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TEOPETUUYECKOE OBOCHOBAHME YCJIOBUI IMTOBBIIIEHUASA
3®PEKTUBHOCTHU BBICOKOCKOPOCTHOM OBPABOTKHA

IIpuBeneHo aHanMTHYECKOE pPElIeHHE 00 YCIIOBUAX YMEHBLIGHHS TEXHOJOIMYECKOH cedecTonmMocTu
00paboTKM M BO3MOXXHOCTH PpEan3allid BBICOKOCKOPOCTHOro pe3aHus. IlokasaHo, 4TO CKOpOCTBH
pe3aHus OrpaHHYeHa YKCTPEMYMOM (MHHHMYMOM) CE0ECTOMMOCTH OOpaOOTKH. YBEIUYUTh CKOPOCThH
pe3aHus M Ppealu30BaTh YCIOBUS BBICOKOCKOPOCTHON 0Opa0OTKM MOXKHO 3a CYeT MOBBILICHUS
CTOMKOCTH pEeXYIIEro HMHCTPYMEHTa IIyTeM IpUMEHEeHUs Oojee MpPOYHbIX M HM3HOCOCTOMKMX
MHCTPYMEHTAJIbHBIX ~MAaTepHaloB U TOKPBHITUIl WHCTPYMEHTOB, XapaKTePU3YIOLIMXCS HU3KUM
K03 (Q(HHUIIHEHTOM TPEHHUSL.

KnrwudeBble  ¢J0Ba:  BBICOKOCKOPOCTHast  00pabOTKa, WHCTPyMEHTAlbHbIA  Marepual,
cebecToMMOCTh  00pabOTKH, CKOPOCTh pPE3aHHWs, TEMIIEpaTypa pe3aHus, HPOM3BOAMTENBHOCTD
00paboTKH.

Beenenue. CoBpeMeHHbIE MeTauiopexymue cranku ¢ YIIY  Tuma
“oOpabaThIBarOIMi IIEHTP” PpEaTU3yIOT YCIOBHS BBICOKOCKOPOCTHOI'O pE3aHWUs,
YTO OTKPBIBAECT HMIMPOKHUE BO3MOXHOCTHU IMOBBIIICHHUA TOYHOCTH, Kadye€CTBa H
NPOU3BOJUTENLHOCTH 00paboTku. OHAKO, KaK TOKa3bIBaeT MpaKTHKa, 00paboTKa
B YCIOBHSAX BBICOKOCKOPOCTHOTO PE3aHMs XapaKTepHU3yeTcs MOBBILICHHOM
TEXHOJIOTHYECKOH Ce0eCTOMMOCTBIO, YTO HHUBEIUPYET MPEHMYINECTBa 3TOr0
MPOrPECCUBHOTO MeTozia o0paboTKH. B CBs3M C 3TUM aKTyanbHOH SBISETCS
npobjeMa IIOMCKa HOBBIX TEXHOJNOIMYECKMX pEIICHUH, 00ecreyrBaronmx
CHIDKEHUE ce0eCTOMMOCTH O0paOOTKH 03 CHIKEHHS I[apaMeTpoB TOYHOCTH,
KayecTBa U IMPOU3BOAUTEIBHOCTH OOpAaOOTKH B YCIOBHSAX BBICOKOCKOPOCTHOTO
pe3aHus.

AHaJIU3 OCHOBHBIX JOCTHKEHMIl M JIMTEPATypbl. 3a0a4l TEOPETHIECKOro
OIpe/IeNIeHUs] YCIOBHI YMEHBIICHHS! TEXHOJIIOTHYECKOH Ce0E€CTOMMOCTH OCBEIIEHbI
B paborax [1-3]. Bmecre ¢ TeM, MONy4eHHBIE pEIICHHS OCHOBAHBI Ha
UCIIONB30BAaHUN SMIIMPUYECKUX 3aBHCHMOCTEH IUIsl OIpeneleHHs CTOMKOCTH
PEeXYLIETO HHCTPYMEHTA, CIPAaBEUIMBBIX [UISI YacCTHBIX YCIOBHIl 00pabOTKH.
Kpome Toro, wucmonb3yeMble SMIMPHYECKHE 3aBUCHMOCTH COIEpIKAT JINIIb
napaMeTphl peXHMa pe3aHus, TOrja KaKk CTOMKOCTh MHCTPYMEHTa 3aBUCHUT OT
pasTUUHBIX (pr3udYecKkuX (PaKTOPOB, yIE€T KOTOPHIX TO3BOJILI OBl MOTYYHTH Oolee
o0LIMe TEOpeTHYeCKHe pEeIIeHHS H O0OOCHOBATh OCHOBHBIE IYTH CHIDKCHUS
TEXHOJIOTHIECKO ce0ecTOMMOCTH OOpaOOTKH B YCIOBUSX BBICOKOCKOPOCTHOTO
pe3anms. IloaToMy TeopeTHUYecKWil aHalN3 TEXHOIOTHYECKOH cebecTomMocTh
00paboTKH C ITO3MIMK aHATUTHYECKOTO MPEICTABICHUS] CTOMKOCTH MHCTPYMEHTA
MO3BOJUT OoJee TONHO PACKPBITh TEXHOJIOIMYECKHE 3aKOHOMEPHOCTH H
BO3MOXKHOCTH BBICOKOCKOPOCTHOH OOpa0OTKM 10 KPHUTEPHIO CeOECTOMMOCTH
00paboTKH.
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Lens wccnenoBanusi, NOCTaHOBKA 3agaum. Llempto paboThl  siBisieTCS
000CHOBaHHE YCIOBUI YMEHBIIICHUS TEXHOJIOTHUECKOM CE0ECTOMMOCTH 00pabOTKU Ha
OCHOBE MAaTEMAaTHYECKOTO0 MOJCIHPOBAHMS TEXHOIOTHYECKHE 3aKOHOMEPHOCTH M
BO3MO)KHOCTH BBICOKOCKOPOCTHO# 00paboTku. Pabora siBisiercst pa3ButueM padot 1mo
HCCIICIOBAHUIO TEXHOOTHYECKOH cebecTonMocTn 00pabotku [4-6].

Marepuanbl  ucciaenoBanusi. [ JOCTIDKGHHS TOCTAaBICHHOW — LIEJH
BOCTIONB3YEMCsl 3aBUCHMOCTBIO JUTSI OMPE/ICNICHHsT TEXHOIOrHUEeCKOH ceOeCTOMMOCTH
00pabotku C TpH MPONOJILHOM TOYCHHH U TPEX OCHOBHBIX M3MEHSIIOIIMXCS cTaTeit
3aTpart, YUUTHIBAIONIMX 3aTPATHI 10 3apabOTHOH IuiaTe padodero 3a 00paboTKy mapTun
JieTajieid ¥ 3aMeHy M3HOIICHHOrO MHCTPYMEHTA, a TAKXKe 3aTpaThl HA HHCTPYMEHT [4,6]:

C=N-t,-S,, -k+Ny-t S, -kK+Ny-IJ, @)

rae N,Ny— xomuuectBo 00pabaThiBaeMBbIX JeTalled U MOTPEOIAEMBIX PEXYIIUX
UHCTPYMEHTOB;
ty — OCHOBHOE TEXHOJIOTHYECKOe BpeMsl 00padOTKH, MHH;
S,,.— TapudHas craBka pabouero, rpH/MuUH;
k— xodpdUIMEHT, yUUTHIBAIOUIMHA BCEBO3MOXKHBIE HAYHCICHHS Ha
TapuQHYIO CTaBKy pabo4ero;
t,— BpeMs, 3aTpauMBaeMOe Ha CHATHE 3aTYIHBIIErocs HHCTpyMmeHTa [1],
MHH;
1] — eHa UHCTPYMEHTA, TPH.
C yuerom coornomennit ty=93/Q u N-t; =N T nomyueHo:

V-t-S T

V1S : (2)
rae Q=V -t-S — npou3BOAUTENHHOCTh 00paOOTKK (IIPU TPOJOILHOM TOYCHHH),

m/c:

V — cKOpOCTb pe3aHusi, M/MUH;

t — riryOuHa pe3aHus, M;

S — noxaua, M/00;

T — CTOHKOCTD PEeXYILEro HHCTPYMEHTA, C.

CTOMKOCTD PEXKYIIEr0 HHCTPYMEHTA | MOXKHO MPEJCTaBHUTh:

T= ®)
U3H
rae h— miuHa mwiomaaky H3HOCA Ha 3aIHEl ITOBEPXHOCTU HHCTPYMEHTA, M;
V,,,, — CKOpOCTb U3HOCA HHCTPYMEHTA Ha 3aJHEeH IOBEPXHOCTHU, M/C.
Tornma 3aBuCcUMOCTS (2) onwmIeTcs:
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C:N.i,s K+ N 9 (t.-S,.-k+1)-V,, .

X . . 4
V.t.§ " V-t-S h @

Kak BuIHO, ¢ yBennMYeHHEM MapamMeTpoB pexxuma pezanus V , t, S u T
(umm h') cebecrommocts 00paboTkn C GyneT yMeHbmaThess. OHAKO TIPH STOM C
yBenudenueM V , t, S, oueBHAHO, OyneT yBenuuuBathcs V,,, U yMEHBIIATHCS
T, uro mpuBemer k yBenmueHumro C . CrexoBarenbHO, B 00MIEM Ciydae
cebectoumMocTh  00paboTku C  OymeT W3MCHATHCA 1O  3KCTPEMabHOMN
3aBUCHMOCTH, MPOXOMAS TOYKY MHHHMYyMa. sl OompemeneHus SKCTPEeMalbHOro
3HaueHuss C BBIPa3MM CTOMKOCTh PEXKYIETO WHCTPYMEHTa 1 3MIHUPHYECKON
3aBUCUMOCTHIO [1]:

G

=, 5
V™ .t.sP ©)

rnre  C,,m;,q,p— THOCTOSHHBIE I/ ONpPEIENEHHBIX YCIOBHH 00paboTKH

(m>p>q;m>1).
B pe3ynbrare 3aBUCUMOCTS (2) IPUMET BU:
19 i S‘{ll(‘ : k + U)

t
C=N-—2—.S__-k+N -g-vmlfl-tqfl-spfl-“— . (6)
Vt-S C,

IMockonmeky m; >1, p>1, g<1, To ckopocTh pe3anHus V U momada S
HEO/IHO3HAYHO BIHSIOT Ha cebecTrouMocTh 00paboTkn C, T.e. CYIIECTBYIOT
skctpemymbl pyHkimu C  or mepemeHHeix V u S.  Jlng onpeneneHus

9KCTpeMalbHbIX 3HaueHHd V m S cunenyer mnomunHuTh QyHkmuio C
HE0OXOIMMBIM YCIOBUAM 3KcTpemyMa: C,, =0; Cg =0. Torna

t.-S,. K
—N- 2‘9 -SW-k+N-19-(m1—1)-V"‘1’2-tq’l-Sp’l~M:0;(7)
V©-t-S c,
t.-S,. K
N 2-Sm-k+N~8~(p—1)-Vm1’1-tq’l-Sp’2-M:O.(8)
V-t-S C,
[ocne mpeoOpa3oBaHuil MOTyUEHO:
t.-S,. K
_N.lg.sm.kJrN.lg.(ml_l).le.tQ.SP.Mzo; 9)
G,
t.-S,. K
_N.lg.sm.k+N.g.(p_1).Vm1.tq.sp.wzo. (10)

C,
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Kak BUIHO, PCHICHUEM CHUCTCMbI ypaBHeHI/Ifl SABJIACTCA YCJIOBHC ml =pP.
OI[HaKO, KaK YCTAHOBJICHO 3KCIICPUMCHTAJIbHO, ml >pP. CJ'IG,HOBaTeIII)HO, JaHHOC

pellCHHE JUIICHO (U3UYECKOro cMbIcia. Takoe jXe HEONpeneseHHOEe pelICHUe
noy4deHo B padote [3]. UroOsl yiTH OT HEOmpeIeNeHHOCTH, HEOOXOINMO B Ka4ecTBe
MEPEMEHHOM ~ BETMYMHBI  PACCMATPUBATh  TMPOW3BOJMTENIBHOCTE  0OPabOTKU
Q=V -t-S, a ne ee komnoneHtsl V u S . Torga 3aBUCHMOCTS (2) IPUMET BH:

m-1 . .
C=N.g-s KN 2 MoSuckel) gy

uac m-g  gm-p
t ° S C4

W3 3aBucumoctu (11) BbITEKaeT, YTO MUHHUMYM Ce0ECTOMMOCTh 00pabOTKH

C Oyzmer mocTHraThbCsl HPU AKCTPEMAJbHOW IPOU3BOJUTEIBHOCTH 00pabOTKH
Q,xemp ¥ MAKCHMAIILHO BO3MOXKHBIX 3HAYEHHSX IJTyOMHBI pe3anus t nmoxaun S .

Honunnsist pyuxumto C Heobxomumomy yernosuto skerpemyma Cg = 0 nomyueHo:

1

S K-C, - - |
= uac .GMP L gma ; 12
chcmp (tc ,S%C k+U)(m1 _1) ! ( )
N-8-S -k 1
min = = 11+ ' (13)
Qe (m, -1)

Kaxk cnenyer u3 3aucumocreit (12) u (13), ysenuauts Q,,y, ¥ yMEHBIIHTH

MHHUMaJIbHOE 3HaYeHne cedecToumoctr 00paboTku C i, MOXKHO TTIaBHBIM 00pa3oM
3a cuer yBenudeHus BenuuuHbl C,, 3aBHCAleil OT (UIUKO-MEXaHUYECKUX

CBOMCTB HMHCTPYMEHTAJIBHOTO MaTepuanga. DKCTpeMallbHOE 3HaYeHHE CKOPOCTH
pesanus V. ompenensercss W3 3aBUCHUMOCTH V. /t-S.

aKCMp IKCMp = Qakcmp
CnepoBarensHo, yBenuyeHue V.., O'PAHMYCHO SKCTPEMYMOM (MHHHMYMOM)

cebecronmoctn  o6pabotkn  Cpip . YBenmnmuuts V., M COOTBETCTBEHHO

peanu30BaTh YCIOBHS BBICOKOCKOPOCTHOH OOpaOOTKM MOXXHO B OCHOBHOM
yBenuueHneM BemuuuHbl C, 3a cdeT mpuUMeHeHHs Ooyiee NPOYHBIX U
N3HOCOCTOMKHMX MHCTPYMEHTAIBHBIX MAaTEPHAIOB U IIOKPBITHI HHCTPYMEHTOB.
Jnst packpbITHS (PU3NYECKON CYIIHOCTH MOJNyYEHHOTO PEIICHHUsS MpPOBENeM
€ro aHaIN3 Ha OCHOBE AHAINTHYECKOW 3aBHCUMOCTH JJISI  ONPEACIECHHS
TEMIIEpaTyphl pe3aHus, BOSHUKAIOMICH Ha 3aIHell moBepxHOCTH pe3na [6]:

O="f-HV- (14)
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roe f — xoaddumuent TpeHus pesna ¢ 00padaTbIBaCMbIM MaTEPHAIOM;

HV — TBepaocTh 06pabaTsiBaeMoro Matepuana (o Bukkepey), H/m?;

C — yZAelbHas TeII0eMKOCTh 0OpabaTeiBaeMoro Marepuaia, Jpx/(kr-K);

£ — IUIOTHOCTH 00pabaThIiBaeMOro MaTepuana, Kkr/m?;

A — XO3(QQUIMEHT TEeMIONPOBOIHOCTH 00pabaThIBaEMOro Marepuana,

Br/(M'K).

Kak BuzHO, nipu 3a1aHHON TeMIepaType pe3anust  CyIIECTBEHHO yBEINYUTh
CKOpPOCTH pe3aHus V ¥ TakuM o00pa3oM OCYIIECTBUTH BBICOKOCKOPOCTHYIO
00paboTKy MOXKHO YMEHBILICHHEM JABYX MapaMeTpoB — f u h 3a cuer mpumeHeHus
WHCTPYMEHTAIBHBIX MaTePHaIOB, XapaKTePH3YIOIUXCST HU3KUM KOI(PHUIMEHTOM
TPEHHs U BBICOKOM M3HOCOCTOMKOCTBIO, HAIIPUMED, CHHTETHYECKUX CBEPXTBEPABIX
MaTtepuanoB (anmas, 371600p W T.JA.), TBEPIBIX CIUIABOB C HW3HOCOCTOMKHMH
TOKPBITUAMH. YMEHBILICHHE JUIMHBI TUIOMAJAKH W3HOCA HA 33JHEH MOBEPXHOCTH

WHCTpyMeHTa h mpenmonaraeT yMeHbIIEHHE CTOMKOCTH PEXYIIEro HHCTPYMEHTa
T . Ecim npencrasuts V,,, =k -V™-t".S™ (rge ki, ny, Ny, Ny — BenuuuHel,

3aBHCAIIME OT (PU3NKO-MEXAaHUUECKHX CBOMCTB MHCTPYMEHTAJIBHOI'O MaTepuaa),
TO ¢ yueroM 3aBucuMocTty (3) 3aBucumocts (14) mpumer Bu:

2.k, -T-vmt.gh2.g%
c-p-A

O=1f-HV- (15)

Otkyna

c-p-A-6°

T:2|(1-f2-HV2.V”1+1,tn2'Sﬂ3 ’ (16)

CpaBuuBast 3aBucumoctd (5) u (16) BuUAHO, YTO MO CTPYKType OHHU
(aKTUYECKN UACHTHYHBI, pacCMaTPHUBas

C-p-A-6?
Co=o 7 o (1)

2k, - f2-HV
Takum 00pa3zoM, IMOTYYEHHOE aHAJMTHIECKOE PELICHHE TI03BOJISIET PACKPHITH
(GM3MYECKYI0 CYIIHOCTh MOCTOSIHHOHM BenmmunHbl C, (KOTOpast yCTaHaBIMBACTCS
OKCIIEPUMEHTAJBHBIM ~ IyTeM) ¥ ONpPENeNUTh  YCIOBHS  OCYILECTBICHHS
BBICOKOCKOPOCTHOH 00pa0OTKH, KOTOpBIe, KaK YCTAaHOBJIECHO BBIIIE, COCTOST B
yBemmuennn C,. CormacHo 3aBucuMoctd (17), OHM peanu3yloTcs 3a Cyer
YBETHYCHUS NTPECTbHON TEMIIEpaTypsl pe3annst @ 1 yMeHbIIEHNs Ko HIIueHTa

Tpenus f .

U3 3aBucumoctH (16) BBITEKAET, YTO CTOMKOCTh PEXKYIIEr0 HHCTPyMEHTa |
o0ycIiioBiIeHa TeMIepaTypHbIM (akTtopoM. Uem Oombliie mpenenbHas TeMIepaTypa
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pe3anust @ IS paccCMaTPHUBAEMOr0 MHCTPYMEHTAIBLHOTO MaTepualia, TeM OoJbIie
T . lpuuem, HanMuKe KBaIPATUIHON 3aBHCHMOCTH MEXIy | W 6 yKa3blBaeT Ha
CYIIECTBEHHOE BIMSHUE (HUIUKO-MEXAHUUECKUX CBOWCTB HHCTPYMEHTAJIBHOTO
MaTepHaa Ha CTOUKOCTh PEXYINEro MHCTpyMeHTa 1 . Takoe e CyIecTBEHHOE
BAMSHHE HAa |  OKa3biBaeT © KOI(D(UIMEHT TpeHUs HUHCTpyMEHTa ¢
obpabateiBacMbiM MaTepuaiiom f : uem wmewbme f, Tem OGomeie T, a

COOTBETCTBEHHO U NPOU3BOAUTCILHOCTH O6pa6OTKI/I n MCHbBIIC

QSKCVﬂp s
TexXHonornueckas cebectonmocts 06padorkn Cip, -
BeiBogbl. B pabore momydeHO aHAIMTHYECKOE pENICHHE 00 YCIOBHAX
YMEHBIIEHUS TEXHOIOIMYeCKO ce0eCTOMMOCTH O0pabdOTKM M BO3MOXKHOCTH
peanu3anuy  BBICOKOCKOPOCTHOro pesanus. IlokazaHo, 4TO CKOPOCTh pe3aHUs
OTrpPaHUYCHA SKCTPEMYMOM (MHHAMYMOM) CE0CCTOMMOCTH 00paOOTKH. Y BEITHUYUTH
CKOPOCTb PE3aHHs M PEATU30BaTh YCIOBUS BHICOKOCKOPOCTHON 00paOOTKH MOXXHO
3a CYeT IIOBBINICHHS CTOHKOCTH PEXYIIEro MHCTPYMEHTa ITyTeM IIPUMEHEHHUS
Ooriee MPOYHBIX U U3HOCOCTOMKUX MHCTPYMEHTAIBHBIX MATEpUANIOB U TOKPBITHIA
UHCTPYMEHTOB, XapaKTepPH3YIOIIUXCS HU3KUM KO3(D(DUIIMEHTOM TPEHHSI.
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