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OIITUMIBALIA PEXKUMIB PI3BAHHS ITPU YUCTOBOMY TOYIHHI
AYCTEHITHHMX CTAJIEH PI3IISIMM 3 BHYTPIIITHIM TEILIOBIJABEJIEHHSIM

Buxopucmogyiouu memoo ninitino2o npoepamyeants, usHa4eri ONMUMANbHI PeXCUMU Pi3aHHs,
wo 3abe3neuyionmv MAKCUMAILHY HPOOYKMUGHICIb 00pOoOKU Npu 3a0aHOMY pieHi sKocmi 06pobaeHol
NOBEPXHI NPU YUCIOBOMY MOUIHHI AYCMEHIMHUX cmaell pisysmu 3 HYMPIUHIM Menio8i08e0eHHsIM.

Knrouosi cnosa: onmumizayis, npodykmusHicms, wWeUOKICMb, N00a4d, WOpCmKicmv, memne-
pamypa, mouinHs, pizeysb 3 6HYMPIUWHIM MENa08i08e0eHHIM.

Beryn. Y KOHCTPYKIIISIX Cy9acHHX MalIdH
BCe OLIBIIIE 3aCTOCYBAHHS 3HAXOMATH CIICIiaIbHI
MapK{ HEp)KaBiIOYHX Ta KapOCTIHKUX craiel ayc-
TeHiTHOro Kiacy. [Ipomecu TokapHOi 0OpOOKH
TAaKAX CTAJICH CYMPOBOKYIOTHCS IHTEHCHBHUM
TEIJIOYTBOPEHHSIM 1 BUCOKHMH TeMIIepaTypamu
Ha KOHTAKTHHUX TOBEPXHSX Pi3aJIbHUX IHCTPYMEH-
TiB, 3HAYHMMHU CHJIAMH Pi3aHHS Ta MIIBUILICHUM
piBHEM BiOpalliii. Yce 1e npu3BOIUTh A0 IIBHJI-
KOTO 3HOCY IHCTPYMEHTY, HEMOXKJIMBOCTI 3aCTO-
CYBaHHS MPOIYKTUBHUX PEKHUMIB pizaHHs Ta Oa-
raTOKPaTHOTO 30UIBIICHHS 4acy OOpoOKM jeTa-
ne [1, 2].

OnHuM 13 TEpCIEeKTUBHUX IUISAXIB BHPI-
HIeHHS 11i€ mpoOyieMH € 3acToCcyBaHHS 30ipHHX
TOKapHUX PIi3IiB 3 BHYTPIIIHIM TEIJIOBiIBEICH-
HsAM, M0 3a0e3MeuyloTh 3HAYHE IIiJBHMILCHHS
MPONYKTUBHOCTI 0OpPOOKM TakWX crajied i 3MeH-
IICHHS I1HTEHCHBHOCTI 3HOCY OaraTorpaHHHX
TBEPAOCIUIABHUX IJIACTHUH NUIIXOM IHTEHCH(iKa-
il BigBeneHHs Teruta i3 30Hu pizanHs [3]. Taki
PI3IIi TaKOXK JO3BOJISATH CKOPOTUTH OOCSTH BHKO-
pHUCTaHHS MacCTHJIBHO-OXOJIOJDKYBAIBHUX PiIvH,
SKI TIOpS 3 KOPUCHOIO JII€I0 Ha TEXHOJOT14HI
MPOIIECH METajI000pO0KH HETaTUBHO BILIMBAIOTh
HA HaBKOJIHMIIHE CEPEIOBUIIE Ta 370pOB sl poOiT-
HUKa 1 TOTPeOyIOTh 3HAYHUX BUPOOHUYUX BHU-
TpaT Ha iX BUTOTOBJICHHS, T0Aady B 30HY 00p00-
KU Ta yruiizamitoo. Pa3som 3 nuMm, He3Bakarouu Ha
pSI CYTTEBUX IepeBar iHCTPYMEHTIB 3 BHYTpI-
IIHIM TETUTOBIIBENICHHSIM, Y PEealbHOMY BUPOOHHU-
IITBI BOHU 3aCTOCOBYIOTHCSI IOPIBHSHO PIiJIKO.
OnHi€ro 3 IPUYHH, IO CTPUMYIOTH IIHPOKE PO3-
MOB-CIOJDKEHHSI TaKMX IHCTPYMEHTIB, € BIICYT-
HICTh METOJIWK Ta MPAKTUYHMX PEKOMEHMIAIl 3
PO3paxyHKy ONTUMAILHUX PEXXUMIB Pi3aHHS, 10
3a0e3MeuyIoTh JUIS 3aJlaHUX YMOB OOpOOKH Ta
BHUMOT JIO SIKOCTi 0OpOOJICHUX MOBEPXOHB JIOCST-

