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TEOPETUYECKOE OBOCHOBAHME YCJIOBUAM MOBBIIIEHUS
3®PEKTUBHOCTHU BLICOKOCKOPOCTHOM OBPABOTKH

IIpuBeneHO aHANMUTHYECKOE penreHne o0 YCIOBHSAX YMEHBIICHHS TEXHOIOIMYECKOH ce0ecTOMMOCTU
00pabOTKH M BO3MOXKHOCTH pPEan3alMH BBICOKOCKOPOCTHOro pe3aHus. I[lokasaHo, 4YTO CKOpPOCTBb
pe3aHusi OrpaHHYeHa IKCTPEMYMOM (MHHHMYMOM) CEOECTOMMOCTH OOpabOTKU. YBEIHYUTH CKOPOCTh
pe3aHusl U pealn30BaTh YCIOBHS BBICOKOCKOPOCTHOH OOpaOOTKM MOXHO 33 CUET IOBBIIICHUS
CTOMKOCTH PEXYILIEro HMHCTPyMEHTa IIyTeM IIpUMEHEHHst Oojee MPOYHBIX M H3HOCOCTOMKHX
MHCTPYMCHTAQJIbHBIX ~MaTepUaloB W IIOKPHITUH HHCTPYMEHTOB, XapaKTEPHU3YIOIIUXCS HU3KUM
K03 PUIHEHTOM TPEHHSI.

KiroueBble  cjIoBa:  BBICOKOCKOPOCTHAast ~ 00paboTKa, HHCTPYMEHTAJbHBIH  MaTepual,
cebecToMMOCTh  00padOTKM, CKOPOCTb pE3aHHs, TEMIIEpaTypa pe3aHus, IPOU3BOAUTEILHOCTD
00paboTKu.

Beenenne. CoBpeMeHHble MeTaulopexymue cranku ¢ UYIIY  Tuma
“00pabaThIBAONIUI ICHTP” pPEaTU3yIOT YCIOBHUS BBICOKOCKOPOCTHOTO pE3aHMs,
YTO OTKPBIBACT MIMPOKUEC BO3MOKHOCTHU IOBBIICHUA TOYHOCTHU, KadeCTBa U
MPOU3BOIUTENBEHOCTH 00paboTku. OnHAKO, KaK TMOKa3bIBaeT MPaKTUKa, 00padoTka
B YCIOBHSIX BBICOKOCKOPOCTHOTO pe3aHMsl XapaKTepH3YyeTCs IOBBIIICHHOM
TEXHOJIOTHYECKON Ce0eCTOMMOCTBIO, YTO HHUBEIHPYET MPEUMYIIECTBA 3TOTO
MPOTPECCUBHOTO MeTOAa O0paboTKH. B CBsI3M ¢ 3TUM aKTyaJbHOW SIBIISETCS
npobiieMa IOUCKA HOBBIX TEXHOJOTHYECKHX PEIICHHH, 00eCceYnBaroIux
CHIXKEHUE Ce0eCTOMMOCTH 00paboTku 0e3 CHUXKEHHS IapaMeTpoB TOYHOCTH,
Ka4yecTBa U MPOM3BOJUTEIBHOCTH OOpPabOTKU B YCIOBHSX BBICOKOCKOPOCTHOTO
pe3aHust.

AHaJIN3 OCHOBHBIX JOCTH:KEHUH M JIMTEPaTyphl. 3a/laud TEOPETHYECKOTO
OTIpeJIeNICHUS] YCIOBUN YMEHBIIICHHS TEXHOJIOTHYECKON Ce0ECTOMMOCTH OCBEIICHbI
B paborax [1-3]. Bmecte ¢ TeM, MOJy4YeHHbIE pEIIEHHs OCHOBAHBI Ha
HCIIOJIb30BAHUN OMIIMPUICCKUX 3aBUCHUMOCTEHN 1A ONIPEACIICHUA CTOMKOCTH
PEXKYIIET0O WHCTPYMEHTAa, CIPaBEMJIMBBIX JJIS YAaCTHBIX YCJIOBHHA OOpabOTKH.
Kpome Toro, wucmonbp3yeMmble 3MIHMPUYECKHE 3aBUCUMOCTH COJIEPXKAT JIMIIb
nmapaMeTpsl pexuMa pe3aHusi, TOTJa KaK CTOWKOCTh HMHCTPYMEHTAa 3aBUCHT OT
pa3IMIHBIX (U3UIECKUX (PAKTOPOB, yUET KOTOPHIX MO3BOJMI ObI MOIYYHUTH OoJiee
o0Ipe TeopeTHYecKue peleHus W 00OCHOBaTb OCHOBHBIE NYTH CHYDKCHHMS
TEXHOJIOTHYECKOH ce0ecTOMMOCTH 00pabOTKM B YCIOBHSAX BBICOKOCKOPOCTHOTO
pesanust. IloaToMy TeopeTHUYEeCKHii aHalM3 TEXHOJIOTHYECKOH ceOecTOMMOCTH
00paboTKU € MO3MIMK AHATUTUYECKOTO MPE/ICTABICHUSI CTOMKOCTH MHCTPYyMEHTA
MO3BOJIUT 0OoJiee TOJHO PACKPBITh TEXHOJOTMYECKHE 3aKOHOMEPHOCTH U
BO3MOXHOCTH BBICOKOCKOPOCTHOH OOpabOTKHM TIO KPHUTEPHIO CeOeCTOMMOCTH
00paboTKH.
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Leanr wuccaenoBanusi, MOcTaHOBKa 3anaum. llenblo paboThl sBIIsIETCS
000CHOBaHME yCIOBUI YMEHBIIECHHS TEXHOJIOTHIECKOH cebecTonMOCTH 00paboTKH
Ha OCHOBE MaTEMaTHIECKOTO MOAEINPOBAHUS TEXHOJOTHYECKHE 3aKOHOMEPHOCTH
U BO3MOXXHOCTH BBICOKOCKOPOCTHOH 00paboTku. Pabora sBiseTcs pa3BUTHEM
paboT 110 UCCITeTOBAHUIO TEXHOIOTHUECKOM cebecTonmocTu 00paboTku [4-6].

Marepuansl ucciaegoBaHus. I JOCTWKEHHS IIOCTaBICHHOW — LEH
BOCTIOJIB3YEMCSI 3aBUCHUMOCTBIO I OTIPEECNCHHST TEXHOIOTHYECKOH ceOEeCTOMMOCTH
o0pabotku C mpH MpOJOIBHOM TOYEHHH JUIS TPEX OCHOBHBIX M3MEHSIIOIINXCS CTaTel
3aTpar, YIUTHIBAIOLINX 3aTPATHI TI0 3apaboTHOI! Iiate pabodero 3a 00paboTKy mapTum
JeTalneil ¥ 3aMeHy W3HOIICHHOTO MHCTPYMEHTA, a TaK)Ke 3aTpaThl Ha HHCTpyMeHT [4,6]:

C=N-,-S,, -kK+Ny-t S, k+N,-II, 1)

rae N,Ny— kommuecTBO 0OpabaTbIBaeMbIX A€Talel M MOTPEOISIEMBIX PEXKYIIUX

wac

HHCTPYMCHTOB,
tO — OCHOBHOC TCXHOJIOTHYICCKOC BPEMA O6pa6OTKI/I, MHUH;

S, — Tapu¢Has cTaBKa pabouero, FpH/MUH;

k— koddOHIMEHT, YYUTHIBAIOIIMH BCEBOMOXHBIC HAYUCICHHS Ha
Tapu(HYIO cTaBKy pabodero;

t.— BpeMms, 3aTpaumBacMoe Ha CHSATHE 3aTYNHBIIETOCS HHCTpyMmeHTa [1],
MUH;

1] — 1eHa HHCTPYMEHTA, TPH.

C yuerom cootnomennii ty=3/Q u N -ty = Ny - T momydeHo:

C:N '9 S k+N ‘9 .(tc.sllac‘k_‘_u)
V-t-S T

Vs ’ @
rre Q=V -t-S — nmpou3BOANTENEHOCTH 00pabOTKM (IPH HPOJONEHOM TOYECHHUH),

M3/c;

V — CKOpOCTh pe3aHus, M/MHUH;

t — rmyOuHa pesaHus, M;

S — mogaua, M/00;

T — cTOWKOCTD PEXYIIEro HHCTPYMEHTA, C.

2
CTOMKOCTb PEXYLIEro HHCTPYMEHTa | MOYKHO MPEACTABHUTh:

T=5— ®3)

rae N — anuHa IIomaaKu U3HOCa Ha 3aJHEN MOBEPXHOCTU HHCTPYMEHTA, M;
V,,,,, — CKOPOCTb U3HOCA HHCTPYMEHTA Ha 3aJIHell IOBEPXHOCTH, M/C.
Torna 3aBUCUMOCTS (2) ONUTIIETCS:
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‘9 S . ’9 (tc .Sllac k+ll)vuﬂl

C=N- .S, -k+N- :
V-t-S V-t-S h

(4)

Kak BHIHO, C yBenMYEHHEM MapaMeTpoB pexxuma pesanus V , t, S u T
(umu h') cebecroumocts 06paborku C Oymer ymensiiathes. OMHAKO [IPH 3TOM C
yBenmuerueM V , t, S, oueBuaHO, Oyner yBemuuuBathesi V., M yMEHBIIATHCS
T, uro npuBerner k ysemuueHuto C . CremoBarenbHO, B 00IIeM ciy4ae
cebectoumocth 00paboTku C  OymeT M3MEHATBCA MO  IKCTPEMATbHOM
3aBUCHMOCTH, TMPOXOJsl TOYKY MHHUMYMA. sl OMpeAeseHHsl 3KCTPEeMalbHOTO
3HaueHuss C BBIpa3sMM CTOMKOCTh PEXKYIIETO HHCTPYMEHTA | 3MITHPHIECKOI
3aBHCUMOCTBIO [1]:

G,

T= g ®)

rne  C,,m;,0,p— MOCTOAHHBIE A ONpPEAENEHHBIX ycnoBuil o0padoTku (

m>p>q;m>1).
B pesynbTaTe 3aBHCHMOCTE (2) TIPUMET BH:
t.-S, -k
C:N.i.sm.k+N.,9.erl.tq-1.Sp-1.w . (6)
Vts C,

Iockomsky m; >1, p>1, q<1, To ckopocTh pe3anust V U mojada S
HEOJIHO3HAYHO BT Ha cebecToMMocTh 00pabotku C, T.e. CYIIECTBYIOT
skctpemyMmbl ¢yHkuun C ot mepemenHeix V u S.  [lng  ompexenieHUs
SKCTpEeMaNbHBIX 3HadeHmd V um S crmemyer mnomumHuth ¢Qyskmmoo  C
HEe00X0JUMBIM yCIoBHAM dKcTpemyMa: C., =0; Cg =0. Torna

—N- 2‘9 .SW.k+N.19.(m1_1).vmr2.tq-l.sp-l.wzo;(7)
V©-t-S C,
N 2.SW.k+N.9.(p_1).vmrl.tq-1.sp-2.M:o_(g)
V-t-S C,
TTocne mpeoOpa3oBaHUii OTYyUEHO:
—N~.9-SWok+Nu9-(m1—l)-Vr”1.t“~S”.wzo; 9)
4
—N'.9~Sw'k+N~,9'(p—1)~le~tq~Sp'w=0. (10)
4
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Kak BHIHO, pellleHHEM CHCTEMBI YPaBHECHHUH SBISETCS yclaoBHE My =p.
OnHako, KaK YCTaHOBJIEHO 3KCIEPUMEHTalbHO, My > P . CiefoBarelbHO, JaHHOE

peuieHue JmieHo (u3ndeckoro cMbicia. Takoe e HEONpEAeNeHHOE pelIeHHe
nosnydeHo B pabore [3]. YtoObl yHTH OT HEONpEOETEHHOCTH, HEOOXOINMO B
KauecTBe NepEeMEHHON BEJIMYMHBI PACCMATPUBATh IPOU3BOJUTEILHOCTE 00pabOTKH
Q=V-t-S,aneee komnoneHtsl V u S . Torna 3aBUCHMOCTS (2) IPUMET BHI;

m-1 . .
C:NgS k+N- Q (tc Sqac k+U) ) (11)

uac m —q m—p
™ .S™ C,

W3 3aBucumoctu (11) BEITEkaeT, YT0 MHUHHEMYM ce0ECTOMMOCTh 00paboTKH
C Oyzer OOCTUraThCsi HPH IKCTPEMAIBHOH IPOM3BOAUTEIBLHOCTH O00pabOTKH

Qsxemp 1 MAKCHMAIILHO BO3MOXKHBIX 3HAYEHHSX [IIyOHHBI pe3anus t n momaun S .

Honuuuss pyuxumio C HeobxoaumoMy yenosuio sketpemyma Cq = 0 mosydero:

S... ' k-C, - -
= uac .gM-P tm-d : 12
R (R KO "
N-$-S, . -k 1
min — 5 |1+ : (13)
st‘cmp (ml _l)

Kak cnenyer u3 3aBucumocteit (12) u (13), yBemuunts Q U YMEHBUINUTH

KCMp
MHHHMMaJbHOE 3HaueHue cebecrouMocTd 00paboTku  C i, MOXKHO IJIaBHBIM
oOpazoM 3a cuer yBenuueHus BenmuuuHsl C,, 3aBucameil or (¢usmKo-

MEXaHUYECKUX CBOMCTB HUHCTPYMCHTAJIbBHOT'O MaTtepuajia. 3KCTpeMaJ'ILHOG

3HAYCHUC CKOpPOCTHU pe3aHu Vaxcmp OIpCALIIACTCA nus3 3aBUCHUMOCTHU
V.

sxemp = Qoxemp 1 1-S . Cnenosarensho,  ysennmuenue  V OTpaHUYEHO

aKCmp

SKCTPeMyMOM (MHHUMYMOM) cebecTonmocty 00paborku Cp, . Yeemnauts V., ..,

Y COOTBETCTBEHHO PEaIM30BaTh YCIOBUS BHICOKOCKOPOCTHOH 00pabOTKH MOXKHO B
OCHOBHOM yBeluueHueM BenuuuHbl C, 3a cueT IpuMeHeHHus 0ojee NPOYHBIX U
M3HOCOCTOMKUX MHCTPYMEHTAJIBHBIX MAaTEPUAJIOB U IOKPBITUI MHCTPYMEHTOB.

Jis packpbIThs (pU3HYECKONH CYIIHOCTH MOJIYYEHHOTO PEIICHHUS MpPOBEIeM
€ro AaHaJM3 Ha OCHOBE aHAJIMTHYECKOM 3aBHCUMOCTH JUIA OIpENEICHUs
TeMIepaTypsl pe3aHusi, BOSHUKAIOLICH Ha 3aJHeil moBepxHOCTH pesua [6]:

O="f-HV- (14)
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roe f — koaddumueHt TpeHus pesua ¢ 06pabaTbIBACMbIM MATECPHATIOM;

HV — tBepmocTh 0GpabaThiBaeMoro Mareprana (o Bukkepey), H/m?;

C — yZenbHas TETIOEMKOCTh 0OpabaTbiBaeMoro Matepuana, Jx/(kr-K);

£ — IUIOTHOCTh 00pabaThiBaeMOro Marepuaia, Kr/m%;

A — xoaddunueHT TemmonpoBoAHOCTH 00pabaThiBaEMOro MaTepHana,

Bt/(M'K).

Kak BuiHO, IpH 3aJjaHHOM TemnepaTtype pe3aHus € CyIecTBEHHO YBEJIHMYUTh
CKOpOCTh pe3aHust V ¥ TakuM o00pa3soM OCYIIECTBUTH BBICOKOCKOPOCTHYIO
00paboTKy MOXKHO YMEHBIIICHHEM JBYX mapameTpoB — f u h 3a cuer mpumenenus
MHCTPYMEHTAJILHBIX MaTEePHAIOB, XapaKTEPU3YIOINXC HU3KUM KOI(P(OHIHESHTOM
TPEHHUS ¥ BBICOKOW W3HOCOCTOMKOCTBIO, HAIPUMEP, CHHTETHYECKHX CBEPXTBEPIBIX
MaTepHayioB (anMmas, 2100p W T.I.), TBEPIOBIX CIUIABOB C HM3HOCOCTOWKHMH
TMOKPBITUAMHU. YMeHblIeHue JUIMHBI IIJIONIaAKKW HM3HOCAa Ha 33]1Hel71 TMMOBEPXHOCTHU
UHCTpyMeHTa N mpenmonaraeT yMeHbIIEHHE CTOMKOCTH PEXKYIIEro HHCTPYMEHTA

T . Ecimm mpexcrasuts V,,, =k, V1 .t"2.8" (e Ky, Ny, Ny, N3 — BEIMYHUHBI,

3aBUCSIINE OT (PU3MKO-MEXaHMYECKHX CBOMCTB MHCTPYMEHTAJIHHOTO MaTepHaa),
TO € y4eTOM 3aBUCUMOCTH (3) 3aBucUMOCTS (14) mpumer BuA:

2.k, -T-vhHt.g2.gns
c-p-A

O=f HV- (15)

Otkyna

c-p-A-60?

T=2k1~f2~HV2-V“1+1.t”2.S”3 ' (16)

CpaBHuBas 3aBucuMocTH (5) u (16) BHAHO, 4YTO MO CTPYKType OHH
(hakTHYECKH HJICHTUYHBI, pacCMaTpUBast
c-p-A-6°

C=— 22 17
*T 2Kk, F2HY2 an

Takum 00pa3oM, MOTYYCHHOE aHATUTUYECKOE PEIICHUE MO3BOJSCT PACKPHITH
(u3MUYECKYIO CYIIHOCTH MOCTOSHHOW BennuuHbl C, (KOTOpas ycTaHaBIIMBaeTCS
OKCICPUMEHTAJIbHBIM HyTeM) )5 OIpPECACIINTD yCiaoBuA OCYIIECTBIICHUA
BBICOKOCKOPOCTHOUW 00pabOTKH, KOTOpbIE, KaK YCTAHOBJEHO BBIIIE, COCTOST B
yBemmuenun C,. CormacHo 3aBucuMoctH (17), OHM peanusyloTcs 3a Cuer
YBEJIMYCHUS TPEICTbHOI TeMIIepaTyphl pe3anus € W YMCHBIICHHS KO3 HIMeHTa
Tpenust f .

W3 3aBucumoctH (16) BBITEKAET, YTO CTOMKOCTh PEXKYILEr0 MHCTPYMEHTa |
0o0ycIioBJIeHa TeMIIepaTypHbIM ¢dakTopoM. Uem Oonbliie TpenebHas TeMIeparypa
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pesanusi € Ui paccMaTPUBAEMOr0 MHCTPYMEHTAIbHOIO MaTepuaja, TeM OoJblie
T . Tlpudem, HanUYUe KBaJPATHYHOW 3aBUCHMOCTH MEXIy | © 6 yKas3bIBaeT Ha
CYLIECTBCHHOE BIMIHHE (PH3UKO-MEXQaHUYECKHX CBOWCTB HHCTPYMCHTAIBHOTO
MaTepuana Ha CTOWKOCTh PEXKYLIEro MHCTpyMeHTa 1 . Takoe jke CyLIECTBEHHOE
BIUsSHAE HA |  OKasbiBaeT © KOIPOHUIMEHT TPEeHUs] WHCTPYMEHTa C
obpabateiBaemMbiM  Matepuaniom f : uem wmenbmie f, Tem Gompme T, a

COOTBETCTBCHHO W  IMPOU3BOAUTCIBHOCTDH 06pa6OTKI/I n MCHBIIC

QaKcmp ’
TexXHooru4ueckas cebecronmMocts 06padotku Ci, .

BeiBoasl. B paboTe mMmoiiyueHO aHATUTHYCCKOE pEIICHHE 00 YCIOBHSIX
YMCHBIIICHUS TEXHOJOTMYECKONH Ce0eCTOMMOCTH 00pabOTKM W BO3MOXHOCTH
peanu3alMi BBICOKOCKOPOCTHOTO pe3aHud. [loka3aHo, 4TO CKOpPOCTh pe3aHUs
OrpaHUYeHA FKCTPEMYMOM (MHHHMMYMOM) CEOECTOMMOCTH 00pabOTKH. YBEIUYUTH
CKOPOCTb pE3aHus U PEalu30BaTh YCIOBHS BHICOKOCKOPOCTHOW 00paObOTKH MOXKHO
32 CUET TMOBBIMIEHUSI CTOWKOCTH PEXYLIEr0 HHCTPYMEHTa IyTeM NpPUMEHEHUs
Ooyee MPOYHBIX W M3HOCOCTOWKHX MHCTPYMCHTAIBHBIX MAaTEPHUAIOB W MOKPHITHH
HHCTPYMEHTOB, XapaKTEPU3YIOMNXCA HU3KUM KOA(PUIIMEHTOM TPEHUSL.
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