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HOBBIIIEHUE Y®»®EKTUBHOCTHU NPELU3UOHHON CBOPKHA
ONTUMM3ALMEN ITPUITY CKA JJISI CONPSI)KEHHOM OBPABOTKH

PaounoBuu JI. A., llossikoBa M. B. (Bonel TV, 2. Boneoepao, Poccus)

The increase of productivity of the interfaced processing is connected with necessity to
reduction of number of passes at final dimensional processing of preparations, which adjusted
to the size for pair details of precision connection. For this purpose it is necessary to reduce
maximum deviations of an allowance by the size of a processable surface of preparations, It
leads to occurrence of a quantity of not completed details. Minimization of cost of total
expenses at certain technological conditions of precision assembly by a method of the
interfaced processing solves in the form of a problem of linear programming, as a result of
which optimum deviations of the sizes of an allowance at the preparations adjusted towards
the size of pair details of precision connection are established. The decision is illustrated by
an example of connection «a finger — an aperture in internal-combustion engine».

IIpu cOopke MNPEeHU3HMOHHBIX Y3JOB IO CIOCO0Y COMNpsDKEHHOW 00paboTKu
MOBCPXHOCTb  COIPSKCHUA OHHOﬁ u3 z[eTaneﬁ HN3T0TaBJIMBACTCA B JKOHOMHWYCCKU
nenecooOpa3HbpIX JIOMycKaxX, a 3aTeM K pa3Mepy OJHOW U3 JeTajeid COeTUHEHUs
ABTOMATUYECKH IMOJTOHACTCS pa3Mep CONPSAraeMOd MOBEPXHOCTH MapHOM netanu (0ObIYHO
BaJI MIOJIOHSIETCS TOJ] pasMep oTBepcTusi). Bo m3dexaHue BO3ZHMKHOBEHHUSI HE3aBEPLICHHOTO
IMPOU3BOJCTBA, BaJl, HOCTyHaIOH_[I/Iﬁ Ha COIIPAKCHHYIO 06pa60T1<y, AOJDKCH HMMCTH pasMep
0oJIbIIIE AUaMCTpa OTBCPCTUSA KaK MHHUMYM Ha BCIWYHUHY IIPUITYCKA Ha OKOHYATCIBHOC
nrtudosanue. [Ipu sTom auamerp Bana d 10/mKeH OBITH TAKUM, YTOOBI TIPU COOPKE C TApHBIM
OTBCPCTHEM JUAMETPOM D oGecnieunBaics pa3MEp 3aMBIKAOIICTO 3BCHA (BGHI/I‘-II/IHa A 3a30pa
WJIN HaTdATra B COGI[I/IHCHI/II/I) Tpe6yeM0171 BCIIMYHNHBI.

Banbl 10 conpsikeHHOM 00pabOTKH BBIMOJIHSAIOTCS, KaK MPaBUiIo, rpydee OTBEpCTUH U
pasMEpbl  COTIPATaCMbIX ,[IeTaJIefI B MapTUAX PpacClpeacIdroTCcd C HCOAWMHAKOBBIMHA
rapamMeTrpamMu pacceuBaHusd. Tak Kak IPUIIYCK SBIIETCS CIy4allHOW BEJIIMYUHOM U
MMPpEaACTABJIACT co0oit CyYMMY cnyqaﬁme OTKJIOHEHUU ANaMCTpPOB d 3aroToOBOK BaJIOB H
OKOHYaTenbHO oOpaboTaHHBIX oTBepcTuil D, TO pacmpenenenue npumycka Ha 00pabOTKy
Bajia OyJeT HOpMaJIbHBIM ¢ MaTeMatndeckuM oxxkuaanuem M(I1) u aucnepcueii S7y;, KoTopbie
MO’KHO HaiTH 1o opmynam:

M(IT)=05-(5p +11q) +HM¢[A]5(M); (1)

1 2 2
S2 =— (58 +11%),
n =300 + 1)

riae 3HaK «+» mepena [A]y — s cOOpku ¢ HaTsIroM, a 3Hak «-» nepex [Als — mis cOopku ¢
3a30poM; Op — JOMycK Ha oTBepcTHe; Iy — MPUIYCK 3aroTOBKU Bajia IMOJ MOCIEIYIOIIYIO
pa3MepHyto 00paboTKy; I, — BenrMunHa MUHUMAJILHO JOMycTUMOTO Tipunycka; [A]y u [Als —
BEJIMYMHBI COOTBETCTBCHHO MUHUMAJIBHOTO M MaKCHMAIILHOTO JOMYCTUMOTro HaTsra (3a3opa)
B COCIMHCHUM.