HEHHS MAaKCHMAalIbHOI TPOMYKTUBHOCTI. Tomy
BUPIIICHHS 3a3HAYEHOI POOJIEMH € aKTyaJIbHUM
HAyKOBMM 3aBJaHHSM 1 CTAHOBUTh 3HAYHUI
MPaKTUYHUH 1HTEpec.

Mera podoru. Mera 1iei poboTH
moJisirajia y po3poOiii MaTeMaTUYHOI MO, sSKa
JI03BOJISIE ~ BU3HAYATH  ONTHUMAbHI  POKUMH

pi3aHHs MPH YUCTOBIM TOKapHii 0OpoOIi aycre-
HITHHX CTalled Pi3LsMHU 3 BHYTPIIIHIM TEIUIOBi/-
BE/ICHHSIM.

IHocranoBka mnpodaemu. IIpoBenenuit
aHai3 psAay NyOmikaiiii, IPUCBSYCHHUX OINTHUMI-
3amii peKUMIB pi3aHHs, MOKa3aB, 110 HAWOLIBII
MOUIMPEHUM METOJIOM OINTUMI3allii PeXUMIB pi-
3aHHS € METOJ] JiHIHHOTO TporpaMyBaHHs [4—6],
IO JIO3BOJISIE 3/IIHCHIOBATH OJHOYACHY ONTHUMi-
3allil0 MIBUJKOCTI Pi3aHHs 1 Mojadi 3 ypaxyBaH-
HSIM JIIFOYHX TIPH pi3aHHI 0OMEKEHb 3a KpUTepi-
€M MaKCHUMaJbHOI MPOAYKTUBHOCTI. OOOB'SI3KO-
BOI0 YMOBOIO BHUKOPHUCTAHHS IIbOTO METOAY €
MOXIIMBICTD JIiHeapu3alii MUIboBOI (QYHKIIT i
obmexeHb. J{ns nmiHiitHOT 1iMboBOT QYyHKIIT 1 Ji-
HITHX OOMEXKEHb JOCHUTH 00pe po3poOIIeHHH i
IIUPOKO BHUKOPUCTOBYETHCSA TpadiuHUil MeTon
MOIIYKY ONTUMAIBHUX PEeXHMIB pizanHs [4]. YV
po6ori [7] aBTOopaMu OYB YCIIIIHO 3aCTOCOBAHMIA
METO/I JIIHIHHOTO MPOrpaMyBaHHs JJIsl OITHMI3a-
il peXUMiB pi3aHHS TPU YOPHOBOMY TOYiHHI
BaKKOOOPOOITIOBAaHUX MaTepialliB 3 ypaxyBaHHSIM
TEeMITepaTypHUX OOMEKCHb.

VY Toli e Yac ciiJ 3a3Ha4MTH, 0 MaTe-
MaTHYHI MOJIENI Ta METOIUKH, MPEACTaBJICHI y
HaBEJCHUX BUIIE Ta PSJI IHIIMX POOIT, HE 03BO-
JISIFOTHh TTOBHOKO MIpOIO BUPILIYBATH 3aJladi 3 OI-
TUMI3alil peXUMIB pizaHHS Tpu 00podIi iH-
CTpYMEHTaMH 3 BHYTPIIIHIM TEIIOBIIBEICHHSIM,
OCKUTBKH HE BPaxOBYIOTh PsiJi OCOOIUBOCTEN Ta-
Ko 00poOku [8, 9].
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Buxonsun 3 HaBeACHOro, aBTOPOM OYiI0
copMyIIEOBaHO 3a7jauy PO3POOKH MaTeMaTHIHOI
MoOJIeli TIpollecy pi3aHHsS, ska O BpaxoByBaia
0COOJIMBOCTI 0OpOOKM ayCTCHITHUX CTayiell pi3-
ISIMU 3 BHYTPIIIHIM TEIUIOBIABEICHHAM 1 J103BO-
JsUla BU3HAYATH ONTHMANBHI PEXUMH Pi3aHHS
MIPH YUCTOBIH TOKapHiil 00poOIi TAKUMH IHCTPY-
MEHTaMH.

OcHoBHi pe3yabTaTtu. OnTUMizaiis pe-
KHUMIB pi3aHHs SBIIsiE COOOIO MPOIIEC JOCITHCHHS
MaKCHUMaJIbHOT TIPOJyKTUBHOCTI 200 MiHIMaIbHOT
cobiBapTocTi 00poOKKM mpu 3a0e3redeHHi HeoO-
X1IHOT TOYHOCTI Ta SKOCTI. Y TepeBaXKHIil Oilb-
IIOCTI BUMAJKIB PSKUMH Pi3aHHS, NIPU SKUX J0-
CSTAETHCS MAKCHMAJIbHA MTPOAYKTHBHICTH, 3a0€3-
MeuylTh 1 MiHIMallbHY cOOIBapTiCTh OOpPOOKH.
MakcuManbHa MPOMYKTUBHICTE OOpPOOKH MOXKeE
OyTH JOCSATHYTa NpPU TMOEIHAHHI MaKCHMAaJbHO
JOMYCTUMHUX 3HA4Y€Hb IIBUIKOCTI Pi3aHHS Ta I10-
Jadi Ipy 3a1aHii rUOUHI pi3aHHs.

s BUpIlIEHHS 3agavi ONTHUMI3amii pe-
KHUMIB pi3aHHS HEOOXi1JIHO BCTAHOBUTH PsiJI KpU-
TepiiB Ta 0OMEXeHb. BiICYTHICTh TAKHX KPUTEPIiB
Ta 0OMEKEHb IS TIPOLIECIB 00POOKH ayCTEHITHUX
crajedl pi3lsMH 3 BHYTPIIIHIM TeEIJIOBiBEICH-
HSIM POOUTH HEMOKIIMBHM TTOJIANBIIE BUPIIICHHS
3a1ad 3 ONTUMI3allil PeXHMIB pi3aHHS, MO H
00yMOBJIIOE TIOTPEOY B MPOBEACHHI TAKUX OCTi-
JDKEHb.

JA71st 9uCTOBUX CTaiii 00pOOKH TOTOBHUMH
OOMEKEHHSAMHU HaWYacTille € IOPCTKICTh 00po0-
JIeHOT MOBEPXHi Ta CTIHKICTh IHCTPYMEHTY.

LinpoBOIO (DYHKIIIE Y IBOMY BHIAAKY €
MPONYKTUBHICTh 00pOOKH, MAKCUMYM SIKOT JOCSI-
raeThCs MPU MIHIMyMi OCHOBHOTO Yacy abo Mak-
CUMYMI J0OYTKY 71'S— max.

[Tpu umcToBiit 0OpoOIIi BBemeMO Taki 00-
MEKCHHS:

1) 32 MOXIMBOCTSIMH Pi3aJIbHOTO THCTPY-
MEHTY, 00yMOBJICHMH IIBHJIKICTIO pi3aHHs BiJl-
MOBIIHO 710 HIOT0 CTIMKOCTI, SIKi BPaXOBYIOTh BHU-
MOTH JI0 TEPiOIMYHOCTI 3aMiHH IHCTPYMEHTY Yy
3B'SI3Ky 3 OpraHizaiifiHoro (GpopMow 00CIyroBy-
BaHHs 00JIaIHAHHS:

mw-D-n <
1000

ne D — piamerp o0poOku, Cy, Ky — koeilieHTH 1
XV, yv, mv — TOKa3HUKH, SKi XapaKTepU3ylTh
CTYITiIHb BIUIMBY TJIMOHMHU #, TIOAaYl § i CTIHKOCTI
T Ha MIBUAKICTH pi3aHHSA V, 10 BH3HAYAIOTHCS
3aJIeKHO BiJI YMOB eKCIUTyaTallii; # — 4YacToTa
00epTaHHs 3ar0TOBKH;

Cv'kv (1)

= 9
va txv . Syv

2) oOMEKEeHHS 10 HIOPCTKOCTI MOBEPXHI.
lopcTkicTh MOBEPXHI HE TTOBUHHA TIEPEBUIILYBA-
TH HEOOXIJHY:

0,31 0,58 0,4 0,4
08547 s -7 -
- 006, 065 prp0.0s
1€ ¢, @1 — TOJIOBHUH Ta TOMOMDKHHUN KyTH Yy TLIa-
Hi pi3ls; 7 — pajiyc Npu BepiuHi pi3us; HB —
TBEPICTh OBEPXHI 3arOTOBKH;

3) oOMEXeHHS IO IOTYKHOCTI TPUBOILY
TOJIOBHOTO PYXY:

N, <N-1. 3)

Ra ; 2

EdexTnBHA MOTYXKHICTH pi3aHHS 3aJ1€KHUTh
BiJI IIIBUJIKOCT1 Pi3aHHs 1 CKJIaI0OBOI CHIIM Pi3aHHs
Pz:

Pz-v
-z )
10260
Pz = sz ‘txPz ‘Ssz ‘Van ‘sz , (5)

ne Cp., Kp. — KOehIUIEHTH 1 X, V., My — TOKa3-
HUKH, SIKiI XapaKTepU3yIOTh CTYIiHb BILTUBY TJIH-
OWHM f, IOJa4i § 1 MBUIKOCTI pi3aHHS } Ha CHITY
pizaHHs Pz, 0 BU3HAYAIOTHCS 3aJICKHO Bill yMOB
eKCIUTyaTallii; # — Koe(illieHT KOPUCHOI Iii mpH-
BOJly BepCTata;

4) oOMeXeHHS MO TOYHOCTI 0OpOOKH, IO
BHU3HAYAETHCS JKOPCTKICTIO TEXHOJOTTYHOI CHC-
TEMH i O0YMOBIIIOETHCS BENMYUHOIO IIPOTHHY ),

JieTai TijI Ai€10 CHITH Pi3aHHS:
. <0,057d , (6)

ne Td — IOIYyCK Ha BUTOTOBJICHHS JETaJIl.
3MillleHHS 3arOTOBKH Iijl €0 paaiaibHOT
CKJIaJI0BOi CUIU pi3aHHA P, IpH 1i 3aKpilieHHi B
LIEHTpaX BU3HAYAETHCS 32 (POPMYJIIO0
2 2
B Xy e =%, ()
3-E-1-L,,
I€ X, — BIACTaHb BiJl BEPUIMHH Pi3lid IO TOPI
3aroToBku; L., — JOBXKHMHA 3arOTOBKH; K — MoO-

IyJib TIPY>KHOCTI MaTepianly 3aroToBkd; [ — Mo-
MEHT iHEepIIil 3arOTOBKH.

— Xpy Yy Mpy
Py—pr't ) % 'kpy’ (8)

Ve

ne C,y, ky, — KOCPILIEHTH 1 Xy, Vpy Mpy — TIOKA3-
HUKH, SIKI XapaKTEepU3yIOTh CTYIiHb BILTUBY TJIH-
OWHH f, IOJ1a4i S 1 MBUIKOCTI pi3aHHS } Ha CHITY
pizaHHA P,, 110 BU3HAYAIOTHCS 3aJI€KHO BiJ] YMOB
eKCILTyaTalii.

_7'[~Dfp
64

Ae D,,~ CepenHiit JiaMerp 3aroToBKu;

; ©)
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5) oOMexeHHs 3a TPAaHUYHO JOIMYCTUMHMH
Jiara3oHaMy 4acTOT OOepPTaHHS IIMMHAEIS 1 1Mo-
nadi, OOYMOBJICHUMH KIHEMATHYHOI CTPYKTY-
POIO TIPUBOJTY TOJIOBHOTO PYXY 1 MPHUBOLY TOaY:

<s<S,. . (10)

58 i Siax — TPAHHYHO JIOIYCTHMI

Ry, Sn<n,.; S.

mi max ? i

Ac Pnin > Piax
4acTOTH 0OEpPTaHHS 1 oavi.

\

B pesynpraTi JiHeapu3allii  IiIbOBOI
¢GyHKIIT 1 0OMEXeHb MUISXOM JIOrapu(pMyBaHHS
1 BBiBIIM mMo3HaueHHs x; = In100S, x, = In n,
OTPUMAEMO MAaTEMAaTHYHY MOJENb MpOoIecy
pizaHHS, 0 BUpPa)KeHa TAKOK CHUCTEMOIO JIiHiii-
HUX HepiBHOCTEH, TpadivHO Mpe/CcTaBIeHNX Ha
puc. 1:

», - x1+x2<0b1,
0.58-x1-0.06-x2<b2,
yp, - xl+(np, +1)-x2<b3,

(11)

< yp,-Xl+np,-x2<b4,
x12b5,x1<b6,
x22b7,x2<b8,

(x1+ x2) —> max,

. N Yy
bl:ln[looo C,-k,-100

Dz -T" .tV

b2 =In

|

b3=In

Ra-(x- D)°% . 065 . [7g095 10058
0.85-1000008 . 031 04,04 ]’

b4 =In

6120-1000"72*) . N . .100°72
sz Pz ,D(”pz+1) ,n.(”pzﬂ) 'kpz ’

0.05-7d-1000"7 -3-2.1-10°- L -z - D,* -100™”

b5=Inn

min ?

[Ipuknan po3paxyHKy ONTHMAJIBHUX pe-
JKUMIB pi3aHHS HABEACHUN ISl YMCTOBOI TOKap-
HOi 00poOku Bana miamerpoM D = 100 mMm, 10B-
xkuHoto L = 250 MM i3 crami 12X18HIT (mirr-
HicTh 0, = 600 MIla, TBepaicts HB = 170). O06-
poOKa 3IIHCHIOBANIACh EKCIIEPUMEHTAILHUM Pi3-
1IEM 3 BHYTPIIIHIM TEIJIOBIABSACHHAM 3 MEXaHI4-
HUM KpIIJICHHSM  pi3ajbHUX TUIACTUH THITY
10114-110408 T'OCT 19065-80 i3 TBepmoro
criaBy Mapku T15K6 (reomeTpuyHi mapameTpu:
TOJIOBHU# KyT y IUIaHi ¢ = 45°, TONOMDKHU KyT
y wiadi ¢; = 27°, nepenniit kyr ¥y = 5°, 3aaHi Ky-
T o0 = oy = 7°, KyT Haxujly pi3ajbHOro Jie3a
A =5° paniyc npu BepinuHi 7=1 MM, BHIIT pi3is
[ =40 mwm, criiikicts T = 60 XB.; NIMOWHA pi3aHHS
= 0,5 MM, 3HOC 110 3a/HI} MOBEpxHi A, = 0,3 MM)

LY LY [
64-Cp, -1 -D"V.x"Y -kpy'(z] '(L_]

b6=Inn

2

b7=InS b8=InS . .

max > min %
HAa TOKApHO-TBUHTOPI3HOMY BepcTaTi Mopeli
16K20 (moTyXHICTh ENEKTPOJBUTYHA MPUBOILY
rosioBHoro pyxy N = 10 kBr, koedimieHT Kopuc-
HOl aii 1 =0.75). BennunHa mois DOmycKy Ha
posmip gmerami  Td =0.1 MM, IIOPCTKICTh
Ra =2.5MxM, cepeaHiii 00poOIItoBaHM aiaMeTp
3aroroBku D;=100 mmM.

Jnst 3agaHuX yMOB OOpOOKH TNPHHHATI
Taki Koeilmi€eHTH 1 MOKa3HUKH, MO XapakKTepu-
3YIOTh CTYIiHb BIUIMBY TJMOWHHM, 1Ofadi i CTii-
KOCTI Ha WBUAKICTH pisanHa [9]: C =195
m, =0.25; k, =1.0; x, =0.15; y, =0.45.
KoedirieHTr 1 MoKa3HUKH, 10 XapaKTe-

pHU3YIOTh CTYIiHb BIUIMBY TJIMOWHHW, TOjAaYi i
IMBUJAKOCTI Ha cuiy pizaHHsa:  Cp, =340,
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kp. =1, xp.=095 yp.=0.75 np. =-0.15 b=7.6; b=1.31; b;=10; bs=8.8; bs=2.5; bs=T7.4;
Cp, =243, kp, =1, xp,=0.9; yp, =0.6; b7=1.6; by=3.6. .

] Pospaxynku Ta modymoBa Mozeni mpoBo-
np, =-0,3. IAICh Yy MarematnyHomy nakeri MatchCAD.

3 ypaxyBaHHSM HaBEIECHHX BHIIE TaHHX
BHM3HAUEHO TaKi 3HAYCHHS MapaMeTpiB b;:

CxemMa BU3HAUCHHS OINTHMAaJbHUX PEXHMIB pi-
3aHHS TPH YUCTOBOMY TodiHHI cram 12X18H9T

300pakeHa Ha puc. 1.

Xz
= 4
N A
\\\H \;\1
\ P o | /{
: N -2 'l'\,h S L;f
% g = .
] S /
A e n
[ }f\\ ;’R\‘_\ y
Toee P 3 5 6 7 & ¥ T 01 2 K & & B # Al

Puc. 1. Cxema BU3HAYeHHS] ONTUMAJBLHUX PesKUMIB Pi3aHHs ISl YUCTOBOI0 TOUIHHS cTaJi
12X18HIT pi3usgmu 3 BHYTpilIHIM TeIUIOBiIBeAeHHAM (pi3ajibHA I1acTHHA — TBepauii ciiia T15K6 )

Baratokytauk ABCD Ha HaBeneHoMy pH-
CYHKY SIBJIIE€ COOOI0 00JIACTh MOXKJIMBUX PIIlICHb.
LinboBa ¢yHKIlis HaOyBae MaKCHMAJILHOTO 3Ha-
YeHHs B ToYlll D, /i SAKOI cyma BifcTaHeH 10
oceil (X1+X2) mMakcuMaibHa, MPO IO CBIIYMTH
KpaliHE MOKJIMBE MOJIOKEHHS JIHIT 9, 10 Xapak-
Tepusye HiIboBY (QyHKI0. KoopauHatu Touku
D (Xlomr, X200T) € MIyKaHUMH ONTHUMAJIbHUMHU
3HAYCHHSMH TapaMeTpiB, Ha TMIACTaBi SKUX
BU3HAYAIOTHCI OINTHUMAJbHI Mojaya 1 d4acrora
o0epTaHHs.

Touka D € TOUKOIO TEpeTUHY OOMEKEHb
MO0 TPAaHUYHO JIOMYCTUMOMY Tepiofy CTiHKOCTi
(1) i oOMexeHHI0 IO IMOPCTKOCTI MoBepxHi (2).

TakuM 4MHOM, JUI 3aJJaHUX YMOB 00pOOKH
OyNu BU3HAYEHI TaKi ONTHMaJbHI PXXUMHU Pi3aH-
HsI: 4acTOTa 00EpTaHHS Honr = 530 00/XB., oAaua
Somr = 0,183 MM/00. OnTrMajbHa MBUIKICTH Pi-
3aHHS IIPH 1IbOMY CTaHOBUTH Vo = 166 M/XB.

[IpencraBnenuii rpadik HArISIIHO LIFOCT-
PYE, 110 IPHU YUCTOBIH 00POOII ayCTEHITHUX CTa-
Jeld ONTHMAaJbHI 3HAYCHHS PSKHUMIB pi3aHHS HE
3aJIeKaTh BiJ MOTY)KHOCTI BepcTaTa 1 TOYHOCTI
00poOku (miHii 3 1 4), KIHEeMaTUYHUX OOMEXKCHb

Pmin, Pmax, Smin, Smax, (THIL 5, 6, 7, 8). Tomy onru-
MaJbHI PSKUMHU pi3aHHS Yy IIbOMY BHITAJIKy BHU-
3HAYalOTHCS OOMEKEHHSIMH T10 TIepioy CTIHKOCTI
Ta OOMEKEHHSIMU T10 MIOPCTKOCTI 0OpoOIroBaHOT
MOBEPXHI, 3aJaHUMH JTiHiIMH 1 Ta 2.

AJle cllij 3ayBaXKHTH, 10 MPU 00poOIIi ae-
Tajel MEHINUX JiaMeTpiB Ta OUIBIIMX JOBXHH
Oy/ie 3MEHIIYBaTHCh JKOPCTKICTh TEXHOIOTTYHOL
CHCTEMH, a pa3oM 3 muM Oyjne 30UIbIIyBaTHChH
3HAYUMICTh OOMEXKEHHSI 110 TOUHOCTI (JTiHis 4).

PesynmbraT  pO3paxyHKY — ONTHMAIBHOT
MIBUJIKOCTI pi3aHHsI, OTPHMAaHI 3 JOIOMOT'OI0 HaBe-
JICHOT MaTeMaTH4HOI MOJENI, MiATBEPIKYIOThCS
paHilile MPOBEJICHIMH TSI aHAJIOTTYHUX YMOB €KC-
MEPUMEHTAIBHUMH JOCITIPKEeHHAMH [8, 9], ne or-
TUMaJIbHA IBHMIKICTh pi3aHHS Vo, BHU3HAYaIach,
BUXOJSIYM 3 ONTHUMAIBHOI TEMIIEPaTypH pi3aHHs
O, VIS BIAMOBIIHOT MApH IHCTPYMEHTAJIBHOI'O Ta
00pobroBaHoro Marepianis. Po30i>kHOCTI pe3yiib-
TaTiB TpH ILOMY CTAHOBWJIM He Outblie 3-5 %, mo
MiITBEP/UKYE aJeKBaTHICTh Po3podiieHol Marema-
THUYHOT MoJieni. ICHyBaHHSI onTHMaIbHOT TeMIiepa-
Typu pizaHHS Oy,  TPH SKil JOCATAIOTHCS Haii-
MEHIIII eHepreTHYHI BHUTPATH TIPOIECy pi3aHHS,
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MITBEP/UKYETHCSI TAKOX pe3yJIbTaTaMH  JIOCITi-
JDKEeHb, HaBeIeHnMH y po0ori [10].

Ha ocHOBI i€l MareMaTWyHOl MOJENlI B
cepenoBuili MathCAD Oyna cTBopeHa IpuKiIa-
Ha Iporpama, 1o J03BOJISE 3 MiHIMAJbHUMH BH-
TpaTaMH Yacy BH3HAYaTH ONTHMAJIBbHI PEKHMH
pizanns. BukopucraHHsS 3a3HaveHOI Mporpamu
JIO3BOJIMJIO PO3POOUTH MPAKTHYHI PEKOMEHIAIT
JUIsl TPU3HAYCHHS PEKHUMIB pi3aHHS Mpu 00poOIIi
AYCTEHITHHX CTalled Pi3IsIMUA 3 BHYTPIIIHIM Tel-
JIOBIZIBEICHHSIM.

[MpomucnoBi  BumpoOyBaHHS  30ipHHX
TOKapHUX pi3iiB 3 BHYTPILIHIM
TerutoBigBeeHHsAM Ha 3aBonai TOB «Uepkacu-
eneBaTopMall» IoKa3alld, Mo Tpud 0oOpodIi
Jeraneil 13 JKapoOMIIHUX Ta KOPO3IMHOCTIHKHX
crajeil Ha PEKOMEHJOBAaHMX PESKHMaxX pi3aHHS
OyJIO JOCSITHYTO TIABHUIICHHS 3HOCOCTIHKOCTI
OaraTorpaHHMX TBEPIOCIUIABHUX IUTACTHH B
1,5...1,8 pa3y Ta NPOIYKTHUBHOCTI 0OpOOKH
neraneit Ha 30...50 % mnopiBHSIHO 3 PI3IAMH
CTaHJAPTH30BAaHUX KOHCTPYKILiH.

BucHorku:

1. CtBOpEeHO MaTeMaTUYHy MOJEIb IPOoIIe-
Cy pi3aHHS, 110 BPaXOBYE OCOOJMBOCTI YUCTOBOT
00pOOKM ayCTEHITHUX CTallell pi3IsIMU 3 BHYT-
PIIIHIM TEIUIOBIABEICHHM.

2. BcraHoBieHO, IO IPY YHCTOBIH 00poOITi
AyCTEHITHHX CTalled Pi3IsIMUA 3 BHYTPIIIHIM Tel-
JIOBIIBEJICHHSIM ONTHMAJIbHI PEKUMHU pi3aHHS
BHU3HAYAIOTHCS TOJIOBHUM UYHMHOM OOMEKEHHSIMH
O Tepiojy CTIHKOCTI IHCTPYMEHTY H IIOPCTKOCTI
00p00ITIOBaHOT MOBEPXHI.

3. 3acTocyBaHHs PO3pOOJICHOIO MaTeMaTHy-
HOrO amapaTy I03BOJMIIO HiABHINUTH ©(hEKTHUB-
HICTh OOpOOKM ayCTEHITHMX CTajiell 30ipHUMH
TOKapHUMH PI3ISAMH 3 BHYTPIIIHIM TEIIOBiIBe-
JEHHSIM, a TaKOX Yy 2-3 pa3u 3MEHUINTH BUTPATH
Yyacy Ta MaTepialliB IIpH PO3po0Ili peKOMEHaallii
3 MPU3HAYCHHS ONTHMAJIBHUX PEKUMIB pi3aHHS
JUISl TAKHX MaTepialis.
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OPTIMIZATION OF CUTTING CONDITIONS AT FINISH TURNING
OF AUSTENITIC STEELS BY CUTTERS WITH INTERNAL HEAT SINK

The lathe turning processes of stainless and heat-resistant steels of austenitic type are accom-
panied by intensive heat generation and high temperatures on contact surfaces of cutting tools, sig-
nificant cutting forces and higher vibrations level. All this leads to rapid tool wear, the impossibility of
using productive cutting conditions and multiple time increase of parts processing. One of promising
solutions of this problem is the use of prefabricated turning cutters with inner heat sink, that provide a
significant increase of productivity of such steels processing and reduction of intensity of many-sided
carbide plates wear by intensification of heat sink from cutting zone. One of the reasons that restrain
wide dissemination of such instruments consists in the lack of techniques and practical guidelines in
view of optimum cutting conditions that provide obtaining of the maximum productivity for specific
processing conditions and quality requirements to processed surfaces.

The purpose of this work was to develop mathematical model that allows to determine the opti-
mal cutting conditions in finish lathe turning of austenitic steels by cutters with internal heat sink.

1t should be noted that mathematical models and methodologies presented in many works, do
not allow to fully solve the problems of cutting conditions optimization during processing by tools with
internal heat sink, because they do not include a number of features of this processing. On this basis,
the task of developing of mathematical model of cutting process has been formulated by the author,
which would take into account peculiarities of processing of austenitic steels by cutters with internal
heat sink and allow to determine the optimal cutting conditions at finish turning of such tools.
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Using the method of linear programming the mathematical model is developed and optimal cut-
ting conditions are determined, providing maximum productivity for a given quality level of processed
surface in finish turning of austenitic steel by cutters with internal heat sink. The example of calcula-
tion of optimum cutting conditions is given for finish turning of a shaft with the diameter D = 100 mm,
length L = 250 mm, made of steel 12X18HI9T by experimental cutter with an internal heat sink.

Based on this mathematical model in MathCAD environment applied program that allows to de-
termine the optimal cutting conditions with the minimum waste of time has been created. The use of
this program allows to develop practical recommendations for cutting parameters setting at austenitic
steels processing by cutters with internal heat sink. Industrial tests of prefabricated turning cutters
with internal heat sink at "Cherkasyelevatormash" LTD factory have shown that at processing of parts
from heat-resistant and corrosion-resistant steels on recommended cutting conditions an increase of
ware resistance of many-sided carbide plates in 1.5...1.8 times and parts processing productivity — on
30...50 % in comparison with cutters of standardized construction is achieved.

Conclusions:

1. A mathematical model of cutting process that takes into account finishing peculiarities of
austenitic steels by cutters with internal heat sink is created.

2. It is found that at austenitic steels finishing by cutters with internal heat sink the optimum
cutting conditions are determined by limitations on the period of tool life and roughness of processed
surface.

3. The application of the developed mathematical apparatus allows to increase the efficiency of
austenitic steels processing by turning cutters with internal heat sink, as well as to reduce time costs
and materials in 2-3 times in the development of recommendations for setting of optimum cutting con-
ditions for these materials.

Key words: optimization, productivity, speed, feed, roughness, temperature, turning, cutter with
internal heat sink.
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