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[Tony4yeHHble MO€NN aleKBaTHBI M IPUTOAHBI JJI1 IPAKTHYECKOTO UCTIOIb30BAHUS.

YcraHosneHo, uyTo TpuboTexHonoruueckas cucrema (UTK10 + MIT + AB + I1P) naér
BO3MOXKHOCTh OOecreunBath rpymiy TpudoTexuundecknx xapakrepuctk (fi, fo, (hor + he),
I1, I1) 3a cuét uzmeHenust pakTopoB B ClEIyIOUIEH MMOCIEI0BATEILHOCTH, HAUUHAs ¢ Haubo-
nee 3¢ dextuBHOTO: AP = Vip = Mg = SaB 2> ST > QaB 2 j 2> Vi = Muia > t > Py
— Vag. [lanHO€ pamXHpOBaHHE CTATUCTHMYECKH 3HAYUMO € KOA(PPHUIMEHTOM KOHKOPIAIUU
o =0,53.

HCCJIEJOBAHME YJIAJIEHUSA DJIEMEHTA CTPYKKHW U3 PABOYE 30HbI
®PE3ZEPYEMBIX 3AKPBITBIX IPO®NIBHbIX ITA30B

Heuenaes B. I'., 'nutbko A. H., IlycToBoii A. A.
(xagh. OIIM, [{onHTY, 2. /loneyk, Yrpauna)

Jns uccrnenoBaHusl MepeMeIlieHns JIeMEeHTa CTPYXKKH BAOJb Mas3a IMoJ JIeHCTBHEM
THAPOAMHAMHYECKON CHIIBI TPUHYIUTEIHHOTO BO3ACHUCTBHS pa3zpaboTaHa MaTeMaTH4yecKas
MO/I€JIb, TTO3BOJIAIONIAS OTIPEAEISATh paccTosiHue X (puc. 1), Ha KOTOpoe MepeMeIaeTcs dJie-
MEHT CTPYXKH B pe3yJIbTaTe MPHUHYIUTEIHHOTO BO3JEHCTBUS HA HETO 3a MpenenamMu (ppess
CTpyH pabouelt sxuakocTu [1].

I \
! b

h__,..%@@ﬂ hot
5 7

. 7
Q.

b o

r-_’—!_“ .
! / e}

—— |
i
';(/"
X
oy

Puc. 1. Cxema nepemMelieHus aeMeHTa CTPYKKU BI0JIb 1a3a MoJ AeMCTBUEM THAPOIMHAMHU-
YECKOM CWJIbI IPUHYIUTEILHOTO BO3AEHCTBUS

PaccmoTpuM mporiecc mepeMenienus 3JIeMeHTa CTPYKKU BIOJb T-00pa3HOTO mMasa B
pe3yJlibTaTe UMITYJBCHOTO BO3ACHCTBUS HAa HETO HAIOPHOM CTPYHM CMa304YHO-OXJIAXKIAFOIICH
texHosioruaeckoit cpeast (COTC).

HcxomHas 3aBUCHMOCTh PACCTOSIHHS, HA KOTOPOE MEPEMEIIACTCS JJIEMEHT CTPYKKH
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noj nevicreueM HanopHoit crpyu COTC

mv2
1

X = s
2-F,
IJle X — PacCTOSHUE, HA KOTOPOE MEPEMEIAeTCs JIEMEHT CTPYKKU 10 Ma3y 0 OCTa-
HOBKU (11ocisie umnyJiibcHoro Boszaeiicteus COTC).
Jns ompeneneHusi Ha4adbHOHW (TIOCIE MMIYJBCHOTO BO3JCHCTBUS HANOPHOU CTPYH
COTC) ckopocTu 37€MEHTa CTPY>KKH Vi MPUMEHUM 3aKOH COXPAHEHUS KOJIMYECTBA JIBHIKE-
HUSA.

QOx = le >

rac Qox - KOJIMYCCTBO ABHMXXCHHA CUCTCMBI II0 OCH X A0 BO3H€ﬁCTBHﬂ CTPYH Ha 3JIC-

MEHT CTPYKKH;
Qi - KOINYECTBO JABMIKEHUA CHCTEMBI IO OCH X IIOCJIE€ BO3ACHUCTBUSA CTPYH Ha dJIe-

MEHT CTPYKKHU.
Paccmotpum coBmecTHOe mepemernienue BoicokoHanopHout ctpyu COTC u snemenrta
cTpyKKH. Tak Kak 10 UMITYJIbCHOI'O BO3JEHUCTBHUS DJIEMEHT CTPYKKH HENIOIBUKEH, TO

Qox = Memp * Vemp >

TJC My, - Macca BeICOKOHaNopHo# ctpyn COTC;

Vemp - €kopocthb ctpyn COTC.

[Tocte UMITYIbCHOTO BO3JICUCTBUS 3Ta CUCTEMA JIBUKETCS CO CKOPOCTRIO Vi. Torma
Oix = (mcmp +m)vy,

rae m — Macca 3JIEMEHTa CTPYKKHU,
a YPaBHCHUC 3aKOHA COXPAaHCHUA KOJINMYCCTBA ABUKCHHA TPUHUMACT BU

Memp * Vemp = (mcmp +m)vy.
[Tocne npeobpazoBanmii
_ Memp Vemp
: (mcmp +m)
[Toce psima nmpeoOpa3oBaHUi 3aBUCHMOCTD ISl ONPENICIICHUST PACCTOSTHHS, Ha KOTO-
po€ nepeMeIaeTcs 3EMEHT CTPYKKHU, IPUHUMAET BUJ

2 2 42
_m-po.h .7[./1 -dO.an

po-7-dg-h
4
rae py - IUIOTHOCTH pabodell Cpeibl, MCIOJIB3YyEMOM IS IIepEMEIICHUs JIeMEHTa

4.F, -( +m)?

CTPY>KKHU BOJIb 11a34;

h - nauHAa cTpyu padoyeii cpeabl;

Fu - cnna TpeHns no HWKHEW MOBEPXHOCTH 1a3a;

d() - AnaMeTp OTBEPCTHUs HACAJIKA,;

U - - K03 PUIIMEHT pacxoa HacaaKa;

Fyp - cuna npuny nurensHOro BosaencTeus crpyn COTC Ha »lieMEHT CTPYKKH.

Ha puc. 2 npeacrasnena rpaguueckas MHTEpHIpeTaus MocieAHeil 3aBUCUMOCTH (Tpu
00paboOTKe CTAIBLHBIX 3arOTOBOK).
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B S, = 0,026 iy,
25 = 0.043 nnabyh,
3 — 5 = 0055 mnafsy,
g =5 = 0.068 mmfsyd, -
S -5 =0.085 noatsye.
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Puc. 2. I'paduxu 3aBUCUMOCTH JITUHBI TIEPEMEIICHHUS dJIEMEHTa CTPYIKKH T10 a3y X KaKk
¢ynkuus nasienus crpyun COTC p (do = 0,5 MM, oOpabaTbiBaeMblii MaTepua —
crajb 45)

W3 anamm3a rpadukoB ciieayeT BBIBOA O TOM, YTO JJisi CBOEBPEMEHHOIO yAaJeHUs
AJIEMEHTAa CTPY>KKH U3 ma3za aimHoi 0,1...0,3 M Tpedyercs 10CTaTOuHO HEOOBIIOE 3HAUCHHE
nasnenusi, okoJio 0,1...0,2 MIla B uccieqoBaHHOM JMana30He U3MEHEHUS PEKUMHBIX U T'e0-
MeTpuueckux napametpos [2]. Kpome Toro, mpu yBeluueHnu nojauu S, 3HaYE€HUE JaBJICHUS
BO3pAaCTaeT MU NEPEMEILIEHUH JIEMEHTA CTPYKKH Ha 3aJaHHOE PACCTOSTHUE.

Ha puc. 3 npencraBnena rpagudeckas HHTEPIPETAIHS TOCIEAHEH 3aBUCUMOCTH (TIpH
00paboTKe YyTyHHBIX 3arOTOBOK).

M}

B 5 = 0031 nmafsye,
2 —5; =0.05 poafeve, /
45 =0.1 imasy6; - L7
5 — 5, =0.166 ymafay6. /
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Puc. 3. I'paduku 3aBUCUMOCTH IJTMHBI IEPEMEILICHHS SJIEMEHTA CTPYKKH T10 T1a3y X KaK
bynkuus gasnenus crpyu COTC p (do = 0,5 mm, 0OpabaTbiBaeMblii MaTepral —
CU18-36)
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W3 ananusa rpadukoB ciieayeT BBIBOA O TOM, YTO JIJIsI CBOEBPEMEHHOTO y1aIeHUs
aJIEMEHTa CTPYKKHU U3 maza anuHoi 0,1...0,5 M TpeGyercst JocTaTouHO HEOOIIbIIOE 3HAYCHNE
nasinenusi, okouio 0,1...0,2 MIIa B uccie1o0BaHHOM Juana3oHe U3MEHEHHS PEKUMHBIX U Ieo-
MeTpHUUYecKUX napameTpos [2]. KpoMme Toro, npu yBenn4eHuy NoJauu S, 3HaUE€HUE J1aBICHUS
BO3pAaCTaET MPU NEPEMEILIEHUH IJIEMEHTA CTPYKKH HA 3aJaHHOE PACCTOSTHUE.

Ha ocHoBaHMu aHanm3a pe3yJbTaToOB MCCIEIOBAHUM CIEAYET BBIBOJ O TOM, YTO Ha Be-
JUYUHY JABJICHHUS CTPYH XHUIKOCTH HanOoJblIee BIUSHUE OKAa3bIBAET MaTepUall 3arOTOBKH U
nojada S,.

BriBoabI.

1. Pazpabotano mMatemarmueckoe obOecmeueHHe IJisi OTMMCAHHS Tpolecca yNaleHUs
AJIEMEHTA CTPYKKHU U3 (Ppe3epyeMoro masa.

2. AHanu3 pe3yJIbTaTOB MOJEIUPOBAHMS IOKa3al, YTO /Uil CBOEBPEMEHHOTO YJaJICHUs
AJIEMEHTOB CTPYXKH U3 0OpabaTeiBaeMoro masza TpeOyeTcss He3HAuMTeNbHAs BEJIWYMHA J1aB-
JICHUSI CTPYH SKUIKOCTH.

Cnucok autepartypsl: 1. Heuenaes B.I'., 'nursko A.H. TeopeTuueckue uccienona-
HUA TIpoliecca yAaleHUs! CTPYKKH NpU (ppe3epoBaHUU 3aKPHITHIX MPOGUIBHBIX Ma30B. Beico-
KM€ TEXHOJOTHU: TEHAEHUUH pa3BuTus. Marepuansl XIV MeXIyHapOJHOTO HAy4YHO-
TEXHUYECKOTO cemuHapa, 12-17 cenrabps 2005 r.— Xapsrkos-Anymra: HTY «XIT», 2005. —
C.89-97.2.TOCT 7063 — 72 (CT COB 115—- 79, CT C3OB 4632 — 84) ®pe3sl 11 00paboTKH
T-o0pa3ubix na3oB. Texuuueckue yciosus. — M.: Uzn. crangaptos, 1985.

HCCJIEJOBAHMUE 3ATIOJTHEHHUS CTPYXKKOM ITIPOCTPAHCTBA MEXKIY
3YBbAMMU ®PE3bI IIPU OBPABOTKE 3AKPBITBIX ITPO® WIBHBIX ITA30B

Heuenaes B. I'., 'nutbko A. H., Unkanenkos 0. A.
(xagh. OIIM, [{onHTY, 2. Jloneyk, Yxpauna)

N3-3a BO3MOXHOCTH NOBTOPHOTO DPE3aHHUsI MHCTPYMEHTOM CTPYXKKU (SIBISIOILEHCS
(dakTuuecku abpa3uBOM), €€ CBOEBPEMEHHAs 3BaKyallls U3 30HbI PE3aHUsI UMEET Ba)KHEHIlee
3HadyeHue [1]. OcoOyio aKTyaabHOCTb YJAJE€HUE CTPYKKH UMEET MpHU (Ppe3epOoBaHUU 3aKphI-
TBIX MPOQIIBHBIX 1Ma30B (T-00pa3HbIX, THIA "TaCTOYKKUH XBOCT"), QUTYPHBIX JAOUPUHTOB U
Jp., IOCKOJIBKY 00pa3yIOLIMICS a3 B CUIIy €r0 3aMKHYTOCTH JOCTATOYHO OBICTPO 3aIOJIHAET-
Csl OTHEJICHHOM CTPYKKOH. [Ipu nampHeieM nocTymieHuu CTPYKKM OHA OKa3bIBAET CUIIOBOE
BO3JIEHCTBUE HA PEXKYIIUHA UHCTPYMEHT U IOBTOPHO MONAAAET B 30HY pe3aHusi. DTO MPUBOIUT
K CHIDKEHHUIO MTPOU3BOIUTEIBHOCTH U KadecTBa 00pabOTKH.

B TO xe BpeMms, B U3BECTHBIX paboTax B 3TOM obsactu [2, 3 u 1ap.] mpoueccsl 3ano-
HEHUS, TUPKYJSAIUN U YJIAIeHHUS CTPYKKU U3 3aKPBITHIX MPOQUIHHBIX MMAa30B U UX MOJEIHPO-
BaHUE MPAKTUYECKU HEe paccMmarpuBaroTcs. [loaToMy uccienoBaHusi, HanpaBieHHbIE HAa U3Y-
YEHHUE 3TUX IPOLECCOB C LENbI CO31aHusl d((EKTUBHBIX YCTPOUCTB Ul CBOEBPEMEHHOIO
yAaJleH!sl CTPY>KKH U3 pabodeil 30HbI, SBJISETCS BECbMa aKTyallbHBIMHU.

Jlns uccnenoBaHus 3amlOJHEHMS CTPYXKKOW HMPOCTPAHCTBA MEXIY 3YObsIMU (pe3bl B
npolecce pezaHus paspaboTaHa MaTeMaTHdeckas (FeoMeTpuYecKas) MOJelb, O3BOJISIONIAs
OIPEEIUTh KOJIMIECTBO 000pOTOB (ppe3bl N, COOTBETCTBYIOLIEE TOJHOMY 3alIOJHEHHUIO IIPO-
CTpaHCTBa MEXAy 3yObsiMU (ppe3bl (IIPU OTCYTCTBUU CaMOCTOSITEIBHOTO yAAJICHHS 3JIEMEHTOB
CTPY’KKH 3a CUeT CUJI uHepuuu) [4].

Ha puc. 1 nmokaszaHa cxema HaKOIUIEHHMS CTPYXKKU B IMPOCTPAHCTBE MEXAY 3yObsiIMU
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Puc. 1. Cxema HakoIUIeHHE CTPYIKKH B IPOCTPAHCTBE MEXKIY 3yObsIMU Ppe3bl

PacueTHast cxema npejcraBieHa Ha puc. 2

Puc. 2. Pacuernas cxema aJisi onpesesneHust o0bema MpoCTPaHCTBA MEXKIY 3yObamu T-
00pa3Hoi ppe3sl

HMcxonnas 3aBUCUMOCTD
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re V,, - 00beM NpoCcTpaHcTBa Mexk 1y 3yObsiMu Gpessl; V., - 00beM OTAEICHHON

CTPYKKHU.
O0BeM MPOCTPaHCTBA MEKAY 3YObsIMU (YCCUCHHOU TUPAMU/IBI)

1
Vnp :EZ(SI +w1S1 'SZ +S2),

rae | — BeicoTa pexyiueil yactu ¢pessl; S; — IWIONmaas BEPXHETO TPEYyTrOJIbHUKA yce-
YEHHOW MUPaMHUIBL; S, - TUIOIIAAb HUKHETO TPEYTOJIbHUKA YCEUSCHHON MUPaMU/IbI.
O0beM OTAENEHHOMN CTPYKKH

Vom =S2(d—a)l -k,

rne S, — nomava Ha 3y0; d — quametp ¢pessl; a — MHUPUHA MPEABAPUTEIHLHO 00pabOTaHHOTO
nasa; k, — Koo HUIMEHT PaspBIXIEHUS CTPYKKH.
[Tocne psna npeobpazoBaHuil KOHEUHAs 3aBUCUMOCTb MOJIENN IPHOOPETAET BU/T

1 hl[tan B, 1+ (tan B,h1+2(1 tan @,,))] , [tan B,h1[tan B, h1+2( tan w,,)]
3 2 4

S.(d—a)-l-k,

rae N — koymaectBo 060poToB (pesbr; hl — mmHa nepenHeit moBepXxHOCTH 3y0a ¢pe-
3b1; 35 - YTOJ MEXAY MepeaHei MOBEPXHOCTHIO 3y0a (hpe3bl 1 MOBEPXHOCTHIO 3aThUIKA CIEAY-
IOLIETo 3y0a; My - YToJI ObeMa BUHTOBOM KaHABKH (PpE3bI.

BrimonHeHHbIe UccnenoBanus [4] mokasanm, 94To npu Gpe3epoBaHUM CTAIBHBIX 3aro-
TOBOK UMEET MECTO CAMOCTOSITENILHOE YIAJICHUE CTPYKKH M3 MMPOCTPAHCTBA MEXKY 3yObsIMHU
¢pe3sl 3a cuet cut nHEpIMH. [103TOMY aHAIM3 MaTeMaTUYeCKON MOJIEITH BBITTOJHEH TOJIBKO
ISt citydasi ¢ o0paboTkoit uyyryHa (puc.3).

BeimotHe HHBIN aHAHM3 TO3BOJII YCTAaHOBHTH, YTO 3allOJJHEHUE TIPOCTPAHCTBA MEKITY
3yObsiMH (hpe3bl (U1 BEIOPAHHBIX TEOMETPHUYECKUX M PEKUMHBIX TAPAMETPOB) MPOUCXOIUT
JIOCTaTOYHO OBICTPO, B cpeaneM 3a 0,40 — 1,43 06opoToB 1npu 00paboTKe YyTyHAa.

MunnmasHoe 3Hauenue N = 0,4 obopora pessl (momaya S, = 0,2 Mm/3y0) cBHIE-
TEJILCTBYET O MTHOBEHHOM 3aITOJTHEHUU TIPOCTPAHCTBA MEKAY 3yObsIMH (pe3bl M TOBTOPHOM
pe3aHHuy CTPYIKKHU 3yObsiMU HHCTpYMeHTa. MakcumaisHoe 3Hauenne N = 1,43 obopora dpe-
36l (mogava S, = 0,05 Mm/3y0) Takke CBUAETEIBCTBYET O JOCTATOYHO OBICTPOM 3aTIOJIHEHUH
NPOCTPAHCTBA MEXIY 3yObsSMHU (pe3bl M IOBTOPHOM PE3aHUU CTPYKKH 3yObsIMH HHCTPYMEH-
ta. JI7Isl MpefoTBpAaIeHNs JaHHOTO SIBJICHUS TPEOyeTCs MPUHY IUTEIIFHOE YAAJICHHIE dJIEMEH-
TOB CTPY’KKH U3 30HBI PE3aHUSI.
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Puc. 3. I'paduku 3aBucuMocTH KommdecTBa 000poTOB Gpe3sl N 10 3aMoHEHHS IPOCTPAHCTBA
MEXIy 3yObsiMH Kak (yHKIUS nofadu Ha 3y0 S; (o6pabaTsiBaemblit MaTepuan — CU18-36, ma3
12, nnametp dpesbr dj, =21 mm)

BriBoabl.

1. Pazpabotano maremarndeckoe obecrieueHre AJIsi OTMCAHUs Mpolecca 3aroJHeHUS
MPOCTPAHCTBA MEKTY 3yObsIMU (DpE3bl CTPYKKOU MPU 00pabOTKE 3aKPHITHIX MPOQUIHLHBIX Ma-
30B.

2. AHanu3 pe3yJbTaTOB MOJEIUPOBAHUS TTOKa3ajl, YTO 3alO0JHEHHE MPOCTPAHCTBA Me-
KAy 3yObsiIMU (hpe3bl MMPOUCXOIUT TOCTATOYHO OBICTPO, B cpeanem 3a 0,40 — 1,43 oboporoB
npu 00paboTKe YyryHa.

Cnucok sutepatypbl: 1. CrenanoB A. BeicokockopocTHoe (ppe3epoBaHme B COBpe-
meHHOM nipousBojacTe // CAD/CAM/CAE Observer, Ne 4 (13), 2003. — C. 6. 2. Brnacos A.D.
VY naneHue NbUIM U CTPYKKHU OT PEKYIIUX UHCTPYMEHTOB — M.: MamnHoctpoenue, 1982.- 240
c. 3. Kynpun A.1., TuxonuoB A.M. I'ugpotpancnopt ctpyxku. M: Mammnoctpoenue, 1978.
80 c. 4. HeuenaeB B.I'., I'nutbko A.H. Teoperuueckue uccieqoBaHus Mpolecca yaaleHUs
CTPYKKH TIpU (ppe3epoBaHUN 3aKPHITHIX MPOQIIBHBIX 1Ma30B. BEICOKHE TEXHOIOTHU: TEH/ICH-
M pasButus. Marepuansl XIV MexayHapoJHOTO Hay4yHO-TEXHHUUYECKOIO ceMmMuHapa, 12-17
cents10ps 2005 r— XapekoB-Anymra: HTY «XI1W», 2005. — C. 89-97.

ONTUMUBAIIVA PEXXKUMOB PE3AHHMS ITPU OGPABOTKE JIETAJIEH
NHCTPYMEHTAMMU U3 CBEPXTBEP/JbIX MATEPNAJIOB

Pynuna U.A., lletpsieBa U.A., UBuenko T.I'. (kag. TM, [JouHTY, 2./]oneyk, Yxpauna)

OpnHOM U3 OCHOBHBIX IMPEANOCHUIOK MOBBIIIEHNUS KayecTBa JeTaleil 1 TOYHOCTH 00pa-
00TKHM TpYyAHOOOpabaThIBa€MbIX KOHCTPYKIMOHHBIX MaTEpHajOB SIBISETCS CO3JaHue U 3¢-
(eKTUBHOE NMPUMEHEHHE HOBBIX CBEPXTBEPJBIX MATEPUANIOB, B CBSI3U C YE€M, ONTUMHU3ALIUSA
MPOLIECCOB MEXaHMUECKON 00pabOTKU € MCIOJIb30BAaHHUEM MHCTPYMEHTOB W3 CBEPXTBEPABIX
MaTEPHAJIOB BECbMa aKTyaJIbHa.

CaepxTBep/aple MaTepHasbl HA OCHOBE CBEPXTBEPJbIX MoJupuKauuii HUTpUga Oopa,
HEMHOI'0 yCTyMas ajiMasy IO TBEPJIOCTH, XapaKTEePHU3YyIOTCsS BBICOKOM TEPMOCTOHKOCTbHIO, KO-
TOpast JOCTUraeT 1500°C, BBICOKHM COIIPOTUBJICHUEM TEPMUUYECKUM yJapaM U LUKINYECKUM
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Harpyskam, a Takke cllabblM XHMHUYECKUM B3auMmoJieiicTBueM c xene3oMm [1]. YcraHoBneHo,
YTO B MPOIECCE PE3aHUS IBOOPOBBIMH Pe3IaMU CTPYKKOOOpa30BaHUE, CUIIbI PE3aHUs U TeTl-
JIOBBIE SIBJICHUSI UMCIOT crienduiaeckue ocooeHHoCTH [2]. Ha ycanky cTpykku, Kpome CKO-
pOCTH pe3aHus, MOJAa4M U TBEPAOCTH 00padaThIBAEMOTO Marepuaia, O0JbIIOe BIUSHUE OKa-
3bIBaeT M3HOC pesia. Ilpu 06paboTke 31600pOBBIMH PE3LAMU 3aKAJICHHBIX CTajeld BOZHUKAIOT
BBICOKHE YJIEJIbHBIE CUJIbI M TEMIIEPATYphl pE3aHMs, IPU KOTOPBIX PE3eL] JOCTUTAET B HEKOTO-
PBIX CiIy4asX KpacHOCTOMKOCTH. OHM BIUSIOT HE TOJIBKO HAa CTOMKOCTh HHCTPYMEHTA, HO U Ha
TOYHOCTb M KA4€CTBO MIOBEPXHOCTHOTO CIIOS JIeTaliel uepe3 TepMudeckue qedopMaryu.

HecmoTpst Ha 10ocTaTOYHO OOJIBIIOE KOJMYECTBO MCCIECIOBAHMM IO HCIIOIB30BAHUIO
MHCTPYMEHTOB U3 CBEPXTBEPAbIX MATEPUAJIOB, BOMPOCH! PErIAMEHTAIMK PAllMOHAIBbHONW 00-
JACTU UX NPUMEHEHHUS U PacyeTbl ONTHUMAJbHBIX PEKUMOB PE3aHUS OCTAIOTCS JOCTATOYHO
AKTyaJIbHBIMU.

OnHuM 13 HanboJee pacpOCTPAHEHHBIX METOJIOB ONTUMH3AIMU B HACTOSIIEE BPEMs
ABJIAETCA METOJ| JMHEHHOTO MpOorpaMMHUpOBaHus [3], MO3BOJSIOLIMI OCYLIECTBIATH OJHO-
BPEMEHHYIO ONTHUMM3ALMIO CKOPOCTU PE3aHMs U MOJaYu C YUETOM JIEHUCTBYIOLIUX IIPHU pe3a-
HUHU OIPAHMYEHUMN 110 KPUTEPHUIO MAKCUMAJIBHOM MPOU3BOAUTEILHOCTH. [[JIs1 JIMHEWHOU 1ieste-
BOW (YHKIMHA W JMHEWHBIX OTPAHMYCHUN JOCTATOYHO XOPOIIO pa3padOTaH W IIUPOKO HC-
NOJIB3YeTCsl TpapUIECKHid METOJ IMOWCKAa ONTHMANBHBIX PEXHUMOB pesaHus. Hecmorps Ha
IPOCTOTY W HAIJISIAHOCTh, TOT METOJ] HE MO3BOJISIET TEOPETUUECKN aHAIM3UPOBATh MOJydae-
MBbI€ Pe3yJIbTaThl B 3aBUCUMOCTH OT YCJIOBHI 00pabOTKHU. BhIonHeHHbIE B 3TOM HarpasJie-
HUM pa3pabOTKu [4] HE yYHUTHIBAIOT OCOOEHHOCTEW (YHKIMOHHUPOBAHHS WHCTPYMEHTOB M3
CBEPXTBEPBIX MATEPUAIIOB

Lenp mpencraBiasieMoil pabOTHl — yCTaHOBUTH B3aUMOCBS3b ONTHUMAJIBHBIX PEXKHMOB
pe3aHus ¢ yCIOBUSMH MEXaHOOOPaOOTKHU M MOKa3aTelsIMU KadecTBa 00OpabOTaHHON MoBepx-
HOCTH IIpY TOKapHOU 00pab0TKe MHCTPYMEHTAMHU U3 CBEPXTBEP/AbIX MaTEPHUAJIOB.

LeneBast pyHKIMS - MPOU3BOAUTEIEHOCTS 00PaOOTKH, MAKCUMYM KOTOPOH JOCTHTrae-
TCS NIPU MUHUMYME OCHOBHOI'O BPEMEHHM, WJIM MaKCUMyMe NpPOU3BEJEHUs n-s —max. (n, s -
4acToTa BpallleHHsl U 1I0]1a4a).

[Ipu ToxapHO! 00pabOTKE MHCTPYMEHTAMM M3 CBEPXTBEPIbIX MaTEpUAIOB paccMar-
pPUBAIOTCA OTPAHUUYEHUS MO0 BO3MOXKHOCTSM PEXYIIEr0 MHCTPYMEHTA, 110 MPEIeIbHO AOIyC-
TUMOM IIEPOXOBATOCTH 00pPabOTAHHON MOBEPXHOCTH Rypon, MO MPEACITHLHO JAOMYCTUMOM TEM-
neparype pe3anusi O,,, KHHEMaTH4eCKUE OrPaHUYEHHS, KOTOPbIE MOTYT OBbITh IIPEICTaBJICHBI
B CJIEYIOLIEM BUJIE:

ns, <1000Cy Ky [aDT™ 1™ ; 1)
n*ssk2 =R, k2 (2D/1000)F /k0(90+7/)k4 ; )
nts¥ <1000" @,,, | C,t% (WD) ; 3)
Popin <N D<oy Smin <85 S < Spax - (4)

rae D — nuametp 00padotku; Cy, Ky — KO3 OUITEHTHI U Xy, }y, M — TIOKA3ATENHN, XapaKTepH-
3YIOIIUE CTENIEHb BIUSAHUS TITyOUHBI £, IOJIaYU S U CTOMKOCTH 1 Ha CKOPOCTH pe3anus v; ky, kj,
k2, k3, ks — ko> PuIMEHT U TTOKA3aTEH, XapaKTEPU3YIOIINE CTENECHb BIUSHUS MOJAYH S, Tie-
peaHero yria y, paguyca Mpu BEpIIMHE ¥ U CKOPOCTH PE3aHus vV Ha IMIEPOXOBATOCTh 00pado-
TaHHOU ToBepXHOCTH R,; C; - TOCTOSIHHBIN KOA(DPHUIMEHT U X;, Vs, Z; — TIOKA3aTEIN CTETICHU,
XapaKTepU3YIOIIHNe CTETICHb BIMSHUS TTyOWHBI pe3aHus ¢, MOJAa4H S U CKOPOCTH PE3aHUs v Ha
TEMIIEPATYPY PE3AHUS; Mmin, Mmaxs Smins Smax - NPEACIBHO JTOMYCTUMBIE YACTOTHI BPAIICHUS U
MOIa4M, OTPEIeTIEMbIM KHHEMAaTUYECKOW CTPYKTYPOU MPHUBO/Ia TJIABHOTO JIBM)KCHUS U TIPH-
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BOJIa I0Ja4

B pesynbrare nuHeapuzaluy 1e1eBON (YHKIMU U OTpaHUYEHHUH MyTeM Jorapudmu-
pOBaHUS OIpEJeNIeHa MaTeMaTHUeCcKas MOJIEIb MpoIiecca Pe3aHusl NpU TOKapHOU 0OpaboTke
MHCTPYMEHTAMHU W3 CBEPXTBEPABIX MATEPUAJIOB, BBIPAKECHHAs CHCTEMOM JIMHEMHBIX Hepa-
BEHCTB, TpaMUIECKH MPEICTaBICHHBIX pHUC. 1:

b :ln(IOOOCVKV/ﬂDTthxV );

X1+yVX2Sb1,

k3X1+kyX2<b, b, :ln(Ra()on %2 (zD/1000)"3 /k0(90+y)k4) ;
X1 X2<bs,

AT 3 b3 = ln(lOOOZt Oyon /Cttxt (”Dyt ); ©)

X12bg, X1<b7, by = In Nypin; bs = In Moy

X22bg,X2< by, bs = In Smin; b7 = In Spax;

(X1+X2)—>max, Xl=lnn,X2=1Is;

[TpumMeps! omnpeneneHus ONTUMAIbHBIX PEKUMOB pE3aHUs MPUBEICHHBIC IJIsI TOHKOM
TOKapHOU 00paboTku Bana nuamerpoM D =200mwm, mmmuaou L =300mMm u3 cramu P18 (HRC
62...64) n u3 cramu 45 XBI' (HRC 60...62) pe3namu u3 31600pa (reoMeTpuiecKre napamer-
pBL: IepeHui yrou y = 5°, paguyc npu BepimHe » = 0,5MM; ctoiikocts 7= 300MuH., T1yOu-
Ha pe3anus ¢ = 0,5MM); IIepoX0BATOCTh 00PaOOTAHHOM MOBEPXHOCTH Rypon = 0,32 MKM.

JIJis1 3a1aHHBIX YCIOBHIA 00paOOTKH MPUHSATHIC CIeAYIONTe KO3 PHUIMEHTH U TTOKa3a-
TEJM, XapaKTePU3YIOIIHE CTENIeHb BIUSHUS TTyOMHBI, TIOJa4l M CTOMKOCTH Ha CKOPOCTH pe-
sammst: Cy =2,933 10°; K= 1,1 (P18); Ky= 1,2 (XBT); x,= 0,182; y, = 0,303; m, = 0,606 [2];

KOX(QPHUIMEHTH U TOKA3aTeNd, KOTOPhIE XapaKTEepHU3yIOT CTENECHb BIUSHUS I10/a4H,
NEpEIHEro yrIila, pajuyca MNpu BEPUIMHE U CKOPOCTHU V Ha HIEPOXOBATOCTh 00paOOTaHHOM MO-
BepxHocTH: ky = 0,68; k; = 0,77; k2 =0,28; k3 =0,24; ky= 0,56 [5];

KOX(PHUIMEHTH U TIOKA3aTeNN, KOTOPhIE XapaKTePH3yIOT CTEICHb BIUSHUS Ty OUHBI,
[I0/1a4¥ U CTOMKOCTU Ha TEMIIEpaTypy pe3aHus:

- g cranu P18: C; =278; x,= 0,08; y, = 0,23; n, = 0,42; ©y,, = 1000°C [2];

- st ctanu XBI: C; =490; x,= 0,09; y, = 0,12; n, = 0,2; @y, = 800°C;[2].

C ux y4eToMm omnpeiesieHHbIE CIEAYIOIINE 3HAUeHNs TapaMeTpOB b;:

- qia cramu P18: by = 5,213; by = -2,932; by = -2,996; by = 1,03; bs = 2,526; bs =
7,601;

- g cranu XBI': by =5,3; by, =-2,932; b3 =-2,996; by = 1,03; bs = 2,526; bs = 7,601.

Ha puc. 1 rpaduyecku npeacraBieHHas cxema ONPEAENICHUsS ONTUMAJIbHBIX PEXKHMOB
pe3aHusi TOHKOM TokapHO 00padoTku ctamu XBI' u ctamm P18.

Touka C B MHOroyroiabHukax ABC, B KOTOpoH 1ienieBasi GyHKIMS MPUHUMAET MaKCHU-
MaJIbHOE 3HAYE€HHE, SIBJSETCS TOUKOM NepecedeHHs OTPaHMUYEHHUM MO BO3MOXKHOCTSIM PEXY-
niero MHCTpyMmeHTa (1) u no mpomyctuMoi Temneparype pezanus (3), korja MaKkcumajbHO J10-
MyCTUMOE M3 YCIIOBHI CTPYKTYPHO-(a30BbIX MpeoOpa3oBaHmii 00padaThIBAEMOM MOBEPXHOC-
i Temreparypa st ctam XBIT @,,, = 800°C; B TO ke BpeMsi OHaA SIBJISIETCS] TOUKOM Tepece-
YEHUSI OTPAaHUUYCHUN TI0 BO3MOKHOCTSIM PEXYIero nHcrpymMmenTa (1) u mo npeienbHo 0ITyc-
THUMOI IEpOXOBATOCTH 00pabOTaHHOM MOBEPXHOCTH (2), KOTJJa MAKCUMAJILHO JI0ITyCTUMas U3
YCIIOBUH CTPYKTYpHO-(Da30BbIX TpeoOpazoBaHuii 00pabaThiBaeMOi MOBEPXHOCTH TEMIIEpPaTy-
pa misa cramu P18 @,,, = 1000°C.

Jlis 3a1aHHBIX YCIOBUIM MEXaHOOOPaOOTKHU OIpPEENIEHbI CIEAYIOIINE pPe3yJIbTaThl pa-
CYeTa ONTUMAJIbHBIX PEKUMOB PE3aHUs:

- ot ctanu P18: X2, =-1,995; X1 nm = 5,817,
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Ropm = e Xlom _ 33606/ X6, Sgpm = o Zopm _ 0,136:m /065 Vopy = 2110/ mun .
- nns ctamu XBI: X2, =-1,97; X1 onm = 5,81;
Ropm = eXlOPm =33406/ x8; Sopm = eXzopm =0,139mm/ 06; Vopm = 210m / mumn .

CoriacHO NACHOPTHBIM JaHHBIM CTAaHKA NPHHATHIC CJICAYIOIINE PEXUMbI PE3aHUs:
Hopm = 315006/MuH; Sopm = 0,15MM/00; Vopm = 200M/MuH.
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Puc. 1. Cxema onpeeneHus ONTUMAIbHBIX PEKUMOB PE3aHUS JIJIs
tokapHoi oopabotku cramu XBI' (HRC 60...62, ©,,, =800°C)— a)
u craimu P18 (HRC 62...64, ®,,, = 1000°C) - 6) WHCTpYMEHTaMH U3 ILOOpa

Ha ocHoBaHuM BBINOJIHEHHOTO aHaIM3a OTpaHUYEHUH, 1JIs JIIOOBIX yCIOBUN TOKApHOM
00pabOTKN MHCTPYMEHTAMHU U3 CBEPXTBEPABIX MaTEpPUAIIOB ONTUMAJIbHAS 110]1a4a U CKOPOCTh
pe3aHus MOTYT OBITh OIIPEJIEJIEHBI CIIETY FOIIHUM 00pa3oM:

k3 ny
O |yisthn, Ra k2 Viks+hn,
. — , ecmu Oy, <6,
C it k, (90+7)"

Sonm = 1 (6)

k3 k3 ky ky+ v,k
RaCVKVr 1 TVvK3

, ecnu Oy, 20.
ko T30 (9047 ) ”
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k3yv k My
Cy -Ky O |Vikythn, Ra r? Viks+hkyn, 0. <on-
¥ . . —k , eciu oon =Y,
"t ) Gyt ky (90+7)"
Vonm = v, (7)

ks Xk k,
CpKy | kg T™1Y3(90+y ) ks

, eciu Oy, 2 0.

TR PR
Vi =Yyl
0, - C,txf[ CyKy ]"t R CI;3 K11;3rk2 Ky +yyks ®
TN ) | kg T30 (90 +y )

Takum 00pa3oM, C HCIMOJBL30BAHUEM METOJA JIMHEHHOTO MPOTPAMMHUPOBAHUS YCTa-
HOBJICHBI AHAJIMTUYCCKUC B3aMMOCBA3U OINTUMAJIBHBIX PCKUMOB pPE3aHUA C YCIOBUAMU MEXaA-
HOOOPaOOTKM U MOKAa3aTelsiMU KadecTBa 00pabOTaHHOW MOBEPXHOCTH MpPH TOKapHOU 00Opa-
O00TKE MHCTPYMEHTaMHU M3 CBEPXTBEPAbIX MaTepUAIOB C YYETOM BECbMa BAaXKHBIX JJI HUX
TEMIIepaTypHBIX orpaHnyeHnid. Ha OCHOBaHMM MOJYYEHHBIX PE3yJbTaTOB pa3pabOTaHBI pe-
KOMEHJIAIUHU 10 BEIOOPY ONTHUMAIIBHBIX PEKUMOB PE3aHUS B JIIOOBIX YCIOBHIX TOKapHOU 00-
pabOTKH HHCTPYMEHTAMH U3 CBEPXTBEP/IbIX MaTEPUAIOB.
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