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BOJIATTAPOblI TEPMOMEXAHUKAJIbIK ©HAEY MNMPOLECIHE
wony

AnTbIHOEK P.K.

Kasipri 3amaHga MyHail MeH rasfbl TYTbIHY )XdHe TacbiManjay AeHremiHiH
KYpPT ecyi, MeTangapabl 6HAeYAIH aniblHFbl KaTap/bl TEXHONOrUACbl —
TepMOMEXaHWNKasblK  ©HAeY TEeXHOMOIMACLIHbIH, AaMyblHa 8Keflin COKTbIPAbI.
MyHain MeH ra3fbl TacbiManfayfa apHaiFaH Y/IKeH AuameTpAi Kyobipnap eTe KublH
Xaffanga, SFHM TeMeH TeMnepaTypaa XoHe XOofapbl KbICbIMa XXYMbIC iCTei.
CoHgplkTaH, 20-30 XbIngblH iWwiHae 6onatTapabl eH4EY XK0naapbl KYpT e3repai.
Kasipri TaHga, eHfey npoueciH 6ackapy apkpblibl 60naT TabakTapblHbIH, COHFbI
Tanan KOmblFaH KacMeTTepiHe KON >KETKi3y MyMKiHWiniri Tyasl. CoHAbIKTaH,
COHFbl MUKPOKYPbINbIMALI 6ackapy YLWiH GipHeLle Ke3eHAepAeH 6Ty KaXKeT: KaiTa
KbI3Ablpy, bICTbIKTalA WNEMAEY >XoHE COHFbl TpaHchopMaumsa.byn afpainga
«backapy» TepMUHI TepMOMexaHUuKasblk eHaeydiH (TMO) pamyblHa SKeneTiH
ayCTeHUT [aHAepiH ycakKTay peTiHAe TaHblnagbl.OCbl MakanaHblH MakcaTbl —
TepMOMeXaHMKasblK 8HAeY NPOLECIHIH AaMyblHa Loy .

A3 neripneHreH aca 6epik 6onattapga (HSLA steels) mukponeripneywi
anemeHTtTepi (V, Nb, Ti) 6ap. Onap [AsHAepAiH ecyiH ToKTaTa anagpbl XoHe
ayCTeHWUTTIH pekTpuctanimsaumscelH 6GaceHaeteni. OcbiHAan 6onaTTapibiH
OipHelle KacueTTepi 6ap: OepiKTiK, KaTTblMbIK, CO3bIMAbIbIK >XaHEe Micipyre
KabinetTinik [1-6]. COHABIKTbIH, KacUeTTepAiH XeTingipyi TMO MeH neripneyuui
aNeMeHTTEPAIH KOMOMHaumAcbl TYPTKi 60n4bl. MOPT CbIHFbILUTBIKKA Kapcblnacy
eTe MaHpI3abl KacueTTepiHiH 6ipi 60/bIN Tabblnagsl. MyHaa GeppuUTTi-NepanTTi
6onaTTapAa ocbl KacueT eppUTTiH COHFbI [8H enweMiMeH 6ackapbinagbl. Anaiga
TONbIKTa MHE Tapi3gec Hemece GeMHWUTTI GonaTtTapga Oy ayCTeHWUT AsHIHIH
e/wemimeH backapblnagpl [6].

KenTtereH fbifbiMM Makananapia KepceTinreHgein [6-8], 6ackapblnaTbiH
nnemaey (bW) kebiHge kapkblHAbl cybiTyMeH (KC) >xypeai. CoHAablKTaH, Oyn
npoueccTepAiH, apanackaH aficTepi TepMOTeXaHUKabIK 6ackapblnaTbliH eHAey/iH
(TMB®) pamyblHa akengi. «KapKblHAbl CYbITY» TEPMUHI bICTbIK MeTa/fbl Te3
CybITY (CybITY Xblngamaplebl ~10°C) peTiHae kapacTbipagbl. On heppuTTiH KaiiTa
KypblnyblHa 6ainaHbicTel 500°C - 750°C TempnepaTypa apablifblHAa XXYPeai.
MyHga cybITy 550°C — 600°C feiliH CyMeH CybITy, OflaH KeliH ayaMeH CybITy
akblibl dKy3ere acafpl. KapkaHibl CybITy 6ackapblnatblH wnemaeyfeH KeliH
60nafibl XXaHe [ie KeNiHri MUKPOKYPbIIbIMHbIH YCaKTa/lyblHa acepiH Turisegi [5, 7-
10]. Taxipmnbe xy3iHge KC TabakrapiblH Ka/biHAbIK AMana3oHbiH4a KacUeTTepiH
XakcapTyFa MyMKIHZIK 6epeai.

BV T1abakTblH OepiKTiriH, COHbIMEH KaTap COKKblfa KapcblnacyblH
Xakcaptagbl. Byn npouecc MUKPO feripfeHreH KemipTekTi 6onarrap YLiH
XacasFaH.



HeriziHeH TM© -—pgiH 3 Herisri eHgey caTbiCbl 6ap: KailTa Kbl3aplpy,
bICTbIKTal WNemgey »>kaHe CybITy. TMO — [iH KapanarbiM  bICTbIKTal
nnemgeyaeH(KblN) avitapnbikTa aviblpMallbliblFbl 8PTYPAI  KaTa  KbI3AbIpy
TemnepaTtypanapbiHia, 6acTankbl >XaHe COHfFbl wnemgeyde. MyHAa COHFbI
napametpnep TMO -pgeH sae Kaga >kofapbl. CoHbIMeH katap, TMO cyy
npouesypacbl ©3iHIiH Xblngam unemaey 6iTkeHHeH KelliH Kbl canbicTbipraHa
CYY Xbl1AaMAbIFbIMEH epeKLUeNieHes.

BackapbinaTblH Mnemaey naiga 6onfFaHHaH KeWiH, Herisri makcat unemaey
Ke3iH4e MMWKPOKYPbUIbIMHBIH AaMyblH  6ackapyFa KesfenreH. byn kanT
ayCTEHUTTIH KpucTannmsaunsnaHbaraH aymarblHOa KON >KETKeH 60/aTbliH.
OcblHAak HaTuKe ycak (eppuTTi AsHAepdiH narga 6onybiHa akengi.KeniHri
backapblnatelH  unemgey gamybl  6acka bW TypiH  pgambiTTel.  On
pekpuctanmaumanblk 6ackapbiiatelH nnemgey (PB). On npoueccTiH, Herisri
TYWiHI 6acTankbl >XoHe COHFbl Wnemiey ayCTeHWUT pekpucTanIm3aumnsnaHaTbiH
TemrepaTtypacbiHaH XOofapbl 60NFaH XafFfanaa XXymbic icTeni. CoHAbIKTaH, ycak
(heppuT [LaHAepi ycaK ayCTeHWUT [aHefepiHiH  TpaHCpopMmaumAachl apkacbiHAa
nainga 6onagbl. KapanaribiM )aHe 6ackapblnaTbliH UneMaey KesiHge ayCTeHUT neH
(eppuTTiH  MUKPOKYPbINbIMABIK — AaMmybl  CypeT 2  KepceTinreH. MyHaa
backapbinatblH  unemgey MeH  6ackapblnatblH  CybITY — KOMOMHaUMACHI
TepMOMeXaHWKasblK 6ackapblnatblH unemgey npoueciHiy (TMBI) pamybiHa
aKenai.

EKi Heri3ri 6ackapblnatblH Wnemaey TypnepiH aHblKTay angbiHga TMO
canfapblHaH MWKPOKYPbLIIbIM -~ faMyblHbIH, Heri3ri  e3eri  aHbIKTanybl KaXKeT.
MeTanabliH, 6ipHewe oTy fAedopmaumsacbiHa 6epik 60y >KaHe >Xymcapy
npoueccTepi acepiH Turisedi. MyHaa eki npouecc 6ip mMe3eTTe nanvga 6onaipl.
Ocbl npoueccTepre 6ec cyb6-npoueccTep >katagpl: 6epik 607y, AMHAMUKa/bIK
KanbiHa Keny, AMHAMUKaIbIK PEKPUCTaNIM3auns, CTaTMKa/IbIK KasllbliHA Keny
XoHe CTaTUKa/IblK peKpUCTanIn3aums.

O[eTTe a3 neripieHreH aca 6epik 6onartapbl eHAIPY ofapAbl ayCTEHUTTIK
aiiMakka [eiiH Kbi3ablpydaH 6actainfbl. CocbiH 6acTankbl eHaey 6apbiCbiHAA ap
nnemaeydeH KeWiH 6epik 601y TOMbIKTah dXyMcapyMeH Katap >xypeai. On
Ka/NbIHa Kesly HeMece pekpucTanv3auma apkacbiHaa 6onaasl. CoHAblKTaH, 6epik
6ony fefopMauusHbIH, TEOMEHri TemnepaTypanapblHAa ©3iHiH, aliKblH aCcepiH
TUrisegi.

TepmoMexaHVKa/blK OHAEY COHFbl UNeMAeYeH KeiiH CybITyabl Tanan eTesi.
OHbIH TaXipmnbenik MaHbI3bl Tanan eTeTiH MUKPOKYPbINbIMFA KOM XKeTy. EHAi
AeopMaumsnaHFaH MeTasngbl CybITyAblH GipHewe >kongapbl 6ap: CyMeH >XaHe
ayameH CybITy. bipak, KapkblHAbI CybITy TMO Herisri Kypanbl 60bIn Tabbliagpl.
OcbIHbIH, apKacblHAa A3HAEPAIH YCaKTalyblH XXaHe eHIMAINIrIH akcapTagbl. Ocbl
npouecc 6ackapblnartbiH CybITY LMK/bI 60/bIN Tabbiagbl. AfHK, 750°C — 850°C
Temnepatypa/iblk apasiblkTa COHFbI AethopmaumsaH KeiiH fepey CyMeH CybITbliM,
COAaH COH ayaMeH CybITy 6onagpl.

KapKbiHAbl  CybITYAbIH ~ Herisri  apTbiKWbIbIFbl  CyyFa  6alinaHbICTbl
TpaHcqopMauna TemneparypacbiHbiH TEMEHEYIHEH ycaK 1He Tapi3aec eppuTTi
Kypblly MYMKiHAIriHAe »>kaTblp. OCbIHbIH cangapblHaH OCbIHAAA >KaFaal



KpUCTa/iNin3aLuns owwakTapbiHbIH nainga 600y XblngamablFblH Y/IFainTabl, an ocbl
OLWWbIKTapAbIH 6cyiH 6aceHaeTedi. BipHelle FanbiMaapabiH, 3epTTeyepi 60MbIHLLIA
a3 neripneHreH aca 6epik 6onartapfa CybITy XXblUIAaMAbIFbIH V/IFANTKAH Ke3fge
(eppuT  OSHAEPIHIH  alTapnbiKTah  ycakTanagbl.  On  TpaHcopmMaums
TemnepartypacblH TemeHgeTeal. OpaH 6acka, KapKblHAbI CybITy TyH6anapabl
(Mbicanbl V,Nb,Ti [C,N]) ycakTai anafabl. byn >kalT a3 neripneHreH aca 6epik
6onaTTapblH, MeXaHUKasIbIK KaCUEeTTePIH XKakcapTaipl.

HSLA 6onattapbl eHAey Ke3iHAe MexaHWKasiblK KacMeTTepiHe acep eTeTiH
OipHewe neripneywi aneMeHTTep 6ap. KemipTeri 6enrini 6onartapfa Herisri
KOMIMOHEHT 60/bin  Tabblnagpl. KakcapTbiiFaH MICipy KacUMeTTepiHe KeTy
casijapblHaH KeMIpTeriHiH, meswwepi canbicToipManbl Typae a3 6onagbl (0.1-0.2%
C). HSLA 6onatTapbiHAa neripneyili aneMeHTTepAIH eki TYpiH axblpaTtagbl: 1)
Bepikteywi kattbl epiTiHainep (Mn, Ni, ChkaHe T.6. — aybICTbIpy atomgapsbl; C
XoHeN — eHy atomgapsbl), 2) kapoua-Hutpug kypaywsbiiap (V, Ti, NbxsHeB).
BonatTafbl 6acka aneMeHTTep 3UAHAbI Kocnanap peTiHae ecentenegi (S,P, Zr, Ca).

MapraHey, HSLA 6onattapipblH LWbIHbIFYFa KabiNeTTiniri MeH O6epiKTiriH
Xakcaptagbl. On KPpUTUKaNbIK CYY >KblAamAblFblH TOMeHAETyre MyMKIiHAIK
TyFbl3afbl.MapraHeyTiH, Ca/bICTbIpMasibl KOFapbl MesLepi ayCTeHUT-(peppuUT
TpaHcqopMaumanblK TeMnepaTypacbiH 6aceHaeTeli aHe Ae ON ycak AsHAePLiH
Ka/bINnTacyblHa aKenesi.

Hukenb HSLA 6onaTtapablH TeMeHri Temnepartynapia >XakcapTbl/iFaH
GepikTiriHe acep Turisedi. On KpUTUKaNblK TeMrepaTypaHbl TOMEHOETeAl XaHe
TUIMAI LWbIHBIKTLIPY MeH 6ocaTy YLWiH TemnepaTypasblk UHTEPBa/Ab! YFalTyFa
MYMKIHAIK Oepegi. OpaH 6acka 0N ayCTEHUT blAblpayblH TOKTaTafbl >XaHe
KapbuarepaiH  KalbinTacyblHa — ce3imTen  6onmaiabl.  Cebebi  aycTeHUT
peKpUCTaNIN3aLUUACbIHA AeiiH Kbl3ablpblnagbl.

Xpom 60naTTa Heri3ri KOMNOHeHTTepAiH 6ipi, LWbIHbIFY KaOINETTINITIH XaHe
abpasvBTi TO3yFa KapcCblibiFbiH >KakcapTafbl. On >XofFapbl Temnepatypanapja
TypakTbl Kapouatepai Kanbintactblpa anagbl. On >Kofapbl TemnepaTtypanapia
KongaHyfra 6aiinaHbICTbl 6onaTTapra TMiMXi 60naapl.

ANOMWHUIA Neripneywwi 3nemeHT peTiHAe AdHAEPAiH ycakTalybl YLWiH Ken
KongaHblnagbl. HaTuxeciHge on MaTepuaniblH GepiKTiK LWeriH yifanTabl YKaHe
eTneni Temnepatypa acepiH (ITT) TemMeHAeTEA|.

bipak HSLA 6onaTTtapga BaHaiuil, HWOGWI, TUTaH >XaHe 6OpP CUAKTI
MWKPONeripeyLUi 3feMeHTTepP aca Kbl3bIFyLUbINbIK TaHbITagbl [16]. OnapabiH oCbl
6onatTapaa TonbikTak Menwwepi 0.1% acnangbl. OnapAblH Kebici KapouaTtep mMeH
HUTPUATEPAI Kypaiabl, 0N AsHAEPAIH YFatoblH ToKTaTaabl. byn anemeHtTep TMO
KesiH4e KpUTUKanblK Temnepartypafa acepiH Turisefi (Tgc— AsHAEPAIH VYaFako
Temrepartypacbl, Trxn —  PEKpPUCTAIIM3AUMA  Temrepartypacbl,  KaHe
TpaHcqopmMauma Temneparypacbl). MUKponeripneywi 3neMeHTTepai  KOCYAblH,
Keneci cebebi  TipKey KYLUTEPIH TYFbI3y apKblUibl [A8H LUEriHIH Xbl/DKYbIH
Kopray.HaTwxeciHAe [dH Y/faloblH  TOKTaTy apKblibl [8H YCAKTbIFbIHbIH
bepikTiriHe sakeneni. CoHAbIKTaH XOfapbl 6epiKTIKTI TabakTapFa TYTKbIP/bIK 6Te
MaHbI3bl KaCcWeT, a/l >KOfapbl GepiKTIKTI Tifikemaepre OepiKTIK TYTKbIP/bIKKA
KaparaHja MaHbl3fblpak 60/bIn Tabblnagpl.



BaHagnin HSLA 6onatTtapbiHAa 6epikTeylli MWKponeripneywi 3n1eMeHT
peTiHAe KapacTbipblnagbl. Mbicasibl MOVMBIHTIPEKTEPAE KONAaHbl1aTbiH bonartTapa
OepIKTIK €eCKipyaeH >XoHe eppuT [SHAEPIHIH, YCaKTanyblHaH >XOfapbliaingbl.
BaHaguingiy HATpUATEPI MeH KapbuaTepi epput AsHAEPiHIH LIEKTepiHe TyHaabl
YKoHe aca 6epiKTIKTIH naiga 60nybiHa aKenepi.

Hnobwnii pekpuctannsaumaHbl TOKTaTaTblH YNbTpa ycak AedopmaynsaHbIH
cangapbiHaH narga 6onfFaH TyH6anapibl Kypagbl. bipak Huo6uii kpbupai MeH
HATPUAI  GenweKkTepi >Kofapbl TemrnepaTtypanapja epuii, 0nap >Kofapbl
Temnepatypanapia [AsHAepAiH ecyiHeH Kopfail anmaingbl. COHAbIKTaH onap
eHeYAIH COHFbI Ke3eHepiHae aca MaHbI3fbl 60n1agbl.

TuTaH HUTPUATAPbl >XOfapbl Temnepatypasiapfa 63iHiH TypaKTblbFbIH
KepceTefidkeHe eHAeydiH 6acTankbl Ke3eHAepi MeH KalTa KbI3Ablpy KesiHpe
[oHAepAiH ecyiH TokTaTta afnaTblH Maifasibl UHCTPYMEH PeTiHAe KoNAaHblnagbl.
Bipak, TWTaH Kapbuii >ofapbl Temnepatypanapja epv anagbl, &l TeMeHTi
TemnepaTypanapga OHAa CanbICTbipMasbl XOfapbl aca KaHblFaTblH 60nagpl.
CoHfbIKTaH 0N pekpuUcTaNn3aLnsaHbl anTap/blkTail 6aceHeTeTiH AehpmaumsgaH
LUbIKKAH GeseKTepai Kypagpl.

Bop HSLA 6GonattapbiHa a3 menwepge (0.0005% B)oHbI KOCY apKbiibl
OepiKTiKKe KabiNeTTiNIKriH >Xofapblnatadbl.byn >karaariga, KemipTeri MenLuepi
6op MesnwepiHe KaparaHga  MYMKIHAITIHWE  TeMmeHipeK 601y  Kepek.
MwuKponeripneywi 3neMeHT peTiHae 6opAblH Keneci epekiieniri on epput
GepikTiriHe acep etnengi. CoHAbIKTaH XaKcbl 6HAeYre KabineTTiniriH Kepceteai.
Bopapbl GepikTeyLwi MUKpONeripneyLwwi 3nemMeHT peTiHAe KongaHydblH TUIMAINIT
OHbIH 6acka anemeHTTepre kaparaHga (Ni, Mo) ap3aHblpak 6aFacblHAaXaTbIp.

ANIOMUHWIA KebiHe KanmnblHa KeNTiprill peTiHAe XXaHe AdH Y/KeKiH 6ackapy
petiHae KongaHadbl. On Hutpug (AIN) OGernwekTepiH Kypadbl, Yy — d
TpaHcqopMaumAckl KesiHAae ycak (heppuT AsHAEPIH KypyFa MyMKIHZIK.

PekpucTannsaumsHbl TOKTaTy TemrnepaTypacbiHa oacep eTeTiH apTypAi
MUKpPONeEripaeyLi aneMeHTTepAiH apacblHAaFbl aliblpMallbl/Iblfbl TOMEHTT CypeTTe
KepceTinreH. MyHAa, MUKPOneripfeywi  3MeMeHTTePIHIH  Kapbuarepi  MeH
HUTPUATEPIHIH, apKacbiHAA AoH LUEriHIH, TIPKeY KyLITepi pekTpucTaiinsauusra
TYPTKi  Kywi 6onatbiH  aiTapnblkTalh  >xofapbl  60nafbl.COHAbIKTAH 0N
PEKTPUCTAIIN3aUMAHBI TOKTaTy TemnepartypacbiHbliH (Tsy)KOFapnaybiHa acepiH
TUrisegi.

Kasipri TaHga TMO apanblK KpUTUKa/blK 6HAeY HEeMeCe >Xblfbl eHaey
peTiHAe KabblngaHabl. ApanblK KpuTukanblk eHaey (AKO) hepput+ayCTeHUT
(o+y) aymarbiHAa Ars TemnepaTypasiblk AuanasoHblHaH Coil XOofFapbl XoaHe Aes
TemneparypacblHaH TemeH  (Teme-TeHAIKTI 'y — O  TpaHcdopmauus
Temreparypacbl). TepMOMeXaHUKabIK eHAeY apTypai bonattapAblH, MapKaiapbiH
apa/iblK  KPUTUKa/IbIK ayMakTapfa KernTereH 3epTTeyniep XXyprisinreH. >Xbibl
nnemgey TeMeH KemipTekTi 6onattapgpl Leddung yHMBepcuTeTiHAe 3epTTereH
6onatbiH. 3epTTeynepaiH Herisri MaHpI3bl 3pTYPAI UNeMAeY XKOMAaPbIH KOAaHbIN
OepiKTIKTI ynfFaiTy. A3 KeMipTeKTi 6onattapibl apaiblK KPUTUKaNbIK 6Haey
KesiHAe NNacTUKa/blK aFbIMHbIH, KEpHeYiH MOAEe/NbAeY YKaHe XXbl/bl UieMaeyaeH
KeliiH C-Mn 6onatTappbiH, MUKPOKYPbINbIMbI MEH TEKCTYpacbiHbIH AaMyblH A.



BOAVH >aHe OHbIH, LWBKIPTTEPI 3epTTereH [5]. MyHAa onap COHFbl 3/1IEMEHTTEp
agici (FEM) >keHe MUKPOKYPbIIbIMHBIH, AaMyblH 60/DKayFa >kataTblH Kocna
epeXxxeci apacblHAaFbl ablpMalLbINbIKTEl  KepceTTi. MyHAa Kocna epexeciH
MUKPOKYPbINbIMAbI HEMECe [8H e/LeMiHiH, AeHreniHge KongaHyra 60/MaiTbIHbIH
KepceTTi. A3 neripneHreH aca 6epik 6onattapabl (X52) apanblkK KpUTUKa/bIK
OHAEYAIH aKKbILTbIK >X8He acep eTy KacueTTepiHe acepiH Afem bakkasof/bl
3epTTereH [6]. backa ga TMO apanblk KpUTUKaIbIK 6HAEY XXOondapbiHbIH Oipi
yNbTpa yCcaK AsHAi 6onattapapl any.

Xbinbl nnemaeyaiH apTbIKWbIIbIFbl 6ip YXafFblHaH, bICTLIKTbIA MNeMAEYMEH
Ca/ibICTbIpFaHAa  TOMEHIpeK  wunemgey  TemnepaTypacbiHza.  HatwkeciHge
3HEPrusHbl >Xymcay TeMeHAiri, an ekiHWi >afblHaH 60nat eTe ycak [AsHAi
KYpPbIIbIMbI 6ap faibiH 6HIM peTiHAe Xacanagpl.
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