OueBUIHO, YTO MOJIC PACCESHHS CITyYaiHOTO 3HAYCHUS MPUITYCKa y 3arOTOBKH BaJa,
Oyaoer mpeBbIIATh BEIMYHMHY, CHHMAacMyl B OAMH MHPOXOA. B cpeaHeM mpu MOArOHKE
CONpsIraeMOi MOBEPXHOCTH BaJjia YUCIIO POXOJIOB PACCUUTHIBACTCS 110 opMyie:
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k
R=Xi-P (npox/ner) (2)

i=1

rac K —B03MO3KHOE HAMOOJIBIIEE YHCIIO MpoxXoa0B, OMNpCACTIACTCA C YUYCTOM MNPCACIBbHOIO
3HaA4YCHUA Tpe6yeMoﬁ TOYHOCTH COCAUHCHMSA U PACCUUTHIBACTCA KaK.

op +Ily

k= - ;
nax1¥{A]u(s)

@)

ITmaxt - BETMYMHA MAKCHUMAaJbHO JOMYCTHMMOTO NIPHUITyCKa Ui 0OpabOTKM JeTaad B OAMH
npoxox a Pj — BeposTHOCTh 00paOOTKM TeKylleld 3aroTOBKH 3a 4YHCJIO IPOXOJOB I,
paccuuThIBaeTcs 1o popmye:

- Mep -(-1)- (ISY max1¥1Alu(s)) r Mep —i- (17 rgaxﬁ[A]M(m) ; "

31ech, Kak U B BoipaxkeHuu (1), 3Hak «+» mepen [A]s — mist COOpKH ¢ HATATOM, a 3HAK «-»
nepen [A]w — mis coopku ¢ 3a30powm, a [l — cpeHee 3HaUCHNE MPUITYCKa Y 3arOTOBKH BaJa.

Cokparuth R MOXHO 3a CyeT YMEHBUICHHMS CpEIHEro 3HA4YCHUs MPHUITyCKa H
JOMYCTUTh, TEM CaMbIM, BO3HUKHOBEHHE HEKOTOPOro 00beMa HE3aBEPLICHHOHN MPOMTYKIIHH.
[TosicHuM cka3zaHHOE Ha CIEAYIOILEM IpuMepe.

B coenuHeHumn «manem-oTBepCTHE B MOpIIHE» auameTrpoM [160 MM HeoOxoammo
oOpa3oBaTh HaTAT A OT 7 10 17 MKM; mpH 3TOM y OKOHYATEIbHO 00pabOTaHHOTO OTBEPCTHUS
BbIZIepkUBaeTcs TouHocTh auamerpa N5: ot 0,015 no 0,028 mm. Benuumna npumycka st
YUCTOBOIO NUTM(OBAHMS MaJbLA HA KPYIIIOUUTH(OBAIILHOM CTaHKE COCTaBIIsieT He MeHee 60
MkM [1], a BenuuuHa, CHUMaeMas B OJMH MPOXOJ, JIGKHUT B mpeaenax or 5 go 15 mxw.
Bennuuna R s nansoro npumepa cocrasisier 2,01 npox/aer.

[Ipy  yMeHbIIEHWM CpeAHEH  BENWYMHBI MNPHUIyCKAa Yy  3arOTOBKM  Baja
COOTBETCTBYIOLIMM 00pa30oM YMEHbBIIACTCS CPEAHss BEIMYMHA IPUITycKa Ha 00paboTKy, YTO
M3MEHUT BeIMYMHY R M mpHBeneT K MOSBJICