«ABI/laCTPOHTe.}Ib roga» «

B somuHanuu «JIvyiiuHi HHHOBAIIHOHHBIH NPOEKT»

KparTkasi anHoTanus padboTsl (TeMbl):

B HacTtosei paboTe npuBeeHb! Pe3yIbTaThl HCCIIEJOBAHUA HOBOTIO
TEXHOJIOTHYECKOro Tpoliecca - TepMHUecKoro cepienus. [Ipomecc
HaIlpaBJIeH Ha pelleHNe aKTyallbHOM 3a/1a4i — CHIKEHHUSA TPYTO0EMKOCTH
M3TOTOBJIEHHS OTBEPCTHI B 3arOTOBKaX M3 TPYIHOOOpabaThIBaeMBbIX
crutaBoB. CymiecTByeT mpo0JiemMa CBEpJIeHHS OTBEPCTHH B 3ar0TOBKaX U3
KapOTIPOYHBIX cTalel U CIIaBOB TUTaHa. JlaHHEIH mporecc
XapaKTepU3yeTcs BBICOKMM M3HOCOM JIOPOroro TBEPAOCIIaBHOTO
WHCTPYMEHTA M HU3KOH MPOU3BOAMTEIBHOCTEIO. TaK, Hanpumep, pH
MCII0JIb30BaHHM METO/1a TEPMUYECKOIO CBEPJIEHHS BO3MOXKHO COKpallleHHe
BpeMeHHU Ha 00paboTKy OTBEPCTHH, IIPH MUHUMAJIbHOM H3HOCE
uHcTpymeHTa. [IpumeHeHue nporecca TEpMHYECKOro CBEPIICHUS
3HAYUTEJIBHO CHUKAET ce0eCTOMMOCTh H3rOTOBJIEHHS JIETalld U COKpaIlaer
BpEMsI U3TrOTOBJIEHHUS.

[TpousBoacTBeHHbIH KoMIuieke «Camor» AO «OJK».
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ﬂ““_& HAYYHO-NPOMU3BOACTBEHHbBIA UEHTP TA3OTYPEOCTPOEHUA «CANIOT»

OcobeHHOCTM Popmoobpa3oBaHUA OTBEPCTUIA B
3aroTOBKax M3 *KaponpoyHbiX N TUTAHOBbIX CN/1aBOB
MEeTOA40M TEPMUYECKOTO CBEpP/IeHUS

[oknaguuk: fopanH Amutpuin d4yapAoBud, MHKeHep-TexHonor 1k.
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TepMuueckoe cBepieHue - 3TO nMpoiecc
popmoobGpasoBaHms OTBEPCTHSI B META/UTMYECKOW
3arOTOBKE IPU IIOMOIIM HarpeBa 3a CYeT TPEHUsA
[IOBEPXHOCTH UHCTPYMEHTA U 3arOTOBKH.

[Ipu TepmocBepieHUN UHCTPYMEHTY NMPHUAAIOT
BpalllaTe/IbHOe U MOCTYTaTe/IbHOe TepeMeleHne.
Temneparypa nncrpymenTa gocruraer 1300 °C, a
3arOTOBKH B 30He 00paboTKH - 1500 °C.

s peanuszanuu npouecca He TpebOyeTcs criela/IbHOTO
00OpYZIOBaHUS Y MOTYT OBITh TPUMEHEHBI CTaHJaPTHBIE
CBepJIN/IbHBIN WU Pppe3epHbIe CTAaHKU, WU
ob6pabarsiBatouiyii neHTp ¢ YITY. Ocobenno npouecc

3¢ PeKTUBEH NPU U3TOTOB/IEHHUH OIBITHBIX 0OPa3LIOB.




[IppymeHeHre TepMUYECKOTrO CBep/IeHUs
3apyOe)XHBIMH QUPMAMHM.
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CBEPJICHUSI M MOBBbIIIEHHE Ka4ye
TPYAHOOOpadaTbIBaeMbIX MaT
AAHHBIM METOIOM.

Ieas  paGorei:  OTpadorks

3anaum: X
*  OcymecTBUTH aHAJIU3 MPOIIECCOB
MalIMHOCTPOCHUS.

* Paspaborarh  TEXHOIOTHIO  TepMHUYEH
TPYAHOOOpabaThIBaEMBIX MaTEPHAJIOB.

*  BrimonHuTe aHanUTHYECKUH pacyeT mpolecca TEPMUYECKOTO
CBEPJICHUSL.

* Co3pgarb KOMIBIOTEPHYIO MOJENb Tpollecca TEPMUYECKOTO
CBEPJICHMUS.

* Paspaborars KOHCTPYKIHIO 3KCIEPUMEHTATBHONW YCTAaHOBKH ¥
JUISl TEPMUYECKOTO CBEPJICHHS.

*  Co3narbh yCTaHOBKY.

* IIpoBecTn 3kcniepuMeHTaIbHBIE PAOOTHI.

* Ilpoanaim3upoBark MoJy4YeHHBIE JaHHEIE.
*  BHenpurh TEXHOIOTHIO.




Tunosas getans gs o6pa
JAQHHBIM METOAOM — CEeKI]
Hapy)XHasl, B KOTOpOii 6oiee
OTBEpPCTHUMU.

Bpems npousBozacTBa meranu
COKpalllaeTcs B IBa pas3a, B C/Iy4yae

VICII0/Ib30BaHUST TEPMHYECKOTO
cBepsieHUs JJ1s1 06paboTKu
OTBepPCTHH.




Juddepenunatsaoe ypapHeHHe HECTAMHOHAPHOM TEILTONPOBOIHOCTH,
HCMOABIYEMOe I8 MOISTHPOBAHHA 3TOTO ABIEHHA B nporpayye QForm,

nveeT BHI (0G0GIeHHO 1714 3arOTOBKH H MHCTPYMEHTA):

a‘r 8°r &°r ar
Mo tayr ) e = ey

HTH B COKpAINEHHOM BHIE

ke(AT) + qg = pcT

3aech:

A — onepartop Jlannaca,

T — tenmepartypaoe noae [°K],

r— Bpens [c],

ki —xoaddrment TerionposoasocTa [Br/(n °K)],

£ — IIOTHOCTE [Krin?],

€ — yaeasHas Temtoemkocts &/ (kr °K)],

@6 — MOLTHOCTH BHYTPEHHEr0 HCTOYHHKA Teruia [Br/a3].

Temto0o6MeH H3TyUeHHEM 3a1aH 3aKoHOM Credana-Botsimana:

an = e0o(T3' — T7),

3aecs:

Gn— YAETLHBIHA TEILTOBOH NOTOK TEIUIOO0MEHA HITyYeHHEeM,
5=5.67-10%¢ Br/(:?K*) — nocrosunan Credana-boasmana,
Ty = TeMmepaTypa 3aroTOBKH H.TH HHCTPYMEHTA,

T¢- TeMIepaTypa OKpYAAIOMe cCpeasL.

TIpH MOJETHPOBAHHH KOHTAKTA 3arOTOBKH C HHCTPYMEHTOM Hepes CMAIKy
TEMIIepaTypa CMa3KH He YYHTEIBAeTCH, 3 3aKoH HetoToHa-Prxsana
HCMOIBIYSTCA B CIEIVIOMIEM BHIE:

qr = bpa(T; — T,

o — koabduunent rertonepesauwn [Br/(n? °K)] (KOMMIEKCHO YHHTEIBAIONTHI
K03 PHITHEHTEI TEITOOTAAYH MeATy 3aroTOBKOH H cMa3Koli H MexIy
CM23KO H HHCTPYMEHTOM),

T} — TeMmIepaTypa 3ar0TOBKY,

T — TeMmepaTypa HHCTPYMEHTa;

by — KoadduuHEeHT May 3Ll NoKaIBBarOmNI BO

CKOTLKO pa3 HEOOXOIHMO YMEHBIIHTE KO3 PHIMEeHT Tentonepeaan mpu
OTCYTCTBHH ILTOTHOTO KOHT2KTa MeAIY 3arOTOBKOH H HHCTPYMEHTOM.
KoadduumenT nayas! NpHHAMAETCA BO BHEMAHHE TIPH MOJSTHPOBAHHH
TEMUIOBOH 3a1aTH BO BpeMA TEXHOJOTHIeCKOH Nayasl (3aroToBka He

Jedopumpyerca).

Bremmme yae sHbIe KaCaTEeTEHEIE CHITH TPEHHA Tr OMPEIETAMOTCS MO 32KOHY

TpeHHA JlepaHoBa:
T, = m{l - cxp[— b z’-’-)]
a-l'
3aech:
m — $aKTOp TpeHmA,

b — sxcepmMeHTATEHELT Koadduuuent (mopekomertamay Jlesanona b=1.25),
Oy — KOHTAKTHO® JaBICHHe,

O — COTIPOTHRTEHHE ,no(bo;;unponmo MaTepHana (COTIacHO IPHHATOMY B
QForm KpHTepHIO ILTACTHIHOCTH MHuzeca g, = ),

k =%—mmmmmmnmmnpacm(mm
HalpSKeHHA TeKY4YeCTH).

TIpuBeeHHEIE 3ABHCHMOCTH O500MIEHE! H PEIAIOTCH THCISHHO METOIOM
KOHEYHEIX 00BEMOB IIVTEM COCTABISHHA YPABHEHHA TEILTOBOTO GATAHCA A

Kax 1ot suefiki (KoHeTHOTo 06Benma). [ToapodHee 0 YHCIEHHOM peIleHHH B
crarbe Baacoea AnB.




MopenunpoBanue npoiecca B Qform QX

TennonpoBoaHoCTH
HHCTPYMEHTa

H3nydyeHne H KOHBEKITHA

HA TIOBEPXHOCTH
HHCTPYMEHTA H 3arOTOBKH

OtcyTcTBYyeT TEMI1000MEH,

a=0

|
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TennoobmeH yepes cmasky
MeK ]y HHCTPYMEHTOM H
3aroTOBKOH

TennonposoanocTs
3arOTOBKH
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YcTaHOBKa J1J11 TEPMOCBEPICHUS |

(U‘ HAYYHO-MPOMU3BOLACTBEHHbIA
k LIEHTP FA30TYPEOCTPOEHMA «CA/IIOT»
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BpaleHma oc:: M3meHeHWe MHCTPYMEHTa No AMameTpy AD 1 aanHe AL, mm ‘ Mpumevarne
HHCTpyme foaa
HTa
un
O6\MuH. —
pyme
HTa, Ng Dh Dk AD Lh Lk AL tH ton | Ne | Dh Dk AD Lh Lk AL tH ton Ne Dh Dk AD Lh Lk AL tH ton
Mm\, MM MM MM MM MM MM CeK | cex MM MM MM MM MM MM cex | cex MM MM MM MM MM MM cex | cex |IH-BpemaHarpesa.
MMH, ton - spema onepauum1 ¢
MOMEHTa KOHTaKTa,
5000 1 25 1 3,95 | 3,95 ] a5 35 o 1 25 2|395)| 48 | 085 35 35 0 1 24 3 48 | 498 | 0,18 35 35 0 1 24 1)
2 15 4 | 498 | 498 0 as 35 0 3 37 5|1498 | 42 |078 35 (348 |02 3 36 6 4,2 4,2 0 34,8 | 348 ] 3 37
10 7 4,2 4,2 0 348 | 348 ] 2 58 8 4,2 | 419 | 0,01 | 348 | 349 |01 3 56 9 | 419 | 415 0 34,9 35 01 2 55
10000 1 25 10 | 4,19 | 4,15 | 0,04 35 349 ( 01 1.5 16 | 11| 4,15 | 4,15 0 349 | 349 | 04 LS 16 12 4,1 4,1 0 349 | 349 ] 15 | 16 1)
5 -] 5
4 15 13 4,1 4,13 | 0,03 | 349 | 349 0 2,5 28 |14 | 413 | 415 | 0,02 | 349 | 34,8 | 0,08 25 28 15 | 4,15 | 4,15 0 348 | 347 | 017 | 25 |28
S 5 5 7 7
5 10 16 | 4,15 | 415 1] 34,7 | 345 | 02 4 40 |17 | 415 | 41 | 0,05 | 34,5 | 34,4 1] 4 40 18 4,1 41 0 345 | 345 0 4 40
15000 1 10 19 |41 4,1 L] 34,5 | 345 0 35 32 20| 41 4,0 0,1 345 | 343 | 0,2 35 251 11 4,0 4,1 01 34,3 | 34,2 0,1 35 | 325 1)
2 15 22 |41 4,1 1] 3421 341 | 01 2,5 25 23| 41 4,0 01 34,1 | 340 | 01 25 25 24 4,0 4,0 0 34,0 | 338 0,2 25 |25 b
3 25 25 | 40 39 01 33,8 | 33,7 | 01 15 16 | 26| 39 3,9 1] 33,7 |1 336 | 01 1.5 16 27 39 | 38 | 005 | 336 | 336 0 15 16

Buisoa: B laHHOM 3KCNEpUMEHTE CKOPOCTL NoAauu Gbina NOCTOAHHAA, TAKOE PelleHUe NO3BOAMAO A0BUTHCA MaKCMManbHO BbICTPON NPUTUPKM M Pa30TPeBY, B CNEACTBMM M MAaKCMMANbHO

BuicTpoi ckopocTh 0bpaboTke. B panbHellem OMTUMW3NPYA AaHHOE pellieHune YBennyeHnem cKopocTu 06paBoTkM Nocne BHEAPEHUA, ¢ AeNaA PEXUMbI (cTynenyatbimm)
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MccnenoBanrie MaKpoOCTPYKTYPbI 3aTOTOBOK ITOCJIE
TEPMOCBepPJIeHUS

BHA OTBGDCTHVI noag 6HHOHVﬂHprIM MWKPOCKOMOM

MaKpoTemnner
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