabaTbIBaeMbIX
HalpaBJI€HUl  CO3/IaHMA HOBOM MPOAYKUMH TPYOHOro copTamMeHTa IIo
MMIIOPTO3aMEIIAOIIEN TEXHOJIOTMM  SBJISIETCS  YIIPOYHEHHE CTajlel IyTeM
JTUCTIEPCUOHHOTO TBEpJieHNs dactuiiamu BaHamusi [5]. Hama crpana oGmamaer
3HAYUTEIBHBIMU PECypcaMu BaHa/AMs, KOTOpbIE CIHOCOOHBI 00€CIeunuTh paboTy
OTE€YECTBEHHON TPOMBIIIUIEHHOCTH HA MHOTHE TOJIbI BIIEPEI.

[enbto  HacTosiie  pabOTBI  SBISJIOCH  UCCIEOBAHUE  BIIMSIHUSA
MUKPOJIETUPOBAHUS HU3KOYTIEPOJUCTHIX CTalleld TpPyOHOr0 Ha3HAYEHUsI BaHAIUEM
¥ a30TOM Ha (popMUPOBaHHE MUKPOCTPYKTYPBI, XapaKTEP BBIICICHUS TUCTIEPCHBIX

qacTul, YPOBCHb MCXAaHHUUYCCKUX CBOMCTB M CTOMKOCTb K KOPPO3HOHHOMY

Bcepoccuiickass Hay4YHO-TeXHU4YeCKash KOHepeHLUs Ctpanuua 68



BbICOKOHpO‘-IHBIe CTalau 4Jjid aBPOKOCMH‘{CCKOﬁ TCXHUKHU U TCXHOJIOTUU UX NNPOU3BOACTBA

pacTpeckuBanuio B HyS-cpesie pyJlloHHOTO IpoKaTa, MPOU3BEICHHOTO B YCIOBHSX
JITIIK AO «BM3».

Marepuaj 1 METOAMKA UCCICA0BAHNN

HccnenoBanuss mpoBOIWIM Ha PYJIOHHOM IPOKATE, MPOU3BEAECHHOM B
npombinuieHHbIX  yenoBusix  JIIIK  AO  «BM3». Mertaim  BBILIABISIIA - B
ANEKTPOAYTOBOM  T€YM, I[OJABEpPrajid pa3M4HbIM BapUaHTaM  BHEIEYHOU
00pabOTKM, pa3NMBAIA HEMPEPHIBHBIM CIIOCOOOM B cis0 TommuHOM 90 MM,
HarpeBajd B TYHHEJIbHOM M€Y A0 3aJJaHHOW TEMIIepaTypbl M MPOKATHIBAIA Ha
HEMPEPHIBHOM IIMPOKONOJIOCHOM cTtaHe 1950 3a aBe craguu: mepBas cTagus B
JIBYX KJIETSIX YEPHOBOW TPYIIIBI U BTOpas — B IIECTH KJIETSIX YUCTOBOM TPYIIIHI.
[Tocne 3aBepuieHUsI MPOKATKHA MOJOCHI TOJIIMHON 8 MM YCKOPEHHO OXJIAXIalu B
YCTAHOBKE JIAMUHAPHOTO OXJaXJACHUS M CcMaThiBaaud B pysoH. Jlisg Bcex
UCCIENYEMBIX CTaJIell PEXUMBI TEPMOMEXAHUYECKON OOpabOTKH M YCKOPEHHOIO
oxnaxnaenus (TMO+YO) Obumm onuHakoBeIMH. HachlllieHue cTajam a30ToM
MIPOU3BOAMIIOCH MPU MPOAYBKE €ro B ra3000pa3HOM BUJE MPU 00padOTKe MeTaa
Ha YCTAHOBKE «KOBILI-TIEYb)»

XVMMHUYECKHI COCTaB UCCIEAYEeMOTo MeTayia mpejctaBieH B Tabn. 1. Bee
CTalu uMenu oauHakoBoe coaepskanue Banaaus (0,010%). Crans A conmeprkana
HamOoJbiiee konudecTBO Mapranma (1,3%), Obima mukposnerupoana 0,020%
azora. Cranib b comepxana 0,8%Mn, npu coxepxanun azota 0,022%. Coctan
cTany B oTianyascss OT XUMHUYECKOTO COCTaBa MEPBBIX JBYX CTAJE HAMMEHbBIIINM
conepkanremM Mapranua 0,5% wu azora 0,012%. Crane I' xapaktepuszoBanach
aHAJIOTUYHBIM cTaiu B cojepkaHumeM MapraHiia, HO MPU STOM 3HAYUTEIBHO
oonsmm conepskanuem azora 0,022%. [Ipu nmpousBoactee craneit B u I' merann
BAKYYMHUpPOBaiIM, B orTinuun oT crtaned A u b. Cramp ' mOmoJIHUTENBHO
nojBeprajach BHEMEYHON 00paboTKe KajdblIUeM C IeIbI0 MOAUMUIIMPOBAHUS
HEMETAJUIMYECKUX BKIIFOUEHUN JIJIsI TOCTUKEHUSI CTOMKOCTH K PacCTPECKUBAHUIO B

H,S-cpene.
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CTpyKTypHOE COCTOSIHME MeTalljla OLICHUBAIM Ha NUIM(ax, N3rOTOBJIEHHBIX
B INPOJOJHHOM HANpAaBICHUH OTHOCUTEIBHO HAIPABIEHUS MPOKATKH, IOCIE
XUMHUYECKOTO TpaBiieHUuss B 4%-OM CIHUPTOBOM pPacTBOPE a30THOM KHUCIOTHI C
IpUMEHEHHEM ONTHYeCKOro Mukpockoma AXio Observer.D1m c¢ cucremoi
aHanmm3a wu300paxeHwid Thixomet Pro. 3DJeKTpOHHO-MHUKPOCKOIUYECKOE H
MUKpPOPEHTT€HOCIIEKTPAIbHOE HCCIEAOBAHUS TMPOBEJACHBI C HCIOJIb30BAaHUEM
aBTOPMHUCCHOHHOTO  PAacTPOBOTO  AJNEKTPOHHOrO  Mukpockoma  Ultra 55,
OCHAIIEHHOTO crieKTpoMeTpoM 3Hepretnueckoit nucnepceun INCA Energy 450X c
JETEKTOPOM XapaKTEPUCTHUECKOTO PEHTICHOBCKOIO HU3IyuyeHus X-Max (meron
COM). HUccnenoBanre TOHKOM CTPYKTYpbl METAJlJIa BBINOIHSUIM C MPUMEHEHHUEM
MIPOCBEUYUBAIOILIETO JJIEKTPOHHOTO MuKpockorna JEM200CX c¢ yckopsromum
HanpspkenueM 120 kB (meton [I9M)".

TepMoguHaMuyeckue  pacyeTbl  BBIIEICHUS  M30BITOYHBIX (a3 B
UCCIIEYEMbIX CTaJsIX MPOBOJWIM C NMPUMEHEHHEM MNPOTPaMMHOrO OOecreyeHus
«Thermo-Calc»®.

N3yuenne kuHETMKH pacnaga JAehOpPMHPOBAHHOTO AayCTEHHTA TIPH
HEIIPEPBIBHOM OXJIAKJAEHUU JUISL HCCIENYEMBIX CTajed IPOBEACHO METOIOM
noctpoeHusi TepMmokuHeTnueckux auarpamm (TK]I) mpu momomm aunatomerpa
DIL 805A/D na muimuHAPHYSCKUX 00Opa3lax JUaMeTpoM 5 MM M AauHOH 10 MM,
KOTOpBIE MOCIIE HarpeBa TOKAMHU BBICOKOHM YaCTOTHI B BaKyyMe ¢O CKOpocThio 5°C/c
no temreparypsl 1100°C u BbIOEpKKM B TEYEHHE S5 MHUHYT MOJABEPTalv
nedopMaluu CKaTHEM 3a ISTh CTaluil ¢ OTHOCHUTEIbHOM medopmanuer (&£ )
0,3+0,1 u ckopocTsio medopmarmn (V) 5+15 ¢ npu pasmmansix Temmeparypax (7))
B auanazone 1060+-940°C. Mexny cragusmu aedopManiuu 00pas3iibl OXJIaKIalIu

co ckopocthio 6,5°C/c u 5°C/c — mocne 3aBepiieHus nocieaHed neopmaiuu B

! Ucenenosanne Toukoit CTPYKTYpHhI mpoBeneHsl MatpocoBbiM M.IO., Knukunoit A.A., JIpskonoBeiM J1.J1.
B OI'VII « {HUHNuepmer um. N.I1. bapauna»
TepmomuHaMudeckne pacdeTsl BbIMONHEHB! XubiboBeiM  O.C. B oTmene MaTeMaTHYECKOTO
moaenupoBanusi AO «BM3»
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unTepBaie temmneparyp 940+920°C. Jlanee oOpasibl OXJaXIadu C Pa3IMYHBIMU

ckopocTsiMu B nuanazone 0,5+80°C/c.

Tabmuma 1
XHUMHUYECKUN COCTAB UCCIIENYEMBIX CTaIeh
Cranp MaccoBas 10JIs1 XUMHYECKOro dJjIeMeHTa, %
C Si Mn P S \ N [Tpoune
A 1,3 0,10 | 0,020
b 0,04-0,07 <0,3 0,8 <0,008 | <0,00 | 0,10 | 0,022 | Fe,Cr,
B 05 5 1010 | 0012 | Ni,Cu
r 0,5 0,10 | 0,022

MexaHnuecKkrue CBOMCTBA OINBITHOIO PYJIOHHOIO IMpOKaTa OIEHUBAIM MpHU
CTaTUYECKUX wucnbITaHuaAXx Ha pacTspkenne no ['OCT 1497 wHa mnockux
MOJIHOTOJIIIUHHBIX 00pa3lax ¢ OMpeaesieHueM BPEMEHHOTO COMpPOTUBIEHUs (0,
H/mmd), npejena TeKy4decT (o, H/MM®) B OTHOCHTEJIBHOTO yuauHeHust (ds, %),
py AUHAMUYECKUX MCIbITaHusIX Ha yaapHblid u3rud nmo 'OCT 9454 o6pasios c
OCTpPBIM KOHIIEHTpaTOpoM HanpspkeHul [llapnu B nHTepBane remneparyp ot 0 go -
80°C ¢ ompenencanem yaapuaoi BsizkocTH (KCV, JK/M®), a TaKkKe HCIBITAHHC
nagarommm rpy3om (UIIIN) mo 'OCT 30456 Ha mOJHOTONIIMHHBIX OOpasmax B
uHrepBanie temneparyp or 0 mo -80 °C ¢ omnpeneneHueM 01U BSI3KOU
COCTaBJISIONICH B M3110Me (B, %).

HcnbiTanus Ha CTOMKOCTh K BOJIOPOJHOMY PACTPECKUBAHUIO MPOBOAWIM IO
crangapry NACE TM 0284 ¢ onpenencauem ko3ddurmenton amunsl (CLR, %),
TOJIIKMHBI BogopoaHoit Tpewubl (CTR, %).

Pe3yabTaThl HCcae10BAHMI M UX 00CYKICHUE

B T1abn. 2 mnpexacraBieHbl CpeIHHE 3HAYCHUS MEXAHUYECKUX CBOMCTB,
MOJIYYCHHBIX TIPU CTAaTHYECKUX WCIBITAHUAX Ha pacTsHKeHue oOpasioB OT
uccnenyembix crayeit. Ctans A, comepxaiias B ceoeM coctase 1,3% Mn, 0,10% V
nu 0,020% N, obGmamama HauOOJIBITUMU 3HAYCHUSIMH TIPOYHOCTHBIX CBOMCTB.
BpeMenHoe conmpoTuBiieHUE pa3pbiBy cocTaBisuio 610 H/mM?, npeaes TeKy4ecTr

— 540 H/MM’, OTHOCHTEIIBHOE yaHenue — 27 %. OTHOLLIEHHE Npeeia TEKy4eCTH
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K BPEMEHHOMY CONPOTHUBIIECHHUIO XapakTepu3oBajoch 3HadeHueM 0,89. JlaHHbII
KOMILUIEKC MEXaHUYECKUX CBOMCTB COOTBETCTBOBAN Kiaccy npounoctu K60. Cranb
b, umeromias B cBoeM coctaBe Ooliee HU3KOE conepxanue mapranua (0,8%), mpu
BbICOKOM KosnuecTBe azota (0,022%), xapakTepu3oBajiach MEHbIIIEH MPOYHOCTHIO,
geM cTanh A. BpeMeHHOE CONpOTHBICHHE pasphiBy cocTaBmsuo 580 H/mm?,
npenern tekydectd — 510 H/mmv?, oTHOCHTENbHOE yamuHeHHe — 26 %. OTHOIICHHe
npejena TeKy4ecTd K BpeMEeHHOMY comnpoTuBiieHnto — 0,88. JlaHHBIH KOMILIEKC
CBOMCTB COOTBETCTBOBaN kiaccy npoyHoctu K56. Crane B, comepxamas 0,5%
Mn, u nammensbiiee kojmuectBo 0,012% N, mmena cample HU3KHE 3HAYCHUS
MPOYHOCTHBIX CBOMCTB IO CPaBHEHHUIO C OCTaJbHBIMU CTajlsiMi. BpemeHHoe
COIIPOTHUBJICHUE pa3pbIBY cocTaBiisuio 470 H/mM?, npeaen Tekydectu — 395 H/mM?,
OTHOCcHTENbHOE yiuHeHne — 28,5 %. OTHomeHWe Tmpenenaa TEKy4ecTH K
BPEMEHHOMY COIPOTUBJICHUIO TaKXKe XapaKTEPU30BaJIOCh CaMbIM HH3KUM
3HaueHueM 0,84. IlpencraBieHHBIN KOMIIEKC CBOMCTB COOTBETCTBOBAN KIIACCY
npouyHocTH K48 Ha HIKHEM Mpenesne 1Mo BpeMEHHOMY conpoTuBieHuto. Cranp I
MOI00HOTO XMMHYECKOTO COCTaBa CO CTaJbl0 B, 3a MCKIIIOUEHHEM CoJIepKaHUs
azora 0,022% N, mmena Oojiee BBICOKHE TOKa3aTeIW IMPOYHOCTH. BpemeHHoe
CONPOTHBIICHHE PA3PBIBY COCTABISUIO 535 H/MM?, mpenen Texkydectu — 466 H/mm?,
OTHOCHUTENbHOE ymiinHeHue 27,5 %. JlaHHbIi KOMIUIEKC CBOMCTB COOTBETCTBOBAI
kiaccy npounHoctu K52.

YBemnuenne conepxanusg azora ¢ 0,012 % no 0,022 % B cramax Bu I' ¢
OJIMHAKOBBIM  COJIEP)KAHMEM JAPYTHMX XUMHUYECKHX OJEMEHTOB  BBI3BIBAJIIO
CYLIECTBEHHOE  YBEIMYEHUE  MPOYHOCTH, oOycioBineHHoe 3 dexTom
JUCTIEPCUOHHOTO TBEPJCHHS 3a CUET BbIFCICHUs B ()EPPUTHON MATPUIIC YACTHII,
coaepkamux BaHagui. HaOmrogaeMplii OpUPOCT MPOYHOCTH COCTABUI IO
BPEMEHHOMY CONPOTUBICHHIO paspeiBy 65 H/MM® u 75 H/MM® — 1o mpemery
TekydecTd. [Ipu 3TOM cpenHee 3HaUY€HHE OTHOCUTEIBHOTO YUIMHEHUS B cTayiu [

10 CpaBHEHHIO CO cTanbio B cHu3minocs Bcero Ha 1 %.
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Takum O6p8,30M, aHaJIn3 IMOJIYUYCHHBIX  PC3YyJIbTATOB CTaTUYCCKHUX
HUCIIBITAHUN Ha pPaCTKCHUEC HMCCICAOBAHHBIX crajiei IIOKa3aJjl, 4TO IIOBBIIIICHHUC
IMPpOYHOCTH IIpU AUCIICPCHOHHOM TBCPACHHUHU OOCTHUIACTCA 0e3 3aMeTHOro

CHIDKEHHMS TUTACTUYHOCTH (TabJI. 2).

Tabnuua 2
MexaHuyeckue CBOMCTBA PYJIOHHOTO IIpoKaTa
Craab Bpemennoe IIpenen Tekyuecru, OTHOCHTEILHOE
CONPOTHBJICHHE, MlIla yuInHeHue, %
Mlla
A 610 540 27
b 580 510 26
B 470 395 29
r 535 470 28

MUKpOCTPpYKTYypa HCCIEAYEMBIX CTaJell ¢ pa3IudyHbIM COAEpKaHUuEM
Mapraniia u asota cdopmupoBaBmasica nocie TMO+YO B ycmoBusax JIIIK
npeacTaBisia co0oil  (eppUTHYIO MaTpHIy MOJUTOHAIBHOW Mopdosoruu c
pa3IMYHBIM pa3MepoM 3epHa U HeOodbImUM (2-4%) KOJWYECTBOM IEpiuTa
(puc. 1). Haubonee menkuM 3epHOM, COOTBETCTBYIOIMM 12-13 HOMepy mo ['OCT
5639 u cpenHuM pazmMepoM 6 MKM, XapaKTE€pU30BAJIACh CTallb A, coaepkamias
MakCcHMajibHOE€ KoiuyecTBO Mmapranua 1,3% (puc. la). C mnoHMWXEHHEM
conepkanusi mapranmna o 0,8% B Merayuie yBenuuuics pasmep 3epHa o 11-12
HOMepa U cpenHero pasMepa a0 9 mxm (puc. 16). Crams B (0,5%Mn, 0,012%N)
oOmnajana caMbIM KPYMHBIM 3epHOM (depputa, cooTBeTcTBytomuM 10-11 HOMepy u
cpeaemy pasmepy 13 mxm (puc. 1B). Cranp I', uMmeromias B CBOEM COCTaBe
aHAJIOTMYHOE COJIEpP)KaHMe MapraHiia Kak craib B, HO mpu 3TOM 0Oosiee BBICOKOE
conepxkanne azora (0,022%), xapakrepuzoBasiach 11-12 HOMEpOM U cpeaHUM
pasmepom 3epHa B 10 Mkm (puc. 1r).

HaubGonee 3nauntenbHbli 3(PQeKT CBsA3aH C COACp)KAHMEM MapraHiia B
CTaJId, BIUSIONIEM Ha TeMIIepaTypy MpeBpaIleHus: U u3MellbueHue 3epHa pepputa
[7] (puc. 2). 3a cuer OTCYTCTBHSI B COCTaBE MCCIEAYyEeMbIX CTajied HHOOus,

PEKPUCTAIIIN3AIMUOHHBIC ITPOLCCChI AOJIZKHBI ITPOUCXOJIUTDH IPAKTUYCCKHU BO BCEM
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TEMIIEpaTypHOM HMHTEpBaJie MHTEHCUBHOU AedopMalii B ayCTEHUTHOW OOIACTH.
[Ipy OTHOCUTENBPHO HU3KOM COJICP’)KAHMM MapraHiia y—0 IMPEBPALIEHUE MOMKET
HayMHaeTCs Mpu Jedopmalui B MOCIEAHUX Tpoxojax yuctoBou craauu TMO
(puc. 3). IloBblllieHUE cojepaHUs MapraHila CHUXKAET TeMIepaTypy Hauasa
dbepputHOTO TpeBparieHusi Az, MOBBIMIAS KOJUYECTBO aKTOB aedopmariuud u
MOCJIEYIONIEH PEeKPUCTATU3AIMH, TPOUCXOIAIIMX B ayCTEHUTHOM 00JacTH, U

TEM CaMbIM U3Mellbuas (heppuTHOE 3EPHO.
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Puc. 1 — MukpocTpykTypa Ha Y4 OT TOJNIIKUHBI IPOKaTa UCCIEAyEeMbIX CTallei:

a-A;0-b;B—-B;r-TI
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Puc. 2 — 3aBucuMOCTb MPOYHOCTHBIX CBOMCTB U CpPEeIHEr0 pa3mepa 3epHa peppura B

HCCIICAYCMBIX CTAJIAIX OT COACPIKAHUA MapraHia
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Puc. 3 — TK]I pacnaga aycTeHnTa mpu HEMPEPHIBHOM OXJIAXKICHHUH 1e(OPMUPOBAHHOTO

ayCTEHHTA HCCIeayeMbIX cTae: a— A; 6 —b;B—B;r—T
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[TonTBepkneHueM  BKJaja  JIONOJIHUTEIBLHOTO  BBIJICJICHUS  YacCTHIL
KapOOHWTPUIOB BaHAIWs B KOHEYHBIH pa3Mep 3€pHA CIYXHUT CpaBHEHUE
MUKPOCTPYKTYphl cTtamu B co crampto I’ (puc. 1B, 1). Ilpu oauHakoBoM
CoACpKaHUM YTJIEpOJla W MapraHiia, a Takke eauHoul TexHoioruu TMO+YO,
Oonee MeNnKoe 3epHO HAOIIOJANIOCh B CTAd C OOJBIIUM COJEpPKaHHUEM a30Ta.
Bosmoxkno, Bbeiaenenus uactui] BaHagus V(C,N) B aycreHutre B HMHTEpBae
TeMIiepatyp JaeGopManud MOTYT CO3/1aBaTh MPEMATCTBHS JUIsI POCTa 3€pHA
aycTeHUTa U 3(PGEKTUBHBIC MOJJIOKKH IS 3apOXKICHUS (EepPUTHBIX 3epeH IpH

Y—0 TpeBpaiieHun, GopMupysi 00jiee MEIKO3EPHUCTYI0 MUKPOCTPYKTYpPY CTaiu

[6, 7].

a)
400 - A
N _
C
C
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o 4
Py r T T T T T T T O
-140 -120 -100 -80 -60 -40 -20 O 20 40 -120 -100 -80 -60 -40 -20 O 20 40
Temnepatypa ucnbitaumit, °C Temnepatypa ucnbiTaHmia, °C
—e— CTanb A - -3 - Cranb b == CTanb A = & = Cranb b
- A-=CranbB e e CTanw T = A= CranbB ceee©eee Crann

Puc. 4 — 3aBucumMocTs ynapHoit Bsa3kocTu oopasnos [llapmwm (a) 1 10711 BA3KOH COCTABIISIONICH
oOpasuos UIII" (0) ot TemnepaTypsl UCIIBITAHUN

Pe3ynbpTaThl TMHAMHYECKUX UCTIBITAHUHN Ha yIapHbI n3rubd oopasios [Hlapnu
C OCTPbIM KOHIIEHTPATOPOM HAMNpsHKEHUW paccMaTpUBaEMbIX CTajeil IMoKa3ai,
YTO 70 TeMIIepaTypsl uchbiTaHus -60°C BKIIOYMUTEIHHO BO BCEX YETHIPEX CIydasix
2
yaapsas Bs3kocTh Beimie 130 J[xx/cm” (puc. 4a). Bece cranu obnagaiu 10CTaTOYHO
[V} V) o
BBICOKOM XJIaJJOCTOMKOCTBIO (puc. 40), 1o temnepatypsl -20°C Bo Bcex citydasix Ha

MOBEPXHOCTH pa3pylICHUs] MOTHOTONIIMHHBIX 00pa3uoB nocie NI nabmonancs
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MOJIHOCTBIO BSI3KMM m3noM. Ha puc. 5 mpencraBiieH BUJ U3JI0MOB 00pa3lioB Mocie

JTUHAMAYECKUX HWCIBITAHUN Ha yHAapHBIA M3THO (pUC. 5a) W MaAaronuM TPy30M

(puc. 50).

Puc. 5 — Bua uznomos o6pasnos [apmu (a) u UIII" (0) ctanu A npu pa3inuyHbIX TeMIepaTrypax
JMHAMUYECKHUX UCIIBITAaHUH

TepMoauHaMUyYecKue pacyeThbl BbIACICHUS M30BITOYHBIX KapOOHUTPUIHBIX

(1)83 A1 pa3iIMdHOTO COACPIKAaHKA a30Ta W BaHAAWsd B HCCICAYCMBIX CTalldaX,
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NPOBEJICHHBIC C TMPUMEHEHHEM MporpaMMmHoro obecneuenus «Thermo-Calcy
MOKA3aJId, YTO MPU PABHOBECHBIX YCJIOBHUSX YaCTHUIIBI KapOOHUTPUIOB BaHAIMSI
HAYMHAIOT BBIIENATHCS B aycTeHuTe npu Temneparypax 1150-1000°C (puc. 6). B
cBsi3u ¢ pasnuurieMm B pactBopumoctd yactuil V(C,N) B aycrenure u deppure
JIOJIS BBIJCJICHWM B ayCTEHWTE OTHOCHUTEIBHO HH3Kas, W IO MEpe CHUKEHUS
TEeMIIepaTyphl B Y-00JIACTH J0JS TAKUX YACTHI] MOBBIIIACTCS HE3HAYUTENbHO. [Ipu
JTOCTIDKCHUH TEMIIEPaTyphl Hadasia Y— 0. MPEBPaIIECHUS MPOUCXOIUT HHTCHCUBHOE
BBIJICJICHUE YacTUI] KapOOHUTPHUIOB BaHaaus [8], mpojoikaromeecs A0
OKOHYaHUs (PeppuTHOrO mpeBpaleHus. TemmneparypHblii HWHTEpBajd Haubosee
WHTEHCHUBHOTO BBIJICIICHHSI YACTHI[ 3aBHUCUT OT XMMHYECKOTO COCTaBa CTalld, B
NEepBYIO ouepeab OT coaepxkanus Mn.

Kak moka3piBaloT TEpMOJAWHAMUYECKHE pacueThl, TeMmIepaTypa Hadamia
BbIICJICHHS KApOOHUTPUAHBIX (pa3 3aBUCUT OT COAEPKaHUA a30Ta, YEM OOJIBIIIE €ro
B MeTajuie, TeM Mpu OoJiee BBICOKHUX TEMIIepaTypax JIOJDKHO HAYMHATBHCS HX
oOpa3oBaHue. A30T B OOJIbIICH CTENEHH ONPEAEIISIET IBHKYIILYIO CHITY BBIICICHHUM
V(C,N) u TeM caMbIM CTCTECHb BBIJICICHHUS YIPOUHSONMX (a3. BBumy 00JbIIOro0
CPOJICTBA BaHA/IUA K a30Ty HUTPUJIbI BAaHAIUS BBIJEISIOTCS KHHETUYECKU OBICTpEE,
yeMm KapOuapl BaHaaus. TepMOAMHAMUYECKUI pacyeT MOJBHOU JOJM yriepojaa u
a30Ta MoKasall, 4To MpH BBICOKKX TeMmepaTypax B yactuiax V(C, N) npeobnanaer
HUTPUIHASI COCTABIIAIONIAS, C TIOHIKCHUEM TEeMITepaTypbl HA00OPOT — KapOuTHas
coctaBisromias (puc. 7). Takum oOpa3oM, B ayCTEHHUTHOM OO0JaCTH BBIJCIAIOTCS
HUTPUABI BaHAAWS, a TPH MOJIMMOPGHOM TPEBpAIIEHUN — MPEUMYIIECTBEHHO

KapOuJIbl BaHAUSL.
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———0,008%N; 0,10%V 0,018%N; 0,14%V
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= 0,020%N; 0,10%V

Puc. 6 — 3aBucumocts MosbHBIX joiieit V(C, N), Beiaensronmxcs Gpa3 B HCCIEAYEMBIX CTANIAX B
3aBUCUMOCTH OT TeMIIepaTyphl; a — ctajib ¢ 1,3%Mn; 6 — crans ¢ 0,8%Mn;
B — ctaib ¢ 0,5%Mn
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Puc. 7 — 3aBucumocts MonbHbIX foneit VN, VC B nccnenyembix cTansx B 3aBUCUMOCTH OT
Temneparypsl: a — cranb ¢ 1,3%Mn, 0,020%N; 6 — crans ¢ 0,8%Mn, 0,022%N; B — cTanb ¢
0,5%Mn, 0,012%N

HccnenoBanre TOHKOW CTPYKTYypbl MeTayla I[OKa3al0 HajJu4Hhe Tpex
OCHOBHBIX THUIOB (IIO THUILy 3apOKIEHHUS W POCTa) HAHOYACTUL KapOOHUTPHUIIOB
MUKPOJETUPYIOMINX 3JIEMEHTOB (TabJl. 3): 4acTHIIbl, BBIACIHUBIINECS B ayCTEHUTE
(puc. 8a) u vactuibl, oOpazoBaBiuecs B heppute, aensiuecs Ha MeKda3Hbie U
BbIIeNUBINIMECS Ha (PpoHTE mpeBpaieHus (puc. 86), u cmenianHoro tuma (puc. 8B),

MMEIOITHE YePThI Kak MeX(ha3HOTO BbIJEICHUS, TaK U OOIIEro.

Tabnuua 3
Pe3ynbrarhl UCCIIE10BaHNS TOHKOU CTPYKTYPBI
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Crans OcHoOBHas UYactuns! BeIAL. B (heppuTe: Yactunsl, Beia. | IITOTHOCTB
CTPYKTYpa, Mexda3HbIe / CMEITaHHBIC B AyCTEHUTE JICIL. B
(matpuna/ UB (u-Ta Tum Pasmep (heppure,

BTOD. (ha3bl) BBISIBIL.) cp./Makc. OasuIB
OII (TwuroTH.
Y-11)
o/ UB - BhIC. Mo 2-6 um / OIl - 1-3
OII — BrIC. Cwm. (B ocH.) (8 M) HEBBICOKAs
Cm-® (penko) 2-12 am
(20 aMm)
o/ UB — BsIC. Mo (pexe) 3-8 um / OII — cpenan. 1
OII — BHIC. (Cwm) (15 um) 2-14 um
Cm-®(gamre.)
[D/TI UB —cpen. | MO (penxo) Ot 2-6 HM OII — cpenH. 1-2
OII — cpen. CwMm (penaxo) 10 3-10 um / 3-14 um (20
CM-® (B ocH.) (15 am) HM)
TD/IT (11) YB — BrIC. Cm-O Ot 2-6 um 1o | OIl — cpenH., 2-3
OII — BbIC. 4-12 um / 3-10 (20 um)
(20 um)
QOobosnavenusa 6 madauye: D — nommdapuueckuit deppur; bP —

oeitnuTHbIA (Gepput; II — nepaut; BII — BeipoxkaeHHblid nepiut; YB — vacrora
BeiBiaeHus dvactul, OIl — o0bémHas minoTHOCTh Yactul, M — 4YacCTHIIBI
Mexkdaznoro tumna; CM — 4acTUIIBI CMEIIAHHOTO TUIA, B KOTOPBIX J0JU 00BEMA,
BBIPOCIIUE 10 MEX(Pa3zHOMYy MEXaHU3MY, COIMOCTAaBUMBI C JOJSIMU OOBEMA,
nobaBuBIIMMUCS B (heppuTHON oOnacth; CM-@® — 4acTHIBI CMENIAHHOTO THUIIA, B
KOTOPBIX J0JIu 00BbEMa, AoOaBuBIIMECS B (eppUTHON 00JacTH, CYIIECTBEHHO
npeobianaroT. banibl, XxapakTepu3yrouye MmIOTHOCTh Auciaokauuii: 1 (Hu3kas) —

2 (HeBbIcOKasi) — 3 (YMepeHHas).
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Puc. 8 — Yactuisl B ctanu ' (TeMHOE 10J1€); @ — YaCTHUIIbI, 00pa30BaBIINECS B ayCTEHUTE;
0 — yacTHIBI MeK(]A3HOTO TUTIA; B — YACTUIIHI CMEIIAHHOTO THUIA

B wuccnemyemMbIx cTansix B ayCTEHHUTE MPEANOJIOKUTEIBHO BBIICIUINCH
gqactubl VN wmm V(C,N), 4To TpyAHO TOYHO YCTAaHOBHTH C ITOMOIIBIO
MPOCBEUYUBAIOLIETO JIEKTPOHHOr0 MUKpockona no MK/, Tak kak 4acTUIbl OYEHb
Menkue (1o 20 HM) U MEXIUIOCKOCTHBIE PACCTOSHUSI PEUIECTOK JAHHBIX YacCTHIL
oYTH OMHAKOBBI. Pacuersl B « Thermocalcy, omnrcanHbie BbIilie TTOKa3bIBAOT, YTO
B AQyCTCHUTHOW OO0JaCTH TEPMOJAMHAMHYECKU TMPEANOUYTUTEIbHEE BBIICTICHUE
MMEHHO HUTPUJIHOM COCTABIISIONIEH, a B PeppuTHOMN — KapOUTHOM.

OOHapyXeHHBIC YAaCTHIBl YacTO PACIOIATalOTCs CKOIUICHUSMHU PSIOM C
rpaHuiiaMu  (DEppuUTHBIX 3€peH, M BIIOJIHE MOTYT Y4YacTBOBaTh B IIpoIlecce
TopMokeHus: Tpanul] (puc. 8, 9) [9, 10]. YacTumsl BaHaaus, oOpa3oBaBIIMECs B
dbepputHoii 007acTH, 0OHAPYKEHBI BO BCEX MUCCIEIOBAHHBIX CTAAX. B mMeTamie ¢

Ooee BBICOKHNM COACPKaHUEM a30Ta  IINIOTHOCTb BBIACIICHUA qaCTHlIl,
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oOpa3zoBaBIIMXCA B (eppuTe M BIUAIOIIMX Ha JUCHEPCHOHHOE YINPOYHEHHE
3HAQUUTEJILHO  BBIIIE, YTO TMOATBEPXKIACTCS  MOJYYCHHBIMU  3HAYCHUSIMU
MPOYHOCTHBIX CBOMCTB MPU CTATUYECKUX HCIBITAaHUSAX Ha pa3pbiB (Tadn. 3).

MakcumanbHoe 001Iee KOJU4YecTBO 4YacTull ((GeppUTHBIX M aYCTEHUTHBIX)

BBIZICIUIIOCH B CTAJISIX C MOBBIMICHHBIM cojiepskanreM a3ora — 0,022%N (ctamm b,

B).

a) 0)

Puc. 9 — Yactuue! BaHagus B ctanu b; a — cBeTiioe mose;
0 — TeMHOe moJie B pediekce HAaHOYACTHI]

JIOTIOJIHUTENBHBIM TPEOOBAaHUEM, BBIABUTAEMBIM PSAOM MOTpeOUTENed K
TpyOHOH  MPOAYKLUMH, SIBISETCA  TOBBIIIEHHAss CTOWKOCTh  MeTaula K
pPacTpPECKMBAHHMIO B CpEAE CEpOBOAOPOA, KOTOpPAsl OLIEHUBAETCS MO CTAHIAPTY
NACE TM 0284. Haubonee cuipHOE HEOIAroNMpUsITHOE BIUSHUE HA CKIOHHOCTD
CTAJIbHON METAJUIONPOAYKIIMH K PACTPECKMBAHUIO TOJ BO3ACWCTBHEM BOJOPOJA
OKa3bIBACT HAJIMYHME CKOTJICHU HEMETANTNISCKUX BKITFOYCHUN B BUJIC BHITSIHYTHIX
BJIOJIb HATpPaBIICHUS MPOKATKU CyIb(UIOB MapraHila U OCTPOYTOIBHBIX MPOUYHBIX
KapOOHUTPUJOB HUOOMWS, TUTaHa B OceBoM 30He mpokara [11-13]. B cramix
cuctembl MukpojerupoBanuss V-N orcyrctBue q00aBOK HHOOUS W THUTaHa
UCKJIIOYaeT BO3MOXKHOCTh TMOSIBJIEHME KapOUJOB UM KapOOHUTPUIOB ITHUX
XUMHUYECKUX DJJIEMEHTOB B OCEBOM CErperalMoHHON 30HE IMpoKaTa, dYTO
MOJIOKUTEIbHBIM  00pa3oM JIOJDKHO TIOBJIMATH Ha COMNPOTHBIICHHWE METajula
pPACTPECKMBAHHUIO TIOJI BO3JEHCTBHEM BOJOPOJAa B CEPOBOJOPOJACOAEPIKAIIMX

cpenax.
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Ucnbrtanust B coorBerctBuu co ctangaprom NACE TM 0284 moka3zamm
(Tabn. 4), uro cramp b, KoTOopas mnpou3BoAMIACH 0€3 BaKyyMHUPOBAHUSA H
MOAUGPUIIMPOBAHUS KalbI[ueM, 00aiana HU3KOM CTOMKOCThIO K pacTPECKUBAHUIO
MaxkcumanbHble

3Ha4YeHUs1 K03 (DUIIMEHTOB

B Cpele  CEpOoBOJIOPOJA.
pacTpecKMBaHMUS MeTajyla COCTAaBISIIW: ISl JUIMHBI TpenmmHbl — 24 %; s
TONIIUHBI TpenwHbl — 12 %, npu TpeOOBaHUAX HOPMATHUBHO-TEXHUYECKOM
nokyMeHtaruu CLR <6 %, CTR < 3 %. Cranp B, xoTopas mpousBoamiach ¢
BaKyyMHUpPOBaHHEM, HO 0€3 MOJIU(PHUIMPOBAHUS KalbIlMEeM, TaKKEe OKa3ajach HE
CTOMKOM K MOSIBJICHUIO TPELIUH MIPU MPOBEICHUH 3TOTO BHUJ1a UCTIBITAHUN METaJLa.
Koadoumumentst CLR u CTR umenu Oonee HU3KHE 3HAYCHHS, HO TaKXKe HE
COOTBETCTBOBAJIM HEOOXOAUMBIM TpeOoBaHusiM. OOpasiel OT cTtanu [ moJHOCThIO
BBIJICpKAJIM MCIBITAHUS Ha CEPOBOJIOPOJIHOE pacTpeckuBanue. Habmromanuck
JUIITh MEJIKHE SAUHUYHBIC TPEUTUHBI, HE BBIXOJSIINE 32 YCTAHOBICHHBIC TPAHUITBI

JIOITyCKa.

Tabauua 4
Pesynbrar ucnerranuii mo NACE TM 0284 Ha cTONKOCTH K paCTPECKHBAHHIO PYJIOHHOTO
npokara uccieayemsix craiieii b, B, I'

Craas b Craus B Craun I'
IlepBu4-HbIE TonTop- Mepair- TonTop- Ilepeuunbie | IloBTOpPHBIE
Homep HbIE HC- HbIE UCIIbI- HbIE UC-
HC-TILITAHUSA HCNBITAHUS | MCHBITAHUSA
pyJioHa NbITAHUA TaHus NbITAHUSA
CLR, |CTR, |ICLR, |CTR, |CLR, |CTR, |CLR, |CTR, |CLR, |CTR, |CLR, |CTR,
% % % % % % % % % % % %
1 3 1 1 0 0 0 0 0 1 0 0 0
2 24 12 9 2 1 0 16 6 0 0 0 0
3 8 2 5 1 9 3 0 0 0 0 2 0
4 15 6 7 1 1 0 3 1 0 0 0 0
5 0 0 12 5 0 0 1 0 0 0 4 0

Meramnorpadguieckoe M DIEKTPOHHO-MHKPOCKOIMUECKOE HCCIICI0BaHUS
MOKa3aJk, YTO BO BCEX CIy4yasX NPUYMHOW MOSBJICHUS TPEUIUH BOJIOPOIHOTO
MIPOUCXOXKICHUSI SIBJISIOTCS BBITSIHYTHIC BOJIb HANPaBJICHUS MPOKATKU CYIb(OUIbI
Maprasiia, COCpeI0TOYEHHBIE B CEMPETAlIMOHHON OCEBOW 30HE PYJIOHHOTO IIPOKATa
10, 4TO

11). TlonmyueHHble pe3yabTaThl HArJISgHO JEMOHCTPUPYIOT,

(puc.
CTPYKTYpa MCTAJIJIa HC ABJIICTCA TJIABHBIM, OIIPCACIIATOIINM (bﬂKTOpOM MMOJIYUCHUA

BBICOKOM CTOMKOCTH MeETajula CEPOBOJOPOAHOMY pacTpecKuBaHuio. Bo Bcex
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CTaJsiX, B pe3yjbTaTe HU3KOTO COJAEP)KaHUs yriepoja U MapraHiia, o TOJIIHHE
npokata (puc. 1) m B oceBoi 30He (puc. 12) nHabmoganack OIHOPOIHAS
HEHAINpsDKEHHas: B OCHOBHOM (peppuTHAsi CTPYKTypa C 3€PHOM IOJMTOHAIBLHON
Mopdomnorun. OnHaKo, TONBKO cTanb |, Mpollenmas BaKyyMHpPOBaHHE U
MOAUPUITUPYIONIYI0O 00pabOTKYy KajbIlueM o00J1azaga BBICOKOH CTOMKOCTBIO K

3apOXKIACHUIO W PpaCIpOCTPAaHCHUIO TPCIIHMH IIOJ BJIIMAHHECM BOJOPOAA BO BPEMA

ucnsiTanuii no Meroarke NACE TM 0284.

300 600 900 1200 1500 1800 2100 2400 3300 3600 3800

Puc. 10 — O6mureli BU TPEIIMHBI BOJIOPOJTHOTO IPOUCXOXKICHUS HA 2 OT TOJIIIHHBI
npokata B ctanu b nocne ucneiranuii no crangapry NACE TM 0284

Vel Mg e, - N

bl =SS AN o\ L5 s R s
Puc. 11 — Cxomnenus cynbpua0B Mapraia Ha MOBEPXHOCTH Pa3pyIICHUs B 00pasiax,
pacIerIeHHBIX 110 OCEBOM CerperallioOHHON HEOAHOPOTHOCTH B0 TPEIIMH, BOJAOPOIHOTO
npoucxoxaenus B crasix b (a) u B (0)
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a-b;6-B;r-B

OneIT MO OCBOEHHIO TMpOW3BOACTBa mpokata B ycinoBuax JIIK c
TpeOOBAHUSIMU MO CTOMKOCTH K CEPOBOAOPOJIHOMY PACTPECKUBAHUIO TTOKA3bIBAET,
YTO HEOOXOUMBI 0COOBIE MOXOIbI MPY BHETIEUHON 00pa0OTKE U Pa3IMBKH CTAJIH.
B uwactHocTH, TpeOyeTcsi  mpoBeIEHUE  CIEAYIOIMIMX  TEXHOJOTHYECKHX
MEpOTNPUATHNA: 00513aT€TbHOE BAaKYyMHUPOBAHHE C LEIbI0 CHUKEHUS COJEpKaHUS
BOJZIOpO/Ia; TIyOoKasi necynbdypanuss U MOAUPUIIMPOBAHUE CTAIH KaJIbIIUEM, a
TAaKXKE JOCTHXKEHUS ONTUMAIbHOW MAKpPOCTPYKTYpPhl 3a CYET MPaBUILHOIO
1noa00pa TEMIEPATYPHO-CKOPOCTHBIX PEKUMOB PA3JIMBKU U MSATKOTO 00KaTHs MpU
npou3BoACcTBe TOHKUX cisiooB B ycioBusix JIIIK [14]. OtnmensHO cienyer
N00aBUTh, YTO OCHOBHOW IIeJibl0 MOAMGUUHMpPYIOIIEH 00pabOTKH KalbLMEeM MpU
IIPOM3BOJICTBE CTaJIeH ¢ TpeOOBAaHHUEM IO pacTpecKuBaHUIO B H,S-cpene sBisercs
HE TOJIKO NEPEBOJ B JIETKOYIAISIEMOE COCTOSHHE OKCHAOB QJIIOMUHUSA, HO U
3h(}eKTUBHOE CBSI3bIBAHUE CEPbl B TIIOOYJSIPHBIE OKCHUCYJIb(UIbI KalbLus IS

NpCca0TBpaAlICHUA O6paSOBaHI/I$I YAJIMHCHHBIX BJIO0JIb HAIIPABJICHHA IIPOKATKHU
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Cy.TIIJ(l)I/II[OB MaprahHna, SABJIIOITUX CS oyaraMm JJIsA 3apPOKIACHUA 141

pacrpoCTpaHEHUs TPEUIUH BOJOPOTHOTO MPOUCXOXKICHHUS.

3akioueHue

[IpoBeneHHBIE HCCIECIOBAHUSI MHUKPOCTPYKTYPBI, TOHKOH CTPYKTYpBHI,
MEXaHMYECKUX CBOMCTB COBMECTHO C TEPMOJMHAMUYECKUMHU pacyeTaMu
MMOKA3aJIM, 4YTO COBMECTHOE MHKPOJETUPOBAHUE HHU3KOYTJIECPOAUCTOU CTAIH C
conepkanrem mapranna ot 0,5% mo 1,3% Banaguem (0,10%) u azorom (0,020-
0,022%) mo3BoJifeT 3a c4yeT 00Jiee HMHTEHCUBHOTO, YeM B TPAJUIMOHHBIX CTaJIsX,
JVCIIEPCHOHHOTO YIIPOYHEHUS NOJIy4YaTh ITPOKAT KIIACCOB Mpo4yHOCTH OT K48 no
K60, obGmanaromuii BHICOKOM IUIACTUYHOCTBIO M XJIaJ0CTOMKOCTBIO B YCIIOBUSAX
JITIK.

Mapranerr ¥ a30T TOBBIIIAIOT MPOYHOCTh U HU3MEIBYAIOT  3€PHO.
JucriepcHOHHOE TBEPACHUE HE OKA3bIBAET 3HAYUTEILHOIO BJIUSHUS HA BEIIMYUHY
OTHOCUTEIIbHOTO YJIMHEHHS, KOTOPO€ [JIs WCCIEAOBAHHBIX CTajeid KJacCoB
npouHocT K48-K60 uzmensiercs B y3kom auanazone 26-29%.

TepMoanHaMUUYECKUE  pacyueTbl  BBIJECIEHUS HUTPUIOB  BaHAIUs B
ayCTEHUTHOM 00JacTU MpU TEPMOMEXAHMYECKOM 00pabOTKe MOATBEPKIAIOTCS
UCCIICIOBAHUSIMU TOHKOM CTPYKTYpbl Ha MPOCBEUMBAIOIIEM 3JIEKTPOHHOM
MUKpockonie. Takue 4dacTuipl 00JIaaloT pasMepoM 10 15 HM, pacnonararorcs
CKOIUICHUSIMU TI0 TpaHuIlaM (EppUTHBIX 3€PeH M MOTYT Y4YacTBOBAaTh Kak B
MPOIIECCE TOPMOKEHHUSI TPAHUIl, TaK W SIBISATHCS JOMOJHUTEIbHBIMHU II€HTpPaMu
3apOXKJEHUS HOBBIX 3€peH (deppuTa Nnpu noJuMopdHOM mpeBpaiieHun. YacTuiibl
chopMHpOBaBIIMECS HAa TPAHUIIC TPEBpAIICHUS U B (EpPpUTE XapaKTEPU3YIOTCS
0oJiee MEJIKUM pazMepoM OT 2 10 10 HM U X KOJIMYECTBO 3aBUCUT OT COACPIKAHUS
a30Ta B METAJIE.

Conepxxanue B cranmu azota 0,012% coBmectHo c¢ Banaauem 0,010% B
YCIOBUSIX JIUTEHHO-TIpOKaTHOTO KomIuiekca AO «BM3» He mo3BoyisieT B MOJHOM

MEpE PEeanu30BaTh YIPOUYHEHHE [0 MEXAHU3MY JUCIIEPCUOHHOTO TBEPICHUS B
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CBSI3U C MaJIBIM KOJIMYECTBOM (POPMUPYIOLIUXCS YACTUL] KAPOOHUTPHUIOB BaHAIUS.
[Ipu Oonee BbicokoM coxaepxkanuu azora 0,020% mnpu TOM Ke colep)KaHUuU
BaHaJMUsl HaONIOAAETCs IOBBILIEHHE IPOYHOCTHBIX CBOWCTB M M3MEJIbUCHUE
KOHEYHOT0 3epHa (peppura.

Iloka3zana npuHIMIIAAIBHAS BO3MOKHOCTBH IMPOU3BOACTBA B ycioBusax JIIIK
U3 CTaJu CUCTeMbl MUKposierupoBaHus V-N xy1aoCTOHKOTO pyJIOHHOTO IpOKarta
knacca mpouHoctu K52, obGnamaromero BBICOKOW CTOMKOCTBIO BOAOPOTHOMY
pacTpecKUBaHUIO, KOTOpasi 00ecreunBaeTCs:

— B pe3yJbTaTe BBINOJHEHHsS Ha CTaJWM BBIIUIABKM U PA3JIMBKUA MeETalla
CIEIYIOIMX TEXHOJOTMYECKUX MEPOIPUSATUH: BaKyyMHUpPOBaHUE, TIIyOOKas
necyiabdypanusi, o0padoTKa KalblUeM, ONTHUMAJIbHO MOJ00OpaHHBIE PEKUMBI
Pa3JIMBKU U MATKOTO 00KaThsl TOHKUX CIISI00B;

— 3a cyer (dopmupoBanus B mnporecce TMO oAHOPOAHOW MO TOJIIUHE
CTPYKTYpBl, COCTOSILIEH B OCHOBHOM U3 (DEppUTHOM MaTpPUIl C 3EpPHOM

MOJIMTOHAJIBHOI'O CTPOCHUS U HEOOIBIIOTO KOJIMYECTBA nepJimra.
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Metoanka NMOCTpPOeHUs] KPUBBIX YNPOYHEHHSI MO pe3yJibTaTaM

HUCNBITAHUIA HA Kpy4YeHHe KOHUYECKMX 00pa3lnoB U3 CTAJIHU

ITetpoB I1.A. 1, K.T.H.; Kanmmun HO.I'. 1, 1.T.H.; Bergymkuna C.B. !
petrov_p@mail.ru, kalpin@inbox.ru, ffotya@mail.ru

1 . .
Mockoseckuti nonumexnuuueckuu ynueepcumem, Mockea, Poccus

Annomauus:

Onucanvl cywecmsyroujue MemoouKy NOCMpOeHUs KPUBbIX YNPOUHEeHUs. npU
KpYYeHUU CHIOWHbBIX U mpyouamvlx 00pazyos. Hsznodxcena memoouxa nocmpoenus
KPUBbLIX YNPOUHEHUS NPU KPYYeHUU CRAOWHbBIX KOHUYecKux oopasyos. lIlpusedenul
pe3yabmamsl IKCNEPUMEHMANbHBIX UCCIe008AHUN YUTUHOPULECKUX U KOHUUECKUX
obopazyos uz cmanu 20X no npeonodxiceHHOU U MpPAOUYUOHHOU MemOOUKAM.
IIposeden ananuz pe3ynbmamos 3KCNePUMEHMAIbHbIX UCCIe008AHULL.

Knrwoueswie cnosa:

KOHU4ecKuu obpaszey, Kpueas ynpouHeHus, Cmaib, MemoOuKa noOCmpoeHuUs

KpUBOL YNPOYHEHUS, KpYyyYeHUue 00pa3ya.
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B nacrosiiiee Bpemsi CyliecTByeT HECKOIBKO CITOCOOOB MOCTPOCHUS KPUBBIX
YIPOYHEHUsI MO pe3yjbTaTaM HUCIBITAHUN Ha KpydeHUe (KpyueHue TpyOdaTtoro
oOpaslia, KpyueHue CIUIOUTHOTO HUJIUHAPUYECKOro o0pasiia, KpyueHHE YCIOBHO-
TpyOuaTtoro oOpasua). Kak mnpaBuwio, KpuBble YIOPOYHEHUS, MOJyYCHHbBIC
UCIIBITAHUEM Ha KPYYEHHE CTPOSAT B KOOpJMHATAX KacaTelIbHOE HaNpsLKeHHE T
(MHTEHCHBHOCTh HAIPSDKEHUH Gj)- aedopmarus capura Y (MHTCHCHBHOCTB
nedopMaruii ;).

PaccMoTpuM KpaTKO H3BECTHBIE CIHOCOOBI OIpENeTeHUs] MEXaHUYECKHX
CBOMCTB METAJJIOB W3 WCIBITAHUN HAa KPyUYEHUE M MEPEUUCINM MPHUCYIINE THM
croco0aM HeOCTaTKU.

[Tpu ckpyunBaHum TpyOuaTOoro oopasia HanpsHKeHHOE U 1e(OPMUPOBAHHOE
COCTOSIHME 110 BCEW /JMHE €ero pabodel YacTh OAMHAKOBOE MU CKOPOCTb
nedopManui OT Hayaja [0 KOHLA CKpyYMBaHUS He MeHsdeTca. OJHaKo KpUBYIO
YOPOYHEHUSI MOXHO TOCTPOHUTHh TOJBKO MPH HEOOJbIIUX AepopManusix. ITO
OOBSACHSAETCS TEM, YTO NpPH OOJBLIMX yriax 3aKpy4UMBaHUs oOpa3el CTPEMHTCS
MPUOOPECTH IMIHEKOBYIO (POPMY, TEPSET YCTOMUUBOCTS [1].

BenuunHa cnBUroBoit geopmauu Y MOXKET ObITh ONpeesieHa CIeyIOIIUM
obOpazom:

y = M = tgp , (1)
rae () — yroja moBopoTa TOJOBKH TpyOuaTtoro obOpasna; R — BHeHmIHUN paauyc
TpyOuaToro o0Opasiia; I — BHyTpESHHHN paauyc TpyouaToro obpasia; | — pabGouast
JUIMHa 00pa3la; ¢ — Yyroia HaKJIOHA pUCKH, HAHECEHHOM Ha MOBEPXHOCTH

HeZ1ehOpMHUPOBAHHOTO 00pasiia, OTHOCUTEIHLHO 00pa3yIoIIeH.

NuTeHcuBHOCTh AedopMaliuii Ha TMOBEPXHOCTH 0Opaslia omnpeaesseTcs

CJIEAYIOLINM BBIPAKECHUEM:

_tgo
fn =y (2)
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I[JISI pacdcTta BCIMYHHBI KAaCATCIBHOI'O HAIIPSAXKCHUSA MOKHO HCIIOJIBb30BaTbh

dbopmymy I1.JIronBuka:

1 (dM
T

= 2n(R3 - r3) o + 3Mj , (3)
rae M — 3HaueHHe KpyTAIIEro MOMEHTA, MIPUIOKEHHOTO K FOJIOBKaM TPyO4aToro
oOpasria.
WMHTEHCUBHOCTh HANpPSHKCHUH Gj MOKET OBITh OmpezesieHa U3 CIICAYIOIIEro
BBIPAKECHUS:
o, =-/31. (4)
[TprMeHeHHEe CIUTOMIHBIX MUJIMHIPUYCCKUX, BMECTO TPyOUaThiX, 00pa3IoB
MI03BOJIACT MOJIYYUTh OOJIBIIYIO JedopMannio. BenmnmunHa ciBUTOBOW JehopMaIun

Y B 3TOM CJIy4dac OIIPCACIIACTCA BBIPAKCHUCM

QR
v=T=tgcp. (5)

I[J'Iﬂ pacucTa BCIMYHMHBLI KAaCAaTCJIbHOI'O HAIIPSIKCHUA TAKIKC HCIIOJIB3YCTCA

dbopmyna I1.Jlronsuka B BUzE [2]:

= 13(6d—M+3Mj. (6)
2R do

Bennuuns! €jg U Gj ONPEACISIIOTCS TaK JKe, KaK ¥ MPU KPYICHUH TPYOUIaThIX
o0Opa31oB 1o ¢popmyiam (2) u (4), COOTBETCTBEHHO.

OpHako KpydeHHE IWIMHIAPUYCCKUX OOpas3IoB MMEET pPsj HEIOCTATKOB:
HEPAaBHOMEPHOCTh pachpeaesieHus aedopmaluii mo paauycy u mo JUimHe oopasia,
KOTOpasi, B CBOIO OYepPe/ib, MEHSCTCS 10 BPEMEHHU; BO3MOKHOCTD PaCIpOCTPAHCHUS
nedopmarii Ha TanTedb oOpasiia, YTO MOXKET OKas3aTh BIUSHUE HA YTOJ €ro
3aKpy4yuBaHus. Bo3MokHa Takke JoKamm3anus aehopManvii TpH KpPYdeHUH
CIUIOIIHBIX ITUIHHIPHUICCKHX 00pa31ioB [3].

B paGote [4] npenmaraeTrcst sl onpeeaeHus] KacaTeIbHOTO HaIpsKEHUS
nojJBepraTh CKPYyYMBAHUIO JIBA CIUIONIHBIX IUJIWHIPUYECKUX oOpaslia pa3HOTO

auaMeTpa, TaK  Ha3bIBa€Mbld  YCJIOBHO-TpyOuaTelii  oOpaszern. Bemuumna
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KacaTeJIbHOTO HAMPSIKCHHUS, B TOM CIIydae, MOXKET ObITh OIpe/IesieHa CIICAYOIIMM
oOpazom:
- 3(M,-M,)

T=
3 3y
271;(r1 —r2)

(7)

rae M; > M, — MOMEHTHI NIpU CKPYYMBAHUM ATUX 00pas3loB; [1, I, — BHEIIHUE

PadnyChl CINIOMIHBbIX MUJIMHAPHUYICCKUX O6p8,3HOB.

BenuunHa T XapaKTepH3yeT CpeHee KacaTeIbHOe HATPSIKEHHE B YCTOBHO -
TpyOuaTrom oOpa3ie. B npemioxkeHHOM criocobe NoCTpOeHusl KpUBOM YIPOYHEHUS
pacrnpeneiieHie HanpsbDKeHU u aedopmaruil mo paamycy oOpaslia cuumTaercs
oJIHOpoHBIM. HeoqHOpoAHOCTh pacipeneneHus no paanycy OyAeT TEM MEHBbIIIE,
yeM MeHbIle OyleT pa3Hulla MEeXAy AuaMeTpaMu OOpasloB, T.€. Y€M MEHBIIE
OyJleT CTeHKa yCJIOBHO-TpyO4aTOro oopasia.

Henocrarku, mpucyiue Kpy4eHUIO CIUIONIHBIX HUTUHIAPUYECKUX 00pa3IloB,
MOKHO YCTPaHUTh, €CJIM B KaueCTBE 00bEKTa UCIIBITAHUS MCIIOJIb30BaTh 00pasell ¢
KOHUYECKON paboyelt 4acThio ¢ HEOOIBIINM YIIIOM KOHYCHOCTH (B HAILIUX OMBITAX
- 2°).

N3110XuM CyTh MpeasiaraeMoil METOIMKHU:

1) konudeckuii oOpaser] ¢ MPOAOJIbHONH PHCKOH, HAHECEHHOW Ha €ro
IIOBEPXHOCTh  CIICLIMAJIbHOW HWHCTPYMEHTAJIIBHOM KPACKOM, 3aKpeIUIIeTCS B
3KUMHBIX yCTPOMCTBaX MCHbITaTebHON MamuHabl KM - 50 - 1 (MakcumanbHBIN
KpYTALIKUA MOMEHT - 50 Krc-m);

2) obOpasel] 3akpyduBaeTcs 10 pa3pyLICHHUS; PETUCTPUPYETCS KPYTSIIHMA
MOMEHT M B MOMEHT, MPEAIIECTBYIOIIHNIA pa3pyIICHHIO;

3)uyactu  paspymieHHOro o0pa3lia COBMEMIAKTCA IO  IJIOCKOCTH
paspylieHusi, 1 o0paszel 3aKperuisieTcsl B UEHTPUPYIOLIEM YCTPOHCTBE MUKPOCKOTIA
BMMU (nipenen uzmepennii 50 x 150 mm);

4) uzMepsieTcsl TEKyllee 3HAUYCHHs paaudyca oOpasma - I (puc. la) u yrodi
HAKJIOHA PUCKH (@ K OCH 00pasiia; TOYKY 3amepa BbIOMpald Tak, 4To Obl Iar

n3Mepenus ¢ coctanisia 30 .
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Pacuer nampsokeHuit u gedopManuii OCYIIECTBISETCS IO CICAYIOIICH
cxeme [5].

@) KOHUYECKUI o0Opazer|

0) CILTONIHOW MUJIUHAPUYECKHUI o0pa3ert

L

Puc. 1 — Tumnsr HCXOAHBIX 06pa3u0B AJIs1 TIPOBEACHU A HUCIBITAaHUI Ha Kpy4dCHHC

HNHuTeHcuBHOCTh AedopMalvii B MPOM3BOJIBHON TOUKe o0paslia € CBsi3aHa C

KOOPJIMHATON 3TOM TOYKH I' COOTHOILIEHUEM
_ p
€ =&p ; > (8)

t o
TIe €, 8P _ nrencusmoOCTS nedopmariii  Ha TMOBEPXHOCTU 00pasiia;

NE]

p — TEKyIlee 3HaUeHHE pasinyca BHYTpH 00paslia B JaHHOM CEUYEHUHU.

Orcrona,

P tgp
de. =———do+—=-dp .
' JBreos’ o ® 3r P
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MakcumanbHBId CABUT B TIPOU3BOJBHON TOYKe oOpasma €13 CBS3aH C

HNHTCHCHUBHOCTBIO zxe(bopmaunﬁ B ATOM K€ COOTHOILIICHUEM

V3

€13 :781 . (8a)

Hckomyro (QyHKIUIO HampspKeHUR T, = ’513(8i) MOXXHO  OMPEJIETUTh

clieqyromuM obpazoM. [ KpyTsIIero MOMEHTa MOYKHO 3allucaTh CIEAyIoliee

COOTHOILIEHHE:
R

M =2x[7,(¢, )p’dp
0

3aMeHsIeEM IEPEMEHHYIO P Ha &;

3
&R

M=2r | 1,(g)) L g2de

i
0 SiR

Orcrona,

r

.(['C13(8i)8i2dgi _ E(S;R)

Juddepenunpys o6e 4yacTu paBeHCTBA M0 EiR , MOTYYAEM:

» 3M(e,) ® de,
T13(8iR)8iR = n\r 2
Takum 00pa3om, UCKOMast PyHKIIUS:
3M dr
T13(81R) = >t I—¢&p de 5 (9)
iR

ITpuuem,

dr. = /3 cos’ (p2 .

de do

MHTEeHCUBHOCTDh HAMPSIKEHUNW MOXKET OBITh OMpeJesieHa W3 CIEAYIOIIETO

BBIPAYKCHUSA:

o, =31 . (10)
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B npaBoii wactu paBenctBa (9) - uzBecTHble BenuuuHbl; dr/deig, a TouHee
dr/de onpenensem yncieHHbM U depeHIIPOBaHEeM. MakCUMaIbHBINA JHAMETP
pabGoueii yacTu BBIOMpaeTcs TakuM 00pa3oM, 4TOOBI K MOMEHTY pa3pyIICHHUS,
KOTOpoe OOBIYHO HaOIrofaeTcsi B MHUHMMAJIbHOM CEUEHHUH, IJIACTUYECKHUE
nebopManul  HE PacCIpOCTPAaHUINCh Ha MakcUManbHOoe. Torga KpuBas

YIOPOUHEHHUSI MOXKET OBITh IMOCTPOEHA OT caMoro Ipejena TekydecTdu. HerpymHo
13

2M
—| , Toe Ts — mpenen

max> (RTS)

IIOKa3aTb, 4YTO 3TO YCJIIOBHC BBIIIOJIHACTCA IIPHU T

TEKY4YECTH Ha C/IBUT.

Takum o0pazom, ucnonab3ys Bbipakenus (8) - (10), MOXHO ompenenuTh
3HAYCHUS WHTCHCUBHOCTH AehOpMAINM W HAIPSDKEHUSA, a TAKKE MaKCHUMAaJbHOE
KacaTelbHOE  HaNpsDKeHWe.  3Has  3TH  [MapaMeTphl  HAMpsHKEHHO -

1e(OpMHUPOBAHHOTO COCTOSIHHSI, MOYKHO ITOCTPOUTH KPUBBIC YIPOUHEHUSI (pHC. 2).

L= AAT T

B

G

B

= SRR RS CRRE T

R —

200 1 i 1 i
0,0 LU | oz L ] LR | 0.5 0.6 07T =y

Puc. 2 — Kpussie ynpounenus s ctanu 20X: 1 — annmpokcuManus 3KCIepUMEHTAIbHBIX
JTAHHBIX PU KPYYEHUH KOHUYECKOTo 00pasiia; 2 — anmpoKCUMAaIUs IKCIIEPUMEHTAIbHBIX
JTAHHBIX MPU KPYUSHHUH CIIONTHOTO HUJIMHIPHUYECKOro oOpasia

Jlns  mpoBeneHUs HSKCHEPUMEHTOB ObUIM HM3rOTOBJIEHBI § 00pasloB
kKoHnueckod Gopmer w3 cramu 20X (puc. 1, kpuBas 1- anmpokcumarus

9KCIICPUMCHTAJIbHBIX ,Z[aHHBIX). O6p33HBI BbITAYMBAJIM M3 TIIPYTKOB CTaJIA
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yKa3aHHOW BbIlIE Mapku Ha ToKapHOM cTaHke. I[locie TokapHOW 00pabOTKU

oOpasupl moaBepranv  numdosanuio. [IlepoxoBaTocTh MOBEPXHOCTH BCEX

1,25
o0pasIoB - V .

[TonyyeHHble KOHMYECKHE OOpasibl MUMENIU CIEAYIOIMINE TeOMETPUUECKUE
pa3Mepbl: MUHUMAJIbHBIA qTuaMeTp KoHyca Omin & 10,0 £ 0,1 MM; MakcUMabHbIH
auaMeTp KoHyca Omax ~ 14,15 + 0,25 mwm; yromn konyca o = 2° £+ 30'; quameTpsl
MUIMHAPUYECKUX YIaCTKOB, COOTBETCTBEHHO, paBHbI = 10,0 £ 0,1 Mmm u = 14,15 +
0,25 mm; mmuHa paboueit wactu L ~ 80,0 + 0,5 mMm. [{unumaapuyeckne ydacTKu
BBITIOJIHEHBI C II€JIbI0 BBIACHEHHS BOMPOCA O pacHpoCTpaHEHUH aedopManvy Ha
rajTellb NPU KPyYECHHH.

Jnst cpaBHeHMsI ObUIM MPOBEICHBI AHAJIOTUYHBIE JKCIEPUMEHTHI, HO B
KauecTBe OOBEKTa WCIBITAHUA MCHOJIB30BAIA CIUIOIIHOW IMJIMHIPUYECKUN
oOpazeu. C 3Toil menpto ObUIM M3rOTOBJIEHBI 6 00pa3uoB u3 craaum 20X co
CIICIYIOIUMHU pa3Mepamu (puc. 10): ucxoausli quametp odpasua dg - ot 10 mo 15
MM ¢ marom 1 mMm; padodas ;ymmHa L = 75 mm. [t npoBeIeHUST UCTIBITAHUMN TaKKe
UCTIONB30BaJIM UcTbITaTeNbHy0 MamHy KM - 50 - 1. DkciepumMeHTs! POBOIMIN
M0 TPAJAMIIMOHHOW MeTOoIMKe [2]; I pacuera MapamMeTpoB HAINPSHKEHHO -
1e(OPMHUPOBAHHOTO COCTOSIHHMS HCIOIB30Bau (Gopmynsl (2), (4) - (6). Kpusbie
YOPOUHEHMS, MOCTPOEHHBIE MO pe3yjbTaTaM pacueTa NpPUBEICHBI Ha puc. 2
(kpuBass 2 - anmpoKCUMAIMS AKCIEPUMEHTAIBHBIX JIaHHBIX). 3aMETHUM, YTO
amnmpOKCUMAIUsl DKCIIEPUMEHTAIBHBIX JAHHBIX KaK JJIsi KOHMYECKUX, TaK U JJIs
MUJIUHAPUYECKUX 00pa3IloB MPOBOIUIIACH IO CTETICHHOW 3aBUCUMOCTH BUA:

c, =Ag] . (11)

Hcnone3yst anmapaT MaTEMaTHYE€CKOM CTaTUCTUKHU, MOXKHO ONPEACIIHTH
OTHOCHUTEJIbHYIO MOTPENTHOCTh CIOCO0a KPY4YEHHUs CIUIOMIHBIX MUIMHAPUYECKUX
o0pa3lioB W mMpejjaraeMoro croco0a KpydeHHs KOHWYECKHX o0pas3ioB. Kak

MOKa3bIBAE€T pacyeT, Npu JIOBEpPUTEIbHOW BepositTHocTH 0,95 oTHOCHTENbHAS
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NOTPEIIHOCTh M3MEPEHUH MO0 TpagunuoHHOW Mertoauku - 3,1%, a 1o
npemaraemMoi - 3,73%, 9T0 AOMyCTUMO TP BHITIOJTHEHUN WHXEHEPHBIX PACUETOB.
JIy1st BBIICHEHHSI BOTIpOCa O pachpeiesieHnd aedopmariii mo JinHe ObLIn
MIPOBENICHBI JIOMOJIHUTEIbHBIE UCIIBITAaHUS HAa KpydeHue. J[Jig ucnbITaHuil ObuH
M3TOTOBJIEHBI 3 o0Opa3ua (OJUH HWIMHIPUYECKUH M JIBa KOHUYECKHUX, C YIJIOM
konyca a=2° u 2°30"). 'eomeTpudeckue pasmepsl 00pasmoB: MIUJIXHIPHIESCKOTO -
ucxonHbld aumamerp dg = 10 MM, pabouas mmuHa L = 77,4 MM; KOHUYECKOTO -
MakCUMaabHBIA auamMeTp dna=14,39 MM (a=2°) u 14,365 mm (a=2°30"),
MUHUMANBHBIN quametrp Omin=10,19 mm (=2°) u 9,41 mm (a=2°30"), pabouas
mHa L = 75 mm. Ilepen ucnbiTaHueM Ha MOBEPXHOCTh OOPa3lOB CHEHATbHON
KPAaCKOM HAHOCWIM TPOJOJBHYIO PHUCKY. 3aTreéM Ha HWHCTPYMEHTaJIbHOM
Mukpockonne bMW wu3Mepsuin  yron HakiioHa puckd K ocu  ¢@. Jld
MUJIMHAPUYECKOT0 0o0pa3iia U3MEPEHHUs MPOBOJIUIN Yepe3 Kaxable 5 MM JJIUHBI,
JUIST KOHUYECKHX OOpa3IOB HCIOJIB30BAaHbI PE3YJbTaThl HU3MEPEHHS yria o,
MPOBEJICHHBIX MPU MOCTPOCHUM KPUBBIX YIIPOUYHEHUS M0 pe3yJbTaTaM UCTBITAaHUN
Ha KpyudeHue. VcrbITanust mpoBOAMWINCH HAa UCTIbITaTeIbHOM Mamnae KM - 50 - 1.

BbIBOABI M peKOMEHIAIUN.

[To pe3ynapTaTam U3MepeHui ObUIH ONPEIeTCHbI BEJIMUUHBI OTHOCUTEIBLHOIO
cagura Yy (caBuroBas aedopmanus) Kak Uil [WIMHAPUYECKOTO, TaK U JJIs
KOHUYECKOT0o 00pa3noB. BennunHy ciBUTOBOM AedopMaIiuy y ONpeaesiiv 10
dbopmyne (5). Ha puc. 3 mnpuBomsrcs rpadukud 3aBUCUMOCTH CIBUTOBOM
nedopManmu o yIMHe 00pasiia.

AHanu3 TpaduKOB MO3BOJISAET ClIeNaTh CIEAYIONIME BBIBOABL: 1) KpydeHUE
MUAJIMHIPUYECKOr0 o0pasiia MPUBOIUT K OOJIbIIEH JIOKAIU3aluK 1eopMaliuu, 4eM
pU KPYYEHHH KOHUYECKOTO; 2) nedopmaruu He pacmpOCTPaHSIOTCS HA TalTelhb
KOHMYECKOTO 00paslia M 3aXBaThIBAIOT TajTelb IUJIWHIPUYECKOro obOpasia, 4To
CJIeIyeT U3 XapakTepa KPUBBIX JUIsi 000MX 00pa3lioB HA HAYAJILHOM y4yacTke (TpH

L = 0 mMm).
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™.
L~

0,2 =
A

Puc. 3 — Jlokanu3anus aedopmaiuii npu kpydeHuu: 1 — numaapuyeckuii oopasia do=10 mm; 2
— KOHWYECKH 00paserl ¢ yriaoM KoHyca a=2°; 3 — KOHH4eCKHUi o0pazer
¢ yriaoM konyca a=2°30’

3aBpiieHue  gedopMalii MpyU  KPYUYCHHHM [HJIMHIPUYECKOro o0pasia
MPOUCXOJUT OYEBUIHO, BCIEACTBHE TOrO, YTO YroJ MOBOPOTAa PUCKA (P K OCH
HUJMHIPUYECKOr0 00pa3lia MEHSIETCS MO JJIMHE NPU TOCTOSHHOM JTUaAMETPe
MOCJEAHEr0o, ¥ W3-3a pacnpocTpaHeHus: naedopmainuu Ha raiarenb. [lpu
WCIIOJIB30BaHUM KOHMYECKOI0 00paslia, yrojl IMOBOPOTa PUCKU (¢ OJIHO3HAYHO
ompejeNsieT 3HaueHue AedopMalvi B JAHHOM CEUEHMH U 00ecreyuBaeT

HoJTydyeHue 00Jiee TOUHBIX Pe3yIbTaTOB.
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Bausinue cTpykrypHo-¢a3oBoro cocrosinusi craau 0SX21AT'TISHSM®DJI

¢ 0,5% N Ha ee XJaJ0CTONKOCTH
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1
DedepanvbHoe 20cyoapcmeerHoe Or0icemHoe yupexicoeHue HayKu « ncmumym

Memautypeuu u mamepuanogeoerus um. A. A. baiikosa Poccutickoti akademuu Hayk»

Annomauusn:

Yemanoenena — 6ozmoorcnocmes  nonyuwenuss  y - Cr-Ni-Mn-Mo — cmanu,
ynpounennott  0,5% azoma, cowemanus NPOYHOCMU C BbICOKOU VOAPHOLL
BA3KOCMBIO NPU  HUSKUX ~MeMnepamypax, 6 0ehOpMUpoBaAHHOM U JTUMOM
COCMOSIHUAX C nocliedyiowell 00pabomroll Ha meepowlil pacmeop.

Knruegnie cnosa:

azomocoodepaicawas cmaiv, X1a00CMOUKOCMb, VOAPHAsS 813KOCMb, 653KO-

XpynKuil nepexoo.
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BBenenue

Aycrerutable Cr-Ni cTanm HCHOJIB3YIOTCS KaK XJIaJIOCTOWKHE U KPHOTCHHBIC
Matepuaisl [1-5]. Ux HemocTatok — Hu3kas npodHocTh (~200 MIla) mpu +20°C.
Bosnee npouHbl ayCTEeHUTHBIE CTAM, B KOTOPBIX HUKENb (CTAOMIN3aTOP ayCTEHUTA),
MOJIHOCTHIO WJIM YACTUYHO 3aMEHEH MaprasiieM u a3otom [6—12]. OnHako, Toraa kak
HUKEJb, SBJSISICH JOHOPOM CBOOOJHBIX SJIEKTPOHOB B CIUIaBaX Ha OCHOBE KEJE3a,
MOBBIIIAET YIAPHYIO BA3KOCTh MPH HU3KUX TEMIIEpaTypax, MapraHell U Xpowm,
YMEHBIIAsE METAUIMUECKYI0O KOMIIOHEHTY MEXAaTOMHOM CBSI3U Y-TBEPJIOrO PacTBOpa,
HE CHOCOOCTBYIOT OOECIEUEHHIO MPUEMIIEMOTO YPOBHSI MX BSI3KOCTU pa3pyLICHUs
[13]. OcoOeHHOCTH TaKMX CTajieli — BA3KO-Xpymkwid mepexon [3-5, 8, 13, 14],
MaJicHUE YJApHOM BSI3KOCTH C POCTOM COJEP KaHHsI B HUX a30Ta MPHU MOHMKEHHBIX
TeMIlepaTypax, T.€. TMOBBIIICHHE TEMIIEpaTyphl BsI3KO-Xpynkoro nepexozaa (Ductile-
Brittle Transition Temperature, Tpgr) moBsImaercs [4, 16].

B aBuanmu, ocoOeHHO 3a pPyOEkKOM, HCIOJB3YIOTCS CTald C BBICOKOM
KOHIICHTpaIuel a3oTa, Kak 001ajaroniie YHUKaJIbHBIMU KOMIUJIEKCAMU CBOMCTB, B
YUCJI€ KOTOPBIX — BBICOKas IPOYHOCTb, YTO TIO3BOJISIET CHUXKATh pa3Mep
Harpy>KeHHBIX CEYEHUN M, COOTBETCTBEHHO, Maccy jnertaneil. B pabore Obina
MOCTaBJICHA IIeJIb MCCIIEA0BATh BIMSHUE XUMHUYECKOro coctaBa ctanu (21-22)Cr-
15Mn-8Ni-(1-2)Mo-V ¢ 0,5%N [17-22], TexHONOTMYECKMX OCOOCHHOCTEH e¢
nonyueruss (OUIIl, OTOXOKEHHBIH MPYTOK WM OTOXOKEHHAs  OTJIMBKA),
OOyCJIOBJIMBAIOIIMX TPU 33JaHHOM XHMCOCTaBE €€ CTPYKTYpHO-(ha30Boe
COCTOSIHUE, HAa CTOMKOCTh K YJapPHOMY Pa3pyILICHHIO MPU TEMIEPATypax BILUIOTh J0
KPUOTEHHBIX, PU UCTIBITAHUSX HA yJIapHBIN U3THO.

MartepuaJjbl 1 MeTOAbI HCCIET0BAHUS

HUccnenoBamn ctans 05X22AI'1 SHEIM®DJI-1II 3aBoackoit BemIaBku ¢ 0,50%
N B nedopmupoBaHHOM COCTOSIHMM (cTaib 1, mpyTku kBazapaT 12x12 mm mocrie
3akaiiku oT 1100°C), u ctans 05X21AT'ISHSM®JI ¢ 0,47% N B 1UTOM COCTOSTHUM

(ctanp 2, mabopaTopHas OT/IMBKa, miauTa ToimuHo 40 mMm). Ctamm 1 u 2

Bcepoccuiickass Hay4YHO-TeXHU4YeCKash KOHepeHLUs Ctpanuna 103



BbICOKOHpO‘-IHBIe CTalau 4Jjid aBPOKOCMH‘{CCKOﬁ TCXHUKHU U TCXHOJIOTUU UX NNPOU3BOACTBA

oroxckeHsl mpu 1100°C u  oxnmaxknensl B Boje. (Pexxum TepMooOpaboTKu

ob0ocHoBaH B [18, 21]). XuMudeckuii COCTaB cTajiel mpecTaBicH B Tadmmie 1.
Tabmuma 1
Xumunueckuit cocras craineit (mac. %, Fe — ocHoBa)
Ne Crainp (Mapka) C | Mn |Si| Cr | Ni |[Mo|V S P N
1| 05X22ATI'15SH8M2®-11 10,05|14,18|0,26| 21,65 |8,05(1,94 (0,14 |0,006 | 0,001 {0,50

05X21AT'15SHEM®DJI 0,04| 14,4 (0,24|21,00| 7,6 |1,12/0,22|0,010| 0,011 |0,47

Ucnpitanust Ha ymapHbld w3rub mpu Temreparypax ot +20 mo -196°C
UCMOJIb30BAJIM B KAyeCTBE OCHOBHOIO CHoco0a OLEHKW XJagocToMkocTH. Mx
npoBoa mo ['OCT 9454-78 u 'OCT 11150-84, Ha obpa3max ¢ Haape3oM IO
[Tapru, Ha ycranoBke Amsler RKP 450 Zwick/Roell. MukpoctpykTypy muudoB
BbIsBIsUIM TpaButenem: 3 yactu HCl +1 wacte HNOj + 1 vacte rmuepuna. s
UCCIIEZIOBAaHUI MUKPOCTPYKTYPbI HCIIOJIb30BAIM: CBETOBOM MHKpockon Olympus
GX51; ckanupyrommii  3nekTpoHHbI Mukpockon Tescan Vega II SBU ¢
IIPUCTAaBKOW U1l 3HeproaucnepcuoHHoro Mukpoanamuza INCA  Energy 300.
CopepxaHue ocTaTOyHOro (eppuTa B ayCTEHUTE JIMTECHHOW CTaau OMpEenessiin
Marautomerpuuecku (pepputomerp MBII-2M) u mno none ero Imiomagd Ha
nude. Opaxrorpaduyeckuii aHaIU3 U3JIOMOB YAAPHBIX 00pa3lioB MPOBOAWIHA Ha
mukpockone Tescan Vega II SBU. Ilpu onpenenenuu Tpgr UCHOIB30BATH METOJ
PErpecCUOHHOTO  aHajiu3a  YeThIpeXmapaMeTpU4YecKol  runepOoarnuecKon
TaHTeHIMAILHONW (DyHKIMU S-00pa3Hoil KpuBO# "ymapHas Bs3kocTh mo I[lapru —
TeMIlepaTypa HCHBITAHUID, BBISBISISL TOYKY Ieperuda Ha KpUBOM (cepeauHy
HHTEpBaa BA3KO-XPYIIKOTO Mepexo/ia) B kauecTBe Tppr [23-25].

Pe3yabTaTthl n 00Cy:KI1eHHe

Cramp 1 wumena oaHoda3HyI0 ayCTEHUTHYIO CTPYKTYpy ¢ OOJbLINM
KOJIMYECTBOM JBOWHHUKOB OTXKHUIA M KPYIHBIMH PABHOOCHBIMU 3€pHAaMHU Pa3MEpPOM
40-100 MM (puc. 1 a). Ctans 2 umena AByX(}a3HyIo JUTYIO CTPYKTYPY, COCTOSIIIYIO

u3 KpynHbix (500 MKM — 2 MM) 3€peH ayCTeHHUTa C KpUCTaUIlaMU OCTaTOYHOrO O-
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deppura, 0ObeMHas T0JIT KOTOPOTO cocTaBisuia oT 9 10 3% B pazMyHBIX 00pasiax
(puc.1 a, 0).

[locie HU3KOTEMIIEpAaTYpHBIX HCHBITAHUH HA  yAapHBIA W3rM0  TIpU
temneparypax Bmiote 10 -196°C (ctame 1) m -160°C (cramp 2) aHanus
MUKPOCTPYKTYPBI U (hepPUTOMETPHUIECCKOE UCCIIeA0BaHNE NIUTH(HOB 00euX CTajen y
TOpIIAa WCIBITAHHBIX yJApHBIX OOpa3lOB HE BBIABUJIM MPUCYTCTBHS MapTCHCHUTA
oxnaxaeHus u pedopmanuu. (ITo popmye Tokemoto, eciu Tt CTaau BBITIOTHSACTCS
ycaosue k= Ni + 0,46-Mn +11,8-N + 12,6:C + 0,65-Cr >24, To cranb He CKIOHHA K
Y—>€ U Y—>0L IPEBPAIEHISIM IIPH OXJIaXKICHUM BILIOTH 10 -253°C, a ecim k>33, To
Ipy COMyTCTBYIOMIEH aedopmarun 10 15%. Y crameit 1 u 2 k=35,17 u 33,87,
COOTBETCTBEHHO). Takum o00pazom ¢dakTop METacTaOMIBLHOCTH ayCTEHHTa II0
OTHOIIICHUIO K MAapTCHCUTHOMY TIPEBPAIICHUIO TPH OXJIAKICHUM HE JTOJDKCH OBbLT

CKa3aThCs Ha pe3yJIbTaTax MCIBITAHUHM Ha YIapHBINA U3r1o0.

F—d _~

¥

— oy

L~ " — / ‘,’,' ; % Y
Y 7 [ AR AR o S
~

Puc. 1 — MukpocTpyKkTypa IpoA0iIbHBIX HUTH(OB yAapHBIX 00pa3I0B cTajIeit

1 (a), - 200, u 2 (0, B)

O6pasiel Menaxe cramu Ne 1 mpu +20°C He MoaBEpraroTcs MOJTHOMY
pa3pyIIeHuI0, UMesl BBICOKHE 3HaueHUs paboThl 3apoxacHus Tpemunbl (W), u
nosHOM paboTel pazpymeHuss (Wp), U, COOTBETCTBEHHO BBICOKYIO YAApHYIO

Bs3KOCTb (540 [Dx/em?) (prc. 2). Takoii 3G dEKT Yy KOHCTPYKIIHOHHON ayCTeHUTHOM
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CTaJIi TOBBIIIEHHOW MPOYHOCTH HaOIromanu Brepsbie. Kak BumHo u3 puc. 2, W,
cTayii | TPAKTUYECKH HE 3aBUCHT OT TEMIIEPATypbl HCIBITAHUSA. JTa CTajb
coxpansier ypoerb KCU> 500 x/cm® u mpr -40 u mpu -70°C (puc. 2, 3). Crag
3Ha4YeHUM paboThl paspyiieHus npoucxoauT mnocie -/0°C, onpenensisi TEM caMbIM

ITOJIYYEHHYIO 3aBUCUMOCTD yAAPHOU BA3KOCTHU CTaiu 1.

\"l W
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Puc. 2 — BnusiHue teMnepaTypbl HCIIBITAaHUS HA yIApHYIO BA3KOCTh cTaimu Ne 1:

1-W3; 2-Wp; 3-KCU

VYnapHas BSI3KOCTh CTaJM 2 TUIABHO CHUXXKAETCS B IIMPOKOM HWHTEpBaJIe
TEeMIIepaTyp MO MEpe CHUKEHHUS TeMIlepaTyphl HcTibiTaHui (KpuBas 2 Ha puc.3). Ee

temnepatypa Tpgt = -75°C.
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Temneparypa, °C

Puc. 3 — Ynapnas Bs3kocts (KCV, kpome cranu Nel) aycTeHUTHBIX AeopMUpyEeMbIX
azoToconaepxkamux cranei (1,3,4) u autoi (2) B 3aBUCUMOCTH OT TEMIIEPATYPbI UCTIBITAHUS:
1 — Cr22-Mn15-Ni8-M02-N0,51-3HIIT (crans 1);
2 — Cr21-Mn15-Ni8-Mo01-N0,47 (ctanb 2); 3 — Cr18-Mn10-Ni4-Mo03-N0,5 [15];
4 — Cr20-Mn10-Ni3-Mo01-N0,53 [27]
®pakTorpammbl 00pa3ioB ctanu 1, ucneiranubix npu -40 u -70°C (puc. 4 a,

B) U ctanu 2, nocie ucneitanuii npu +20- u -70°C (puc.4 6, T) 1EMOHCTPUPYIOT
BSI3KUH, SMOYHBIA XapakTtep paspymienus. IIpu Temneparype -70°C, Gnuskoii K
Togrt CTAIA 2, W3JIOMBI 3TOM CTaJM COXPAHSIOT BA3KUN XapakTep, OJHAKO, IO
cpaBHEeHMIO ¢ TemnepaTypoi +20°C sIMKM CYyIIECTBEHHO OoJjiee IJIOCKHE, MEHee
HPHEPrOEMKHE, C OTPAHKOM; OTMEUAETCs HallMuue Mepexojia TaKuX 30H B 00JIacTH
KBa3ucKoJja (puc.4 r).

Ecnu cuutate, uto Temneparype Tpgr CTaIM OTBEYAET BABOE Oojiee HUBKUU
YPOBEHb YAapHOU BA3KOCTH, Y€M IPU KOMHATHOM TeMIiepaTrype , TO IJis ctaiu |
sro KCU=%270 I[)K/CMZ, KoTopoMy oTBevaeT Tpgr ~ -175°C, mockonbky mpu+20°C
KCU=545 Jix/cM?, a ipu -196°C KCU=221 JTx/cm®.
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Puc. 4 — IloBepXHOCTB M3JIOMOB TIOCJIE€ UCTIBITAHUN HA YIAPHBIA U3THO.
Cranp Ne 1: a) -40°C; B) -70°C. Crams Ne 2: 6) +20; 1) -70°C
VYkazanHas OIICHKa T, ppT CTaJIk | INOATBCPIKAACTCA KM TCM, UYTO IIOCJIC

ucneiTanuil mpu -196°C B nznome HaOIIOAANN KaK yYaCTKH XPYIKOTO pa3pylieHus
c Qacerkamu CKola TO TpaHUIAM 3€peH M CIeAaMU CKOJIBKEHUS IO
Kpucramiorpadguueckum miockoctssMm (111), Tak W y4yacTKH ¢ SIMKaMHU BSI3KOTO
oTpbIBa (pHC. 5 a). YpOBEHb YAApHOU BSI3KOCTH CTaJIX 2, COOTBETCTBYIOIIUHI €€ Tpgt
, cocrtaBiszer 120 21>K/CM2. Ero Takxke Henb3sd Ha3BaThb KPUTHUYECKUM JJIs
IPAKTUYECKOro. Hcnonb3oBaHuss OueHka Tpgr MO M3BECTHBIM U3 JIMTEPATYpPhl
smnupudeckuMm  gopmynam (1) w  (2), TOJNYYEHHBIM HMMEHHO  JJIA
nedopMUpPOBaHHBIX U 00paboTaHHBIX Ha TBepAblid pacTBop Cr-Mn-N craneit nana
3HadyeHus -162°C (1) u -128°C (2):
Toet (K) =300*[N]- 30 (wmu Tpgr (°C )=300*[N] — 303) [8] (1)
Toer (K) =300* [N]+100*[C]. [26] (2)
VY nmuroii ctamm 2 u npu +20 1 -70°C HE TPOCIeKUBACTCS BIMSHHUS JTHTOU

CTPYKTYpPbl Ha BHJ H3JIOMa; HaJIW4YME B CTPYKType O-peppura HE NPUBOAUT K
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3apoxkaeHuto TpenmH. C MOHMKEHHEM TeMmIiepaTypbl ucnbitanuit no -110°C
YCHJIMBAETCSl CMEIIAHHBIA THI Pa3pyIICHHs, C SMKaMHU C BKIIOYCHUSMHU, TPCOHIMHU
OTpBhIBA, (PaceTkaMu, PyYbSIMHU U SI3bIYKAMHU.

Nznom ob6pasna cranu 2 nocne ucnbitanuii npu -160°C cBUAETEIBCTBYET O
pactpoCTpaHEHUU TPEIIUH IO JIEMEHTAM JINTON CTPYKTYpHI (puc. 5 6-T1). Bumas
KaK BHYTpU3EpPEHHBIE, TaK U MEK3epeHHbIe (haceTKU KBAa3HCKOJIA U CKOJIA, B T.4. 11O
KPUCTALTOTPAPHISCKUM IIOCKOCTIMH (pUC. 5 B), CTYNEHbKH (pHC. 5 B, T).
MeTo/10M PHEPrOUCIIEPCUOHHOTO aHAIN3a XUMUUECKOTO COCTaBa MeTalla y4yacTKa
«O» B PacKpBIBIICHCS TPEUIMHE HAa PUC.5 T U HA COCEHEM yJacTKe MeTaylia («y», ¢
daceTkoil ckoJia) MOKa3aHO, YTO TPEIIMHOOOpPAa30BaHUE IMPOUCXOIUT B (deppure
(«0»), uACHTUPUIIMPOBAHHOM TI0 TIOBBILIEHHOMY cojepxaHuio Cr, TOHMKEHHOMY
conmepxkanmro Mn u Ni: ~32%Cr, 14% Mn,3%Ni. (CocraB ydwactka «y»

COOTBETCTBOBAJI MAPOYHOMY COCTaBY CTaJH 2).

Puc. 5 — V30oMbl, moJydeHHbIE IPH KPUOTSHHBIX TEMIIEpaTypax:
a— cramu | npu -196°C, 6 — cranu 2 npu -160°C
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OTO MOATBEPAWIIO TPEIONIOKEHUE O TOM, YTO MPU YIAPHOM BO3JEHCTBUU
npu -160°C BHIMMBIE MHOTOYHCIICHHBIEC TPEIMHBI B U3JI0Me cTamn 2 (cM. puc.5 0)
oOpasytorcs B O-heppute. DTO corjiacyercss ¢ JaHHBIMHA [28] 0 TOM, YTO XpOM,
MONUOJEH W MapraHel] CYIIECTBEHHO CHIDKAIOT YAAapHYIO BSI3KOCTH (eppuTa.
CootBercTBeHHO, heppuT ctanu 2 1pH -160°C SBIsSETCS XPYITKAM.

O06cy:kneHue pe3yJbTaToB padoThl

Ha puc. 3 npuBeneHbl gJaHHBIE MO YJIAPHOW BA3KOCTH cTaliek 3 U 4 TOM ke
CUCTEMBI JIETUPOBAHMS, TAaKUM JK€ COJEp)KaHUEM a30Ta, HO ¢ Oojee HU3KOU
KOHLIEHTpaluel HUKeNs U 0oJjiee BBICOKOW KOHUEHTparueil MonubdaeHa. Oco0o
BBICOKHI YPOBEHB XJIAIOCTOMKOCTH CTalH 1, Mo cpaBHEHUIO co cTaisimu 3 [15] u 4
[27] Ha puc. 3 MOXHO OOBSICHUTH: — BHIOOPOM XHMMHUUECKOTO COCTaBa C 0OoJiee
BBICOKMM COJIEPKAHUEM HUKEJA; — TEM 4YTO ObLI HCIOJIb30BAaH BBICOKOUYHMCTHIN
MeTal nocJie AIEKTPOLLIAKOBOTO neperiaBa (OLLIT);
U-o0pa3neiM, a He V-00pasHbiM Hagpe3oMm. Opanako, (opma Hazapesa, Kak
MoKa3aJiv uccieaoBanus [27] cranu 4 ¥ JaHHbIE HAIIUX UCCIEA0BaHMM [22] cTanu
2, MPaKTHUYECKH HE BJIMSET HA YPOBEHb YAAPHOM BSI3KOCTU ATUX MaTepUAIIOB.
Cranp 2 1€eMOHCTPUPYET, 10 CPABHEHUIO CO CBOUM Je()OPMHUPYEMBIM TPOTOTUIIOM
(cramp 1), HAcKOJNBKO CYIIECTBEHHBIM 0O0pa3oM BIHUSIOT Ha CIOCOOHOCTh
COMPOTHUBJIATHCA XPYIKOMY pa3pylICHUI0 TpPU TOHUKEHHBIX TeMIlepaTypax
CTPYKTYpHO-()a30BO€ COCTOSIHUE CTaJIM, €€ YUCTOTa U pa3mep 3epHa. CpaBHEHHE C
XJIAJOCTOMKOCTBIO cTalie 3 u 4 Ha puc.3 JaeT OCHOBAHUE 3aKIIOUYMUTh, YTO
o0OecrieueHUue BBICOKOW MPOYHOCTH, 3a cdeT Jjerupoanus 0,5-0,6% azorta u
00HOBPEMEHHO BBICOKOM XJIaJOCTOMKOCTH y AKOHOMHO JIETUPOBAaHHON HHUKeJeM
KOPPO3HUOHHOCTOMKOM CTall HEBO3MOXKHO. DTO OOYCIOBIEHO TEM, YTO €CJIU peyb
UJIET O PABHOBECHOW KOHIIEHTPALIMK a30Ta, TaKas CTallb JIOJKHA OBITh JIETMPOBaHA
MapraHileM, NOBBIIIAIONIMM PAacTBOPUMOCTh a30Ta, M TMPU ITOM, OJHAKO
CIIOCOOCTBYIOIIEM TMOBBIIICHUIO Temneparypbl Ipgr. BblOpanHbli Hamu OajaHC
koHneHtpanuit Cr, Mn, Ni, Mo, N npencrapnsieTcsi yAauHbIM Ui TOJYyYEHUS Y

U3YYEHHOH CTaliM Jake B CTPYKTYPHO HEOJarompusATHOM — JINTOM — COCTOSIHUU
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BBICOKOM yJapHOW BS3KOCTH MPU KIMMATHYECKUX TeMIIepaTypax, CYIIEeCTBEHHO
Oonee BBICOKOM, 4YeM Ta, 4To xapakrepusyer mnpu 20°C nureiliHble CTan
ayCTEHUTHOI'O KJlacca corjacHO cTtaHaapty P® Ha cranbHbie OTIMBKHU [29]. s
HUX JIONYCTUMBI 3HaueHus yaapHoil Ba3koctd KCU: gns cramu 07X17H16TJI 39
kJDx/eM’, st craneit 12X18HOTIL, 10X18H11BJI u 12X18HI2M3TII - 59 u mis
craiu 10X 18H9JT 98 kJlx/cm?.

Hedpopmupyemas cranb | B M3ydyeHHOM B JaHHOW paboTe CTPYKTYPHO-
$ba30BOM COCTOSHUM U JUTeHHas cTanb 2 xapaktepusytorcs npu +20°C
npeaenamu Tekydect 484 Mlla [18] u 403 MIla [20-22], 6osee yeM BaABOE Ooiee
BBICOKMMH, 4eM y He cojeprkammx azota Cr-Ni crasieid. [Ipu 3ToM BBICOKOTIPOYHAS
ayCTEHUTHAsl CTallb | MOXET paccMaTpUBaTbCS KakK MaTepHal KPHOTE€HHOU
TEXHUKH, a €¢ JINTCHHBIA BapHaHT CTajb 2 — KaK MaTepraj ayCTEHUTHOTO Kiacca,

XJIAJOCTOMKUI BO BCEM MHTEPBAJE KIIMMATUYECKUX TEMITEPATYP.

BriBOALI

1. U3yyena, 10 W3MEHEHUIO  YJIApHOM  BS3KOCTH,  pe3yjibTaTam
¢dpaxTorpaguueckoro, MUKPOCTPYKTYPHOTO W 3HEPTrOAMCIIEPCHOHHOTO aHajIu3a
xnagoctorkocTh ctanu 0,5X(21-22)ATI'15SH8M(1-2)D ¢ conepxkanuem azota 0,5%
B JBYX CTPYKTYPHBIX COCTOSIHUSIX: «CTallb |» — paBHOOCHBIE 3€pHa
NBOMHUKOBaHHOrO aycteHuTta (40-200 MkM, neOpMHPOBAHHBIA U OTOAOKEHHBIN
OIIII-Mertann); «cTajib 2» — JATOM METAJUI C 3€pHAMH ayCTEHHTa pazMepoM A0 2
MM, COJepXKalui Iociae omkura a0 ~9 % ocraroddoro jaenbTa-peppura
JEHIPUTHON MOGOJIOTHH.

2. Cranb 1 coxpanser yposers KCU> 500 [x/cm” B nuTepBaie ot +20 10 -
70°C. Pabora 3apoxJIeHusl TPEIIMHbI MPAKTUYECKH HE 3aBUCUT OT TEMIIEPATypbl
ucnbiTanus B uHTepBasie oT +20 no -196°C; cnajg 3HaueHuil paboThl pa3pylleHUs
npoucxonut Tnocne -/0°C, ompenensisi TeM caMbIM 3aBUCMMOCTh YIAapHOU
Bs3kocTu. Ee Tpgr = -175°C, aroii Temmeparype oTBedaeT ypoBenbr KCU=x270

Thx/em?.
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3. Jlutas cranp 2 xapakTepu3yeTcsl MIUPOKUM UHTEPBAJIOM BSI3KO-XPYIKOTO
nepexona, C Tpsr = -75°C, mpu koTopoit KCV = 120+10 Jlx/cm® = 1/2 0T ypoBHs
KCV npu +20°C. Ee ynapHas BA3KOCTb 3HAUYUTENIBHO MpeBbIacT ypoeHb KCU
npu +20°C, nonyckaemblid cranaaptoM P Ha oTiimBku u3 craneid 07X17HI6TJI
(39 Iix/em®), 12X18HITJI, 10X18H11BJI u 12X18H12M3TJI (59 Jix/cm?).

4. Ctaib B cOoCcTOSIHMSIX | W 2 HE CKIOHHAa K OOpa3oBaHUIO MapTEHCUTA
nehopMaIry ¥ OXJIKICHUS B 30HE 3apOXKICHUS M pOCTa TPEILMHBI [P YIAPHOM H3THOE.

5. B JIeHOpuTHBIX KpHCTAUIaX OCTATOYHOro O-peppura cTalid 2 MpH
UCTIIBITAHUSX Ha ynapHbid n3rud -160°C o0pa3yroTcst MHOTOUNCICHHBIE TPEIUHBL,
pacpOCTPaHSAIOMIUECS 110 MEXK3EPEHHBIM T'PAHULIAM JIMTOTO METaJlIA.

6. ConoctaBneHne JIUTEPATypHBIX M TIONYYEHHBIX B paboTe JaHHBIX
MOKa3bIBaCT, YTO Y SKOHOMHO JiernpoBaHHoU HukeneM (~3%) Cr-Mn-Ni-(Mo)-N
KOPPO3MOHHOCTOMKOW CTald  OOECIEeUeHHE BBICOKOM  XJIAJIOCTOMKOCTH U,
00HOB8peMeHHO, BBICOKOW TpoyHOCTH, 3a cuer JerupoBanus 0,5-0,6% azora
HEBO3MOXHO. BeiOpanubiii Oananc koHuentpauuit Cr, Mn, Ni, Mo, N B coctaBe
cTasii OOECIeYMBAaEeT €€ CBOMCTBA KaK Marepuana KpPUOT€HHOM TEXHUKHU
(cocrosuue 1) W Marepuana ayCTEHUTHOTO KJacca, XJIaJ0CTOMKOrO BO BCEM
HWHTEpBAJIC KIMMATUYECKUX TeMIepaTyp (JIMTOe COCTOSIHUE 2).

7. Beicokuii ypoBeHb yaapHOU Bsi3kocTu u3ydenHoi Cr-Mn-Ni-(Mo) cranu,
YIPOYHEHHOM a30TOM, OOYCJIOBIIEH KOHIIEHTpaIue Hukens 8%.

8. Paznmume B xmamoctoiikocth ctamu | w2 0O0YyCIIOBICHO: YHUCTOTOM
MeTalljia, pa3IuyueM B pa3Mepe 3epHa U YPOBHEM MPOYHOCTHU, HAJTUYUEM B CTAIIH 2
ocTatoyHoro d-hepputa AeHApUTHON Mopdomoruu. dopma Hazmpesa ciado BIUSET

Ha YPOBEHb yIapHOU BA3KOCTH CTAIHU B 000OMX COCTOSHUSX.

Paboma ewinonnena npu @unancosoii noooepcke Ilpesuouyma PAH 6
pamxax  Ilpoepammer  «Apxmukay  (1.5511, 2018 2) u Ilpoepammol
«llepcnekmusHvle QuU3UKO-XUMUYECKUE MEXHON02UU CHEYUATbHO20 HA3HAYEHUS»

(22116 2019 2.)
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YK 621.785.5:620.178

Pa3paboTka npoueccoB BAKYyMHOM TePpMHUYECKOM

U XHMHKO-TepMuYecKoii o0padorkun B PI'YII «kBUAM»

. 1
CeBasnpuén ['.C.

1 . .
Deoepanvroe 2ocydapcmeenHoe YHumapHoe npeonpusmue «Bcepoccuiickut
HAYYHO-UCCNIe008amenbCKUull uHCmMuUmym ABUAYUOHHDBIX mamepuanosy,

T'ocyoapcmeennulii nayunwiti yeump Poccuiickou @edepayuu (OI'VII « BUAM »)

Annomauus:

B pabome paccmompenvr cmanu npumensiemvie 0N U320MOBIEHUS.
MSHCETIOHACPYIHCEHHBIX — Oemainell, NPUHYUNbL Je2UPOBAHUsT U  MEXAHUIMbL
YNpoyHeHuss Oup@y3uoHHbIX Cl0e8 NPpU XUMUKO-MEPMUUECKOU U MepMUYEeCcKOll
obpabomke, a maxdce Gakmopwvl, yuumvieaemvie Npu pazpadomke perncuUMos
VIPOYHEHUs. npu 0bpabomke 6 ammocghepax HuzKko2o oasnenus 6 ycarosusax @I'VII
«BHAM ».

Knrouesuvie cnosa:

NPOYHOCMb, MENIOCMOUKOCIb, OUCNEPCUOHHOe MmEepOoeHuUe, ayCmeHUum,
Kapouovl, mapmencum, ynpouHeHue, 8axKyyMHAaAs YeMeHmayus, UOHHO-NIA3MEHHOe

asomupoesaHnue.

Bcepoccuiickas Hay4yHO-TeXHUYeCcKass KOHpepeHI s Ctpanuua 117



BbICOKOHpO‘-IHBIe CTalau 4Jjid aBPOKOCMH‘{CCKOﬁ TCXHUKHU U TCXHOJIOTUU UX NNPOU3BOACTBA

[TocTostHHO pacTymue TpeOOBaHMA K CBOWCTBAM KOHCTPYKIIMOHHBIX
MaTepUajoB MPU PA3BUTHH ABUAIIMOHHOM TEXHUKU HEM30EKHO NPUBOIAT K
CO3JaHUI0 HOBBIX CIUIABOB W  TEXHOJOTMM WX 00pabOTKM WIH K
MOAU(PUIIMPOBAHUIO Yxke uMmeronuxcs. B pamkax «CTparernueckux HarpaBiIeHUN
Pa3BUTHS MaTEpPUAJIOB U TEXHOJOTWH MX nepepadoTku Ha nepuona a0 2030 roma»
[1-4] omHMM W3 TEPCHCKTHBHBIX HAIPABICHHA B OOJIACTH MAaTEPHAJIOBEICHHUS
SBIISICTCS MOAU(PHUIIMPOBAHUE MOBEPXHOCTU BBICOKOMPOYHBIX KOHCTPYKIIMOHHBIX
CTaJled  METOJOM  XUMHUKO-TEPMUYECKOW  00pabOTKM  JUid  TOBBIILICHUS
HKCIUTYaTallMOHHBIX  XapaKTepUCTUK u3nenus. B pesynprate 00paboTKn
dbopmupyetcst AubPy3uOHHBIN CIIONH BHICOKOW TBEPJIOCTH, CIOCOOHBIN paboTaTh B
YCIIOBHSIX IUKJIIMYECKUX HArpy30K U HHTEHCUBHOI'O U3HAIIMBAHUA [J].

JUist MaTepuanoB, UCHOJIb3YEMbIX B AaBUALIMOHHON TEXHHKE, IPEIbBIACTCS
BBICOKUI YPOBEHb TPEOOBAHUI M MIOMUMO CONIPOTUBIIEHUS BBICOKUM LIMKIMYECKUM
M W3HAIIMBAIOLIMM  Harpy3kaM CTajJb  JIOJDKHAa  00jafaTb  BBICOKOM
TEIJIOCTOMKOCTBIO ISl BO3MOKHOCTH KPaTKOBPEMEHHOW pabOoThl B YCIOBHAX
skcTpeMaibHbix Temmepatyp (350-500°C). Y oBneTBOpUTh TaHHOMY KOMILIEKCY
TpeOOBaHMUI CIOCOOHBI KOMITJIEKCHO-JIETHPOBAHHbBIE KOHCTPYKIIMOHHBIE CTaJIH.

[IpoOneMa MOBBILIEHUS TEIUVIOCTOMKOCTH Marepuana 3yOuyaThiX KOJecC
BO3HMKJIA BIEpPBBIE B cepeauHe 60-x rofoB, KOrja Ha IHMOBEPXHOCTH KOHTAaKTa
3yObEB LIECTEPEH PEAYKTOpA JBUTATENs], padOTaBIIMX MPU OOILIEH TeMIepaType He
Boiie 110°C, Obitu 0OHApYKEHBI CTPYKTYPHBIC M3MEHEHUSI BO3HUKAIOIIUE TPHU
HarpeBe netanu Bo Bpemsi ormycka npu 300°C. OcoOwlii MHTEpEC K JaHHOMN
npo0semMe BO3HUK MPH 3KCIUTyaTallid CBEPX3BYKOBBIX JIETATENIbHBIX aIIapaToB, B
KOTOPBIX OOIIMN HarpeB 3yOuYaThIX KOJIEC M3 BBICOKOHHMKEJIEBBIX LEMEHTYEMBbIX
craneit 12X2H4A n 18X2H4BA cran npessimiats Temmeparypy 200°C, yto Bbie
TeMIlepaTypbl KOHEUHOM 00pabOTKM (HU3KOIO OTIYCKa) TAaHHBIX CTajeH.

KiroueBbIM ~ MOMEHTOM  JiJIi  TOJYYEHUS BBICOKOM  TBEPAOCTH H
TEIUIOCTOMKOCTH ABJISIETCSA nojo0paHHas cucreMa JIETUPOBAHUSA

KOHCTPYKUMOHHBIX cTajei. Hamnmune cuinbHBIX KapOua000pa3yomx 3IeMEHTOB B
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cramu (Cr, W, Mo, V, Nb) npu xumuko-trepmuyeckoir o06pabotrke (XTO)
CTUMYJIMPYET paHHee 00pa3oBaHKe KapOUI0B HA MOBEPXHOCTH M CHIKACT MPEe
pacTBOPUMOCTHA  yTJiiepojla B  aycTeHuTe. BapbupoBaHue cojep:kaHueM
OCTaTOYHOTO AYCTEHHUTA IMO3BOJSET MOJIy4YaTh CTAIA C PA3IUYHBIM MEXaHHU3MOM
ynpounenusi mnoBepxHoctu Tmocine XTO. Tak cramu ¢  MapTEHCUTHBIM
ynpouneHueM auddysuonHoro cios Takue, Tak 12X2H4A, 18X2H4BA,
20X3M®A, BKC7-1II moce moaHoro muKjia YIpoUHSIOeH 00padboTku 001a1atoT
HU3KOHM TertocTorkocThio (1o 200°C).

[ToBblllIeHHE B CTPYKTYpE CJIOS OCTATOYHOIO AYCTEHHTa M IPOBEICHUE
MOCJEAYIONIEH TepMUUYECKON 00padOTKU € 3aKIFOYUTEIBLHBIM BBICOKMM OTITYCKOM
MO3BOJISIIOT ~ MMOJy4aTh  HEOOXOJMMBIH  KOMIUIEKC ~ CBOMCTB  Oyarojaps
JIMCTIEPCUOHHO-KapOUIHOMY YNpoyHeHUI0 Iuddy3rnoHHoro cios. B pesynbTare
npoBefieHHbIX uccienoBanuii B OI'YII «BUAM» Obutn co3gaHbl KOMIUIEKCHO-
JerupoBaHHble Teraoctoikue cranu Mapok BKC-4, BKC10-11I u ee moguduxaius
BKC10-VY1II, a Takxe HoBast mapka BKC-15.

B 60 u 70-x rogax XX Beka Takke OCTPO CTOsjIa mpodiieMa ¢ pa3padoTKOM
MPOIIECCOB XMMHUKO-TEPMHUECKON U TepMHUECKOor 00paboTku. M3-3a crmokHOCTH
peryJMpoBaHUs YIIEPOIHOTO MOTEHIIMANIA TIPU HACBIIICHUHU B KUIKOM U TBEPIAOM
kapOropuzaropax wunu mposeaeHuss XTO B cpeae dSHIOraza NPHUBOAUIO K
MEPECHINIEHUIO TOBEPXHOCTHOTO CJIOST YIAEpoaoM U (OPMUPOBAHUIO XPYHKOU
KapOUIHOW CEeTKH IO TpaHuliaM 3epeH. OO0pa3oBaHUE OKAIMHBI IPU TEPMUUYECKON
00paboTke 00yCIaBIMBAIO TIOCTOSHHYIO HEOOXOIMMOCTh BHECEHHUS B UEPTEKH
MPUITYCKOB [T TIOCJICAYIONMIE MEXaHMYEeCKOM OOpadOTKH, YTO TMOBBIIIAJIO
TPYIAOEMKOCTh mponecca. OAHAKO COBEPIICHCTBOBAHUE TEXHOJOTHYECKOTO
0o00Opy/1I0BaHUsI TO3BOJIUJIO MPOBOAUTH TMPOILECCHI TEPMUUYECKOM W XHMHUKO-
TepMUUECKO 00paboTKU B aTMOcdepax HU3KOTO JaBJieHUs (B BaKyyMe).

AKTUBHOE pPa3BUTHE IMPOIECCOB HACHIIICHUS MOBEPXHOCTH YIIIEPOJIOM H
a30TOM B arMocdepax HHU3KOro JaBJICHUS MOBBICWIO 3(PQGEKTUBHOCTD

TEXHOJIOTHYECKOTO TIPoIecca XUMHUKO-TEPMHUYECKON OOpabOTKM M Ka4eCTBO
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KOHEYHBIX wu3nenui. g pa3paboTKu PEKUMOB XHWMHUKO-TEPMHUYECKOW U

tepmuueckoil B OI'YII «BUAM)» BBeneHa B 3KCIUIyaTalUWI0 BaKyymMHas IM€4b

MonoTherm HK.446.VC.10.gr (ALD, I'epmanus) (puc.l).

Puc. 1 — YcranoBka 1 BaKyyMHONH XUMUKO-TEPMUYECKON M TEPMUYECKOH 00pabOTKH

®opmupoBanue AUPPY3MOHHBIX CIOEB B IMPOLECCE XUMHUKO-TEPMUYECKON
00paboTKe CTabHBIX AETajeH NenuTCsa Ha 3 CTaJaHH:

— JMCCOLMAlliA — pachajJ MOJEKyJ HachIIalolend cpeasl ¢ 00pa3oBaHUEM
aKTUBHBIX aTOMOB ATU(PPYHIUPYIOUIETO dIIEMEHTA,

— ajcopOnmsi — KOHTaKTUPOBaHHWE aToMOB IUGGYHAUPYIOMIETO JJeMEHTa C
MOBEPXHOCTHI0O M 00pa30BaHHWE XHMHUYECKUX M (PU3NYECKUX CBS3EM ¢ aTroMamMu
MeTasia;

— nuPy3ust — IPOHMKHOBEHHE HACHIILAIOIIETO 3JIEMEHTa BriyOb MeTalla.

Ocoboe BHHMMaHHME MpU pa3padOTKE BaKYyMHBIX MPOIECCOB XHMMKO-
TEPMUUECKON 00pabOTKH yaenseTcs MoadOpy COOTHOIICHHM CTaIuii aKTMBHOIO
HaChIIIEHUsT U AU(Py3MOHHOrO pacmpepesieHus] HachIaomero siemeHta. Ha
pHUCYHKe 2 TipeACcTaBiIeHbl MUKPOCTPYKTYpHI cTaneit 16 X2H3MODBAIO-II (BKC7-
) u 16X2H3M®OBAIO-1II (BKC10-11I) nocne BakyyMHOU 1leMeHTaluu. [{aHHbie

cTalin AKTHUBHO HCIIOJIB3YIOTCA B IMPpOU3BOACTBC JJIA HU3TrOTOBJICHUA
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TSDKEJIOHATPY>KEHHBIX 3y04aThiX Kojec U mectepeH. Juddy3noHHslii cnoil cranu
BKC7-1II nocne BakyyMHONW XUMHKO-TEPMHYECKONH OOpaOOTKU YIPOUHSIETCS IO
MapTEHCUTHOMY MEXaHu3My U oOjagaeT HM3KOM TeruioctoiikocTeio (10 200°C),
BKCIO-II' — no wmexaHW3My JUCIEPCHOHHOTO TBEPIECHHUS C BBICOKOU
temnocToiikocthio (o 500°C) [6]. IIpu mpoBeneHuu mnpouecca, COIEPIKAIIETO
TOJIBKO CTaJIMI0 aKTUBHOTO HachkllieHus (puc. 2 a, 0), GopMHUpyeTCsl CTPYKTypa ¢
BBICOKOM JIOJIeH OCTATOYHOTO AayCTeHHWTa W3-3a OBICTPOTO TMEPECHIMCHUS
ayCTEHUTHOW MATPUIIBI YIJIEPOJAOM U 00pa3oBaHus U30BITOUHON KapOUTHOM (hasbl.
Beeaenne B mporecc craguu auddy3uoHHOTO pacnpeneneHus (puc. 2 B, T)
MO3BOJIIET MNOJY4YUTh AUDPy3uOHHBIE CJIOM TpeOyeMOoW MPOTIKEHHOCTH U
COOTHOIIIEHHEM CTPYKTYPHBIX COCTaBIISIONIMX MapTEHCHUTA, AayCTEHUTa W
n30bITOUHBIX (a3. Pacmpenenenue MuxkporBepaocTd (puc. 3) 1O TOJIIUHE
Tu(pPy3MOHHOTO  CJIOST TaKK€ CBHUJAETEIBCTBYET O PA3JIUMYHOW KUHETUKE
HACBHIMIEHUsT W (GOPMHUPOBAHUSA CTPYKTYPHBIX COCTaBIAIONIMX Y CTajlel cC
Pa3IMYHBIM MEXAHU3MOM YIIPOYHEHUS TIOBEPXHOCTH.

[uknuuecknil pexuM, COAECpKAIMUKA CTaJuM AKTUBHOTO HACBHIICHUS |
muhPy3MOHHOTO — pacrpenesieHus, sBiseTca Haubonee dSOPEKTUBHBIM TNpU
MPOBEJCHUN XHUMHKO-TEPMUUYECKOM O00pabOTKM Ha TOTOBBIX H3ACIUSIX IS
MOJIYYeHHS] HEOOXOIMMOT0 KOMITJIEKCA IKCIUTyaTaI[MOHHBIX CBOMCTB.

OcoOEHHOCThIO MPOBEJICHUS MPOIECCOB XUMHUKO-TEPMUYECKONH 00pabOoTKU
ABJISIETCA BBICOKAsi BOCIPOU3BOJAMMOCTh MOJIYYEHHBIX pe3yJbTatoB. C MOMOIIBIO
JTAHHBIX O (POPMUPOBAHUM TOMIIMH AU(DY3UOHHBIX CIIOEB N B 3aBUCHMOCTH OT
oOIlIer0 BpPEMEHU HACBIIMICHUS! BBIYUCISIIOTCS KUHETHYECKHE KOA((DUITUEHTHI,
HEOOXOAMMBIC ISl TallbHEUINEro MPOTHO3UPOBAHUS PE3YIHTATOB MOCIEAYIOIINX
XTO B COOTBETCTBUHU C YPABHEHUEM:

h = kvT, (1)
riae K — kuaetnyeckuit ko3GdUIMeHT, 3aBucsImii ot Ko3dduuuenra auddys3un, v

— o01ee BpeMsi HaChIIICHHSI.

Bcepoccuiickass Hay4YHO-TeXHU4YeCKash KOHepeHLUs Ctpanuna 121



BBICOKOHpO‘-IHLIe CTaJlin JJIsd aBPOKOCMquCKOﬁ TCXHUKHU U TCXHOJIOTUU UX NNPOU3BOACTBA

Puc. 2 — Mukpoctpykrypa craneit BKC7-11I (a, B) u BKC10-11I (6, r) noce:
a, 0 — cTaJM aKTUBHOTO HACBIILEHUS; B, T — CTQJAUH aKTUBHOT'O HACBHIILIEHUS
u nu¢dysnonHoro pacnpeaeneHus x500
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Paccrosinne oT moBepxHoOCTH, MM

o

Puc. 3 — Pacnipenenenmne MUKpOTBEPAOCTH 1O TOMMHUHE TU(PPY3HOHHOTO CIIOS CTAICH
BKC7-1I (1,3) u BKC10-11I (2,4) mocne: 1, 2 — cTaanu akKTHBHOT'O HACBILICHUS;
3, 4 — cTaguu aKTUBHOTO HACKIIECHUS U TU(PPY3HOHHOTO pactpe/IeIICHUs
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Ha pucynke 4 mnpexacraBieHsl rpadukd KUHETUKA HACBHIICHUS MIPH
BakyymHo# nemeHtanuu ctaieit BKC7-11 u BKC10-11I. ®opmupoBanue rpaduka
napaboIMYecKo 3aBUCUMOCTH CBUJIETEILCTBYET O MexaHu3Me AU HYy3MOHHOTO

MaccoIepeHoca yriaepoa.

a)
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0.8 —
A ol
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¢ dekTUBHAS TOJUIUHA CJI05,

0 1 2 3 4 5 6
OO011ee BpeMsi HACBIIEHUS, Y

Puc. 4 — Kunetndeckue kpuBbie 3aBUCUMOCTH (hopMHUpOBaHUs TU(PPY3HOHHOTO CIIOS
OT BPEMEHH HACBIIIEHUS IPU [IEMEHTAIINH B CTAJIH:

a) BKC7-11I; 6) BKC10-11I

[To pe3ynbTaTaM HCCIIEIOBATEIbCKUX pPa0OT, BBINOJHEHHBIX COBMECTHO C
OIHMM W3 Beayuux yHuBepcuTeToB crpanel MI'TY wum. H.D. baymana,
OI'VIT «BUAM» Obutn pa3paboTaHbl pexkuMbl TU(PGY3MOHHOTO HACBIIICHUS
KOHCTPYKIITMOHHBIX cTaneiu METO/IaMU BaKyyMHOM LIEMEHTallUH,

HUTPOUCMCHTAIINH, a TaKXKC HOHHO-IIJIa3BMCHHOI'O a30TUPOBAHMA,
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oOecreynBaroIe He0OX0IMMbIN KOMILIEKC CBOMCTB JIJISl U3TOTOBJICHHS 3y0UaThIX
KOJIEC PEIYKTOPOB ra30TypOMHHBIX ABUTATENCH [7].

ITomumo obecrieueHuss TpeOyeMmbIX TOMMIUH AU(POY3UOHHBIX CJIOEB U
CBOMCTB  TSKEJIOHArpyKEHHBIX  TMOBEPXHOCTEH, HEOOXOJWMO  MPOBOJIUTH
pa3pabOTKy ¥ ONTUMHU3AIMIO TEXHOJOTHH TEPMHUIECKON 00paboTKH B aTMOcdepax
HU3KOTO JIABJICHUS JJIs1 TIOJy4YEHHUsI BBICOKOTO YPOBHSI MEXaHUYECKUX CBOMCTB. [1o
CPaBHEHHUIO C MPOLIECCOM OXJKICHHUS JeTalied B BOAY WMJIU B MAaclo, 3aKajika
U3JIeTUi B TOTOKE Ta3a BBICOKO JaBJICHHS OO0JaJaeT MEHbBIIEH OXJIaXKIarolen
CIIOCOOHOCTh. B CBSI3M € 3TUM HU3KOJETUPOBAHHBIE KOHCTPYKIIMOHHBIE CTaJH
00J1a1af0T MEHBIIIEH MPOKATMBAEMOCTBIO MIIM BOBCE HE 3aKAJIMBAIOTCS B BaKyyMe,
YTO HAKJIAJBIBAET OTPAaHUYCHHS MPU MPOBEACHUM TEXHOJOTMYECKOTO IMpoliecca
JUISL CTaliel pa3uyHbIX KiaccoB. OMHAKO TMPEUMYIIECTBOM SIBIISCTCS TO, YTO
NPOBEJCHUE TMpoIlecca TePMHUUECKOH 0OpaboTKM B BakyymMe C MOCIEAYIOIEH
3aKajJKOM B TMOTOKE ra3a BBICOKOI'O JIABJICHHS IO3BOJISIET CHU3HUTH KOPOOJICHHE
JeTanei, TOJYyYUTh YHCTYIO TIOBEPXHOCTh 0€3 OKHCICHHS W OIHOPOIHOCTH
CBOMCTB I10 CEUYECHMIO JCTaJIECH.

Heorhemnemoli  yacThio  pa3pabOTKHM  TEXHOJOTHYECKOTO  Ipoliecca
TEPMUYECKON 00pabOTKM B BaKyyMe SBISICTCS NPOTHO3UPOBAHHE ITOBEICHUS
JeTanel B yCIOBUAX OXJaxpaaromed atmocdepsl. [lyrem MopenupoBaHus
TEXHOJIOTHYECKNX TPOIECCOB C pPacyeTOM MOJCICH METOJOM KOHEYHBIX
SJIEMECHTOB B COBPEMCHHBIX MPOTPAMMHBIX KOMIUIEKCax TakuX, kak Qform u
ANSYS, B OI'VII «BUAM» npoBoAsT OIIEHKY KOPOOJIEHUS JIeTajeil Mpu 3aKaake
B MOTOKE a30Ta BBICOKOTO AaBiieHUs. JIJis 3TOTO CO3MaeTCs KOHEYHO-3JIEMEHTHAs
MojAenb Ha 0a3e pealbHOM JeTaid, 3aJaloTCd TPaHUYHBIE YCIOBHS U
MPUKJIAABIBAIOTCS TEINIOBBIE W MEXaHWYCCKHE HArpy3kdH B 3aBHCHMOCTH OT
yciioBuid 00paboTku m3nenus. Ha pucyHKe 5 mpencTaBiieHbl MPUMEPhI PacueToB
U3MEHEHHUSI pa3MepoB W (GOPMHPOBAHUS OCTATOYHBIX HANPSDKCHWM JHUCTa
(puc. 5a,06) u npyrtka (puc. 5B,r) W3 KOHCTPYKIIMOHHOM CTajdu MpHU 3aKajiKe B

MOTOKE a30Ta MpH JaBJICHUH 6 Oap.
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a) 0)

A ¥
w B Stitian) /4‘ § " e s u’é
[ Eem—— E— 2
st .

Puc. 5 — MogaenupoBaHue npoliecca BAKYyMHOMH 3aKalIki B IOTOKe a30Ta MoJy(hadpuKaToB
13 KOHCTPYKIIMOHHOM CTanu: a, O — JINCT; B, T — MPYTOK
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YK 621.791
CBapka BBICOKONPOYHOIl KOPPO3MOHHOCTOMKOH cTaqu BHC-72

IMaprykos JL. %, k.¢.-m.1.; KoBanpuyk B.I". %;
Xomakosa E.A. 1; [Tomos K.H.1!

1 . .
Deoepanvroe 2ocydapcmeenHoe YHumapHoe npeonpusmue «Bcepoccuiickut
HAYYHO-UCCNIe008amenbCKUull uHCmMuUmym ABUAYUOHHDBIX mamepuanosy,

T'ocyoapcmeennulii nayunwiti yeump Poccuiickou @edepayuu (OI'VII « BUAM »)

Annomauus:

Cmanve BHC-72 neeuposana coémecmHo y2iepooom U a3omom u umeem
npeumMywecmeo  nepeo  yeaepoocooepucaujuMy  CMAisiMu — No  KOMNJIEKCY
MeXaHu4eckux u KopposuouHulx ceoticme. Ceaphvie y3ivl u3 cmanu BHC-T2
NPUMEHSAIOMCA NOCe NOJIHOU MepMU4eckol 00pabomru coeouHeHull.

Buvibopaner pedxcumvl  21eKMPOHHO-TY4EB0U, ABMOMAMUYUECKOU U PYYHOLU
apeoHo0y20801  c8apKku Kopposuonwocmouxou cmanu BHC-72, npucadoynvie
mamepuansl, UCCIEO008aHbI MEXHONI02UYecKUe, MexanuuecKue Cceoucmed u
CMPYKMYpbl C6APHLIX COCOUHEHUU.

Knrwoueswie cnosa:

apeono-0y208as  c6apka,  INEKMPOHHO-TYUEB8ds  C8ApPKA,  CEAPHblE
CcOeOuHeHusl, mepmuyeckas obpabomka, NPOYHOCMb, VOAPHAs  BA3KOCHb,

KOPPO3UOHHAA CMOUKOCMb.
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BricokompouHble CTaau MNPUMEHSIOT B KOHCTPYKIHMSX aBHAKOCMHUYECKOM
TEXHUKH, TJE€ BaXXHO yMeHblIIeHHWE Maccbl. OcCHOBHBIE  TpeOOBaHUS,
NpEeAbIBISIEMbIE K CTaJIsIM TaKOTO THUIA, CBOJATCA K CJIEAYIOIIMM: HeoOXoaumas
MPOYHOCTh, JIOCTaTOYHAs IUIACTUYHOCTh, XOpolIas  yJnapHas  BS3KOCTb,
NOBBIIICHHAs yCTAJIOCTHAs IPOYHOCTh, XOpOIIas CBapUBaEMOCTb, a JJIA
KOPPO3HMOHHOCTOMKOM CTalli — BBICOKAsi KOPPO3UOHHASI CTOMKOCTb.

Omaum u3 Haubonee SOPEKTUBHBIX TMyTEH MOBBIMICHUS MPOYHOCTH
KOPPO3HMOHHOCTOMKOM CTallM SIBJISIETCA HCIIONB30BAHWE B KAadyeCTBE OCHOBHOTO
JIETUPYIOLIETrO AJIEMEHTA a30Ta, CIOCOOHOIO MOJIHOCThIO MJIM YACTUYHO 3aMEHUTH
B 3Tux ctajsx Ni, Cu, Mo, Mn, mockoyibky OH 001aJlaeT CHILHOW CIIOCOOHOCTBIO
CTaOMJIM3UPOBATh AYCTEHUT, MPEBOCXOAMUT JPYTU€ JIETUPYIOLIUE 3JIEMEHTHI 10
YIOPOUHSIIONIEH CTOCOOHOCTH U OTINYAETCS HU3KOW CTOMMOCTBIO. B CBsI3u ¢ 3TUM,
aKTyaJIbHOW SIBJISIETCSl pa3pabOTKa HOBOTO IMOKOJEHUS YKOHOMHO JIETMPOBAaHHBIX
CHENUAIBHBIX A30TOCOJACPXKAINX CTaJIeH, B TOM YHUCJIE CO CBEPXPaBHOBECHBIM
cojeprkanuem azora /1,2/.

BUAM coBmectHo ¢ UMET wum. A.A. baiitkoBa PAH pa3paGotana
Koppo3uoHHocToMKas ctainb 15X15H4I'AM (BHC-72) nepexoaHoro (ayCTeHUTHO-
MapTeHCUTHOTO) Kiacca ¢ 0,=1700-1750 MIla, ¢ coxmepxaHueM a3oTa,
MPEBBIIAIONIEM PABHOBECHOE, SABJISIIONIASCS MEPCHEKTUBHBIM MAaTEpPUATIOM s
BBICOKOHATPY>KEHHBIX CBapPHBIX KOHCTPYKIIHIA.

HccnenoBanus MpoBOIMIIM Ha MPECCOBAHHBIX MpyTKax ceueHuem 150x150
MM, Ha TOpAYEKATAHBIX JIUCTaX TOJIIMHON 5,0 MM M XOJOJHOKATaHBIX JIUCTAX
TOJIIHUHON 1,5 MM.

Yacts npyTtka ceuyenueM 150x150 MM KOBasiM Ha CyTYHKH, IPOKaThIBAJIA Ha
JUCTBI TOMMMUHON 16 MM 1 3 MM. JIMCT TOMIIMHON 3 MM pe3aju Ha 3arOTOBKHU JJIA
UCCJIEIOBAHUSI CTOMKOCTH MPOTUB OOpa30BaHUsI TOPSUMX TPEIIMH U HA «JIAIIIY»
st cBapku. Ha 3aroroBkax TommuHONW 16 MM MexaHWMYecKu o0OpadaThiBaIU
KpoMmku noJi cBapky (U-oOpa3Has pasjeinika), cBapUBaIM PYYHOU aproHOyTOBOM

CBapKOﬁ C MnpuCaaO04YHbIMM MaTCpruajaMu Jid HCCIICAOBAHUA MCXaHHYCCKHX
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CBOMCTB, KOPPO3HUOHHOW CTOMKOCTM M CTPYKTYypbl. B KauecTBe mnpucagouHbIX
MatepuanoB mia cBapku ctaid BHC-72 BpIOpaHbl IPOMBIIUIEHHBIE CBApOYHbBIE
npoBojioku CB-06X13H6M4K8b (OK43), C-08X14H7KBM, CB-09X14H8M2
(DI1509), a Taxke «iamma» u3 cramu 15X15H4T'AM (BHC-72).

JIig cBapku TOpsilYEKaTaHbIX JIMCTOB TOMIMHON 5,0 MM BhIOpaHa pydHas
aproHoAyroBas cBapka ¢ npucagounbiM MarepuasioM C-08X14H7KBM. Kpomku
3ar0TOBOK MEXaHWYECKU 00pabaThIBaH MO JJIMHHOMY Kparo C IByX CTOPOH.

XO0JIOJHOKATaHbIE€ JINCTHI, TONMHUHON 1,5 MM, cBapuBaIuM aBTOMAaTH4ECKOU
aproHOAYTrOBOM CBapKoi 0€3 UCO0Ib30BaHUs MPUCAT0OYHOIO MaTepuaa.

JIuctel ToMmmmHOM 1,5 M 5,0 MM TakKe CBapuBadM SJICKTPOHHOIYYEBOMU
CBApPKOM.

HcnbiTaHuss Ha CTOMKOCTh NPOTUB O0pa3oBaHUs TIOpPSYUX TPEIIMH
npoBoguian mo meroauke JITII1-6, mpu koTopoit medopmarius 0Opas3IoB B
Ipoliecce CBapKud IIPOU3BOAMTCS PACTSKEHHEM MeTala IiBa. B kadecTBe
KpUTEpHUSI MCIOJB3YETCS MaKCUMallbHasi (KpUTHUYECKas) CKOPOCTh nedopmanuu
Vp, IPH KOTOPOH B 00pasLe He oOpa3yeTcs TpemuHa. PexyuM cBapKh: TOK CBapKH
—150-160 A, ckopocTtb cBapku — 12 m/4, pacxos aprona — 8-9 ji/mMuH.

CapHble 00pa3lpl TEPMHUECKH 00padaThiBAIM 1O PEKUMY OCHOBHOTO
MaTepuaia: 3aKaika, 00paboTKa X0J0JI0M, HU3KHUH OTITYCK.

HccnenoBanbl XapaKTEPUCTUKU MPOYHOCTU NIPH KOMHATHOM TeMIEpaType u
yAapHOU BSI3KOCTH Ipu Temrieparypax +20 u -70°C.

CTpyKTypHBIE HMCCIIEIOBAaHUS CBAPHBIX COEAMHEHWI MPOBOAMIN METOJ0M
MeTauiorpaguu ¢ MmoMoIipio ontudeckoro mukpockoma Olympus GX51. [ns
BBISIBJICHUS CTPYKTYPbl HCIIOJB30BAJIM JJIEKTPOIUTHUYECKU MeTox B 10%-
pacTBOpE MIABEJICBOM KUCIIOTHI.

UccnenoBana CKIOHHOCTh  CBapHbIX coenuHeHuit cranu  BHC-72,
BBIIIOJIHEHHBIX APrOHOAYTOBOM CBapKOM C NPHUCATOYHBIMH MaTepuaiamu, K

KOPPO3HMOHHOMY PpaCTPCCKUBAHHUIO B KaMCpE COJILIHOIO TyMadHa, a TakKXE B
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YCIOBUSIX ~ yMEpeHHOoro  Mopckoro  kinumara  (I'eneHDKUKCKUM  IeHTp
KIIMMAaTHYECKUX UCTIBITaHuK uM. [.B. AkuMoBa) Tpu NPUIIOKCHHOM HaIPSHKECHUH.

WcnbiTanust Ha CTOMKOCTh MPOTUB 00pa30BaHUS TOPSYMX TPEIIUH CBAPHBIX
COCJIMHEHUN TIOKa3aJld BBICOKUH YPOBEHb KPUTHUECKOW CKOpOCTH AehopMaiivu
(Vps MM/MFH) B npouecce CBapKH c MIPUCATKAMMU:
CB-06X13H6M4KS8b (OK43) - 7,2; CB-08X14H7KBM - 6,8; CB-09X14H8M?2
(BI1509) - 6,2; 15X15H4T'AM (BHC72) — 6,2.

WcnbiTanusi Ha pacTsHk€HHWE TpU KOMHATHOM TEMIIepaType CBapHBIX
oOpasuoB ¢ npucaakamu CB-06X13H6M4K8b (9K43), Ce-08X14H7KBM u Cs-
09X14H8M2 (DII509) moxkazanm CpegHUE 3HA4YEHUS KPAaTKOBPEMEHHOMN
MPOYHOCTH - G, —1135-1290 MlIla, uto cocrasiser 0,67 — 0,76 OT MPOYHOCTHU
OCHOBHOTO Marepuasia (kodpduimeHT ociabiaenus cBapko K=6.,./Co;
Oon=1700 MIla). HcneiTanuss Ha yJapHbld HW3rMO0 CBapHBIX O00pa3LoOB C
yKa3aHHBIMHM TPUCATKAMH TPU KOMHATHOW TEMIlepaType MOKa3ad BBICOKUE
3HAYEHHS YJIAPHOU BS3KOCTH - KCV+20mOB=70—120 I[)K/CMZ. Ucneitanus npu
temriepatype -/0°C BBIABWIM HE3HAYUTEIBHOE CHIDKEHHWE 3HAYCHHM YIapHOU
BSI3KOCTH [0 CpPAaBHEHHUIO CO 3HAYEHUSIMH, NodydyeHHbIMH Tipu +20°C -
KCVv™ ,=65-105 J1>I</CM2. Pazpyiiennsie 00pa3iibl UMEIU BS3KUE H3JIOMBI C
IUPOKUMH OOKOBBIMHU y4aCcTKaMH Cpe3a.

[Ipumenenue mnpucaaku u3 cramu 15X15H4I'AM (BHC-72) mo3Bonuiio
MOJIYYUTh 00Jiee BBICOKYIO MPOYHOCTh CBAPHBIX COEAMHEHUN - G, =1410-
1505 MIla, uro cocraBiuser 0,83—0,89 oT IpPOYHOCTH CTAJIH.

[Tpu ncronb30BaHNUN MPUCATKA U3 OCHOBHOTO MaTepHuaia ynapHas BI3KOCTh
00pa3IloB HIKE, YEM MPHU UCIIOJIH30BAHUHU MTPOMBIIIIICHHBIX CBAPOYHBIX TIPOBOJIOK,
HO HWMEET YJIOBJICTBOPHTEIIbHBIC 3HAUCHHUS KaK MPH KOMHATHOW TeMmIepaTrype -
KCV*®,,,=55-60 Jx/cM®, Tak ¥ TIpH OTpHLATEeNbHOH Temmeparype - KCV'
0 .=40-50 I[)K/CMZ, M JIOCTaTOYHO BSI3KHE H3JIOMBI, 32 UCKIIFOUCHUEM BapHaHTa

-70 2
CBapKH C MOBBIIICHHBIM TerIoBnokeHnem - KCV ™', ,= 20 JIx/cm”.
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Wcnbitanust o0pa3ioB Mo JIMHUM CIUJIABJICHUS! BBISIBUIM OJHM3KHE 3HAUCHUS
yIapHOU BSI3KOCTH U 00Jiee BBICOKHE, YEM TI0 CBAPHOMY IIBY, IIPU UCIIOIb30BAHUN
BCEX MPUCAIOK 32 UCKIIIOUEHUEM Tipucaaku JK43

HccnenoBansl CTPYKTYyphl cBapHbIX coeanHenuil ctanu BHC-72 TommuHon
16 MM, BBIIOJHEHHBIE APrOHOIYTOBOM CBapKOW C MPHUCAJT0YHBIMH MaTEpHaAIaMH, B
TOM 4Hcie ¢ mnojaBapkoil. CTpyKTypa CBapHBIX IIIBOB TIIOCII€ CBapku 0e3
YOPOYHSIOWIEH TEPMOOOPAOOTKH - ayCTEHUTHO-MApTEHCHTHAs C KapOugaMu IO
IPaHUIAM ayCTEHUTHBIX KPUCTAIIIIOB

[locne ympouHsomied TEepMOOOPaOOTKH CTPYKTypa CBapHBIX IIIBOB
MAapTEHCHUTHAsI C HEKOTOPBIM KOJWYECTBOM ayCTEHUTA, KOTOPOM COOTBETCTBYIOT
MOJYYECHHbIE 3HAUYEHHS TMPOYHOCTH CBApHBIX COEAMHEHUW. B 30He mnoaBapku
CTPYKTypa OJHOPOAHAs, TUCTIEPCHAs, 1€(PEKThl OTCYTCTBYIOT.

[Ipn ncnonp3oBannu npucanky u3 cranu BHC-72 B HUKHEN 4acTh CBapHBIX
IIBOB B COCTOSTHUM 0€3 TEepMHUYECKON 00paOOTKM HaOJI0AI0TCS 3HAYUTEIIbHbBIC
BBIJICICHUST KAapOWAOB IO TpaHHUIAM KPUCTAJUIMTOB BCJIEACTBUE HArpeBa
HIDKEJIeXKallluX CJI0eB Mpu cBapke nocieayromux. [locne repmuueckoit o0padboTku
BBIJICJICHUS OTCYTCTBYIOT B CBSI3U C PACTBOPEHUEM MPH TEMIEPAType 3aKaJIKH.

[IpoBeneHHBIE HCCIIENOBAHMS CKIOHHOCTH CBAapHBIX COEAWUHEHWUN CTalln
BHC-72, BbIOJIHEHHBIX aprOHOIYTOBOI CBAPKOM C MPUCAAOYHBIMUA MaTepraiamMH,
B TOM YHCJIE C MOABAPKOM 10 CBAPHOMY IIBY, K KOPPO3MOHHOMY PAaCTPECKUBAHUIO
B KaMepe COJITHOTO TyMaHa C MPWIOKEHHbIM HamnpsbkeHueM 980 MlIla B Teuenue
6 MecdAleB, a TAKXKE B YCIOBHSIX YMEPEHHOTO MOPCKOrO KiIMMaTa IOKa3ald
OTCYTCTBHE KOPPO3HUOHHBIX MOBPEKICHUM.

JIuctel ctanu BHC-72, Tonmmuuoi 1,5 u 5,0 MM, NOABEPTrHYTHI OTKUTY U
pe3Ke Ha TMIILOTUHHBIX HOKHHUIIAX JJISI 3aTOTOBOK MOJ CBapku. KpoMKH 3aroToBok
MEXaHUYECKH oOpabaThIBaiud MO UIMHHOMY Kparo. B kauecTBe mNpucagodHOro
Marepuaiia JJsi Py4YHOW aproHOJyroBOM CBapKu JHCTOB TOJIIUHOW 5,0 MM

BbIOpaHa ctaias 08 X14H7KBM.
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JUist  XOJIOMHOKATAHBIX JIMCTOB TOJNIIMHOM 1,5 MM mpoBeaeH BBIOOp
ONTUMAJIBHOM CKOPOCTH aBTOMAaTHYECKOM AaprOHOAYTOBOM CBapKU 3aroTOBOK.
N3roToBnensl 00pa3ibl W MPOBEACHBI HCIBITAHMS HA pACTHKEHUE MpU
temriepatype +20°C 00pa3loB CBapHBIX COEIMHEHHM, BBIIIOJHEHHBIX Ha Pa3HBIX
CKOPOCTSAX CBapKH, C TOCJIEIYIONIEH TMOJTHOW TEePMUYECKONH O00pabOTKOM 110
pexuMy ocHOBHOro matepuaina. [lo pesynbTaTam HCHbITaHUN BBIOpaHA CKOPOCTH
cBapku 18-24 m/c.

OTtpaboTaHa TEXHOJIOTHUS U BbIOpaHbl onTUMalibHbIe pexxuMbl IJIC HucTOB U3
cranmu BHC72-111. [To BhIOpaHHBIM peXMMaM H3TOTOBJICHBI CBApHBIE COCIUHEHUS
DJIC u3 X0N0IHOKATaHbIX U ropsiueKkaTanbiX auctoB cranu BHC72-111.

[IpoBeneHHBI pEHTreHOTPAPUUECKUN KOHTPOJL TIOKa3all OTCYTCTBUE
ne(PEeKTOB B CBAPHBIX COCTUHEHUSX

[IpoBeneHbl MEXaHUYECKHE HWCOBITAaHWS HA PACTSKEHUE U YIAPHYIO
BS3KOCTh CBApHBIX 00pa3lloB U 00Pa3I[0OB OCHOBHOTO METAaJIa XOJIOJHOKATAHBIX U
ropsiuekatanbix JUCTOB M3 ctanu BHC72-III tonmmumuon 1,5 m 5,0 mm npu
temneparypax -70°C, 20°C, 200°C u 300°C. AHanu3 pe3yJbTaTOB UCIBITAHUI
MoKaszajl: Tpefes  KpaTKOBpeMeHHOM mpouyHoctd mnpu  20°C  cocraBisier
6,>1700 MIla, 4TO TIPEBOCXOAMT MpPENeN HMPOYHOCTH G,  cramu BHCS-III Ha
18%, crammu 07X16H6-111 — na 33%.

[IpoBeneHa moOCTaHOBKa OOpPA3IOB CBApHBIX COCAMHEHHN HA HATYPHYIO
AKCHO3ULIHIO B YCIOBUSAX MPUMOPCKOM 30HBI YMEPEHHOTO TEIJIOro Kinmarta (T.
['eneHmKUK) U B YCJIOBUSX MPOMBIIUICHHOM 30HBI YMEPEHHOro Kiaumara (T.
MockBsa).

[IpoBenennl Metamorpad@uuecKkue HUCCISTOBAHUS CTPYKTYp 0OpasIoB
cBapHbIx coeauHenuit ctaau BHC72-11 tommmnoMi 1,5 u 5,0 MM, BBINOJHEHHbBIS
aproOHONYrOBOM M JJIEKTPOHHOJIYYEBOM cBapkamu. MccinenoBanuss — mokasanu
OTCYTCTBHUE JIePEeKTOB B BUE MOP U TpeuuH. CTPyKTypa IIBOB MOCIE MPOBEICHUS

TEPMHUECKON 00paOOTKM MapTEHCUTHAs C OCTATOYHBIM ayCTEHHUTOM, KOTOPOM
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COOTBCTCTBYIOT ITOJIYYCHHBIC BBICOKHC 3Ha4YCHUA IMPOYHOCTH CBApPHBIX

COEJIMHEHUMN.
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