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B Hacrosimee BpeMs B MAaIIMHOCTPOEGHUU OOJbIIOE KOJIUYECTBO JieTasiel
U3rOTaBJIMBAETCA U3 MEAHBIX CIUIaBOB - OpoH3. Tam rie oT Takux CIJIaBOB TPeOYHOTCS
MOBBILIEHHBIE TPOYHOCTHBIE XapaKTEPUCTUKHU, IPUMEHSETCS HUKeneBas OpoH3a. OgHaKo
u3-3a €€ BBICOKOM JOPOrOBU3HBI KOJMYECTBO NMPUMEHSIEMbBIX B IPOMBIIIJIEHHOCTH MapoK
HUKEJEBbIX OpOH3bl KpailHE OrpaHMYEHHO, a CaMHM HUKEeJIeBble OpOH3bl Ci1abo
uccienoBaHbl. BMmecte ¢ TeM BBICOKMH IMpenes MPOYHOCTHM Ha pas3pblB U XOPOIIHE
TPUOOTEXHUYECKUE XapaKTEPUCTUKH JIeJal0T 3TH CIUIaBbl B pAJE CIy4yaeB IPOCTO
HE3aMEHHUMBIMHU.

Cotpynnukamu kadeapsl MTM TIIY npoBoasTcst 3KCiepUMEHTaNIbHbIE PadOThI 110
BBISIBJICHUIO 3aKOHOMEPHOCTEH BIUSHUS YCIOBUN KpPUCTAIM3ALUMU Ha CTPYKTYpy U
CBOMCTBA TaKUX HUKeJIEBbIX OpoH3. B X0/1e mpoBOAMMBIX MCClIeJ0BaHM, ObLIO OKa3aHo,
YTO CKOPOCTh OXJIQXJACHUS BIIUSAET Ha CTPYKTYpPY U CcBOMcTBa Takux Opon3. Kpome Ttoro,
CKOPOCTb OXJIQX/ICHUS HE IMOCTOSIHHA M0 BCEMY CEYEHHUIO OTIMBKHU, YTO JIAET Pa3IHMuHYIO
CTPYKTYpy IO CEYEHHUIO. YK€ HMEIOLUecs [aHHbIE B JIMTEpaType CoJepxaT JIUIlb
KayecTBEHHbIE JaHHbIe 00 3TOM. B pe3ynbrare mnosBuiack 3agada KOJIMYECTBEHHOM
OLICHKH BJIMSIHUS CKOPOCTH OXJIAXKICHUS.
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Jlyist pemiennst mocTaBiIeHHOM 3a1a4un coTpyannkamu kadenp [IMD u MTM TITY Obun
co3/1aH MprOOp ISl TOCTPOCHUS 3aBUCUMOCTEH TeMIepaTyphl OXJIaKIAeMON OTJIIMBKHA OT
Bpemenu — «Tepmorpad» (Puc. 1).

Puc. 1. Buemnuii Bua npudopa «Tepmorpady.

[Tpubop umeer § xpomenb-aIFOMENEBBIX TepMmomap. Perucrpaius 3Ha4eHH TepMO-
3.1.C. TEepMoIlap BEIETCS C IOMOILIBI0 BBICOKOCKOpOocTHOro mnpubopa «Tepmorpad».
3HayeHne  TEepPMO-d.J.C.  MpeoOpa3dyercss ¢  IMOMOUIbI0  aHAJIOTOBO-IIM(PPOBOTO
peoOpazoBaTelisi M 3aIMChIBACTCS B MaMsATh ipubopa. [Ipubop crocoben peructpupoBaTh
no 40 3HayeHWi TepMo-3.1.C. B ceKyHAay. Jlamee oOpaboTka pe3yiabTaTOB M MOCTPOCHUE
rpadMYecKuX 3aBUCHUMOCTEH OCYIIECTBISICTCS Ha TIEPCOHAIBHOM KOMIIBIOTEPE TIpH
oMo nporpammel «TermoXp».

Takum oOpa3oM, B JaHHOW paboTe H3ydaJoCch HEPAaBHOMEPHOCTh OXJIAXKJECHUS
OTJIMBOK, @ TaK >X€ ONPEeAeNsINCh CKOPOCTH OXJaKICHHUS MaTepuana B pa3iIMdHbIX
ceueHusx oOTiIMBKU. Mccnemyemple OpOH3bl BBIIUIABISUIM B BBICOKOYACTOTHOM
WHIYKIHOHHOU TurenbHo# neun BUI'2-100/0,66 13 TeXHUYECKH YHUCTHIX KOMIIOHCHTOB B
turie u3 rpadura. CocTaB MIUXTH HCCIIEAYeMOW OPOH3BI IpHUBEICH B TabuIe 1.

Ta6muma 1. Conepxkanue 3meMeHToB % Macc.

Manka 6hoH35L Copep:xaHue 3J1€MEHTOB, %0 Macc
pra bp Sn | Ni Cu Packucnurens
BpOH10-20 10 | 20 | 69.5 0,5

Packucnenune nmpoBoaunocsk GochopucToil MeIbI0 TIEpe 1 3aKIa KON HUKENS M 0JIOBA B
pacruiaB.

Temneparypy  3amuBKM  ucciaeayeMmou — OpoH3bl  coctaBmsuia  1170°C wm
KOHTPOJIMPOBAJach  OBICTPOJEHCTBYIONIUM onTtudeckuM mupomerpom TIIT-90 ¢
JIa3epHBIM HaBEJCHUEM 110 rpapUTOBOM TaOJIeTKe Ha MOBEPXHOCTH pacIljiaBa.

bpon3y bpOH10-20 3anmuBasii B TpadMTOBYIO JUTEHHYIO (OPMY C COOTHOIICHUEM
Macchl OTJIMBKH K Macce Gopmbl 1:2,5. Tlocne 3aIMBKU B XOJIOHBIC TpadUTOBBIC (hOPMBI
npu Temmeparype 25°C, oHM OoXJaxAaluch Ha Bo3ayxe. OTIMBKA MpEICTaBIisia cOOOMU
TUATUHID ¢ tuaMeTpoM 18 MM u BeicoTor 70 MM.
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[Ipn IIOCTPOEHUU KPUBBIX,
XpOMellb-aJIloMeNeBble TepMonapsl (¢
nuamerpom  mpoBosiok 0,3 MMm)
pacroJiarajii Ha pacCTOSSHUM 6 MM OT
CTEHKH bopmbl (puc. 2.) B
COOTBETCTBUM C  PEKOMEHMALUH,
nanaeiMu B pabote [1]. Ilo BeICOTE
TEpMOIIapbl pacrojiarajuch — rnepnas
Ha PacCCTOSHUM 3 MM OT JTHa OTJINBKH,
OCTaJIbHBIC Ha PACCTOSIHUU 3 MM JPYyT
oT npyra (puc. 2)

[TorpentHOCTh TPU H3MEPEHUH U
npeobpazoBaHUM CUTHaIa B
u(pOBOI BHI, NMPH HCIOIH30BAHUN
XpOMEIIb-aJTIOMENEBBIX TepMoIap
COCTaBJIIE€T MPU TEMIIEpaTypax BbILIE
500°C menee 1°C [2-4]

Ha puc. 3 npencraBneHbl KpuBbIe
OXJIAKJCHUS] HUKEJIEBOW OpOH3BI MPHU
OTIMBKE B TpadUTOBBII KOKWIb,
MMOCTPOCHHBIE C TMOMOIIBIO MpUOopa
«Tepmorpad» W  KOMIBIOTEPHOU
nporpammbel  «TermoXp». Howmep
KPHUBBIX YKa3bIBaeT Ha ux
YAaJEeHHOCTh OT JHa OTJIUBKU (pHC.
2). Tax xpuBag 1 COOTBETCTBYyET
MIOJIOKEHUIO TEpPMOTIaphl Ha
paccrostHuM 3MM OT JTHa, KpUBas 2 —

6 MM, kpuBas 3 — 9MM u Tak jganee.
ITo IMOCTPOCHHBIM 3aBUCHUMOCTIM
B HUHTEpBAJIE OT  TEMIEPATyphl
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sasmBku (1170°C) no 800°C, (BKiIOYAOMIEM KPUCTALIU3AIMNIO), ONPEACIIUIN CPEIHIO0
CKOpOCTh oxyaxaeHus (Tabn. 2). Taxoil BbIOOp HHTepBana 0OYCIOBJIEH ONHM3KOH K
JIMHEWHOM 3aBUCUMOCTBIO TEMIIEPATYPhl OTIMBKU OT BPEMEHH B HEM.

AHanu3upysl IIOJIYy4YEHHBIE DPE3YJIbTAThl MOJKHO YBHUJAETh, YTO YHAJIECHHE OT Kpas
OTJIMBKHM B OCCBOM HaIIPaBJICHWHU, B COOTBCTCTBUH C KJIACCHUUCCKHMHU MPEACTABIICHHA O
KPUCTAJUTM3AlUKA CIUTKA, IPUBOJNUT K MAJCHUIO CKOPOCTH OXyaxieHus. M3 tabmuier 2
BHIHO, 4YTO B HpHHOBCpXHOCTHOﬁ 30HC CKOPOCTh OXJIAXIACHUA MaKCHUMAJIbHA H
coctasiser 160°C/c. C ynaneHueM OT TOHHON 4acTH OTJIMBKHU CKOPOCTh CHIXKAETCS.

Tabnuna 2. CKOpoCTH OXJIAXKIEHHS OTIIMBKU B PA3JIMYHBIX €€ CEUCHUSIX.

Y nanienne o1
. CxopocTtb
Homep HIDKHEN
DXJ1aK IeHUS,
repMonapsl  HacTH !
Clec

DTJIIMBKH, MM
I B 160
D D 158
B [2 154
a 15 150
) 18 146
b D1 143
7 D4 138
3 D7 134

[To wroram mponmenaHHOl pabOTBI MOXKHO CIenaTh CICAYIOIIUE BBIBOABI H
3aKJIIOUEHUS:

1. OrtpaboraHa MeTOJWKA OMNpEACICHUS CKOPOCTEH OXJIAKICHHUS CIUIABOB C
HCIOJIb30BaHUEeM pa3paboTaHHoro mnpubopa. [loka3aHo 4YTO Ui HHKEIEBBIX OpOH3
OTNITUMAJILHBIM SIBJIICTCS U3MEPEHUE CKOPOCTH OXJIaXKICHUS B MHTEPBAJIC OT TEMITEPaTypPhI
sasmBkH (50-70°C) Beie iuann aukBuayca 10 800°C.

2. OmnpenereHbl 4YHCICHHBIC 3HAYCHHUS CKOPOCTEH OXJAXKJICHUS B Pa3IMYHBIX
CCUCHUSAX OTIUBKH M3 HUKEJIECBOW OPOH3BI MPH JINTHE B IPa@UTOBYIO JUTCHHYIO (hopmy.
[TokazaHo, 9TO Pa3HOCTh CKOPOCTEH OXJIAXJICHUS B IMPUIIOBEPXHOCTHBIX M IICHTPATBHBIX
CJIOSIX B IAaHHOM CJTy4ae MOXET JocTurarh 15-17%.

Pe3zynomamer uccredosanue npeocmasnennvie 6 Hacmoswel pabome 8blNOIHEHbl NPU
nooodepoicke epanmsl Ilpezuoenma PO MK-6661.2013.8.
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MHoroga3Hble CBUHLUOBHUCTbIE OpOH3bI HCIHOJB3YIOTCSI B MAIIMHOCTPOCHUM ISt
U3TOTOBJICHUS HW3JEIMM € BBICOKUMHU AaHTU(QPUKUMOHHBIMU M HPOTHUBO33AUPHBIMU
CBOMCTBaMH, HampuMep, TMOALIMIIHUKOB CKoJbkeHus. Ho B psne cinyuyaeB neranu u3
TaKUX MaTepHalloB pa3pylIAIOTCs BCIEACTBUE HEJOCTATOYHO BBICOKOM IPOYHOCTH.
CBHHell IPAaKTHUYECKH HE PAaCTBOPSIETCS HU B OJHOM M3 KOMIIOHEHTOB TaKUX OpOH3 U
o0pa3yeT BKJIIOUEHUS1, 3HAYUTEIIbHO CHI)KAIOILME IPOYHOCTHBIE XapaKTEPUCTUKU OPOH3BI.
Ha npounocts 6poH3 OyAeT BIMATH HE TOJIBKO KOJMYECTBO CBHWHIIA, HO TaKkxke Gopma u
pa3Mep CBHMHIIOBBIX BKJIIOYEHHUH, (OPMUPOBAHHE KOTOPBIX OMNpEIENSIeTCS PSIOM
TEXHOJIOTHYECKHX (aKTOPOB (TeMIepaTypoi 3aJUBKH, CKOPOCTBHIO OXJIAXKIACHUS U ap. [1-
3]). Bompocsl ¢opMooOpazoBaHus CBHUHIIOBBIX BKJIIOYEHH B MHOTOKOMIIOHEHTHBIX
OpoH3ax M BIMSAHUM MOPQOJOTUU TaKUX BKIIOUEHHH Ha MEXaHWYECKHE CBONCTBa
paccmarpuBarotca B pabore 3. U3 Hee cienyet, uto cdepuyeckas ¢popma BKIIOUEHUH,
nojiyyaeMasi MpH HHU3KUX CKOPOCTAX OXJIAXKICHHs, IMO3BOJSET IOJy4yUTh Haubosee
BBICOKME IPOYHOCTHBbIE cBoiicTBa. OmHako B paboTe HE paccMaTpUBAETCs BOIMPOC O
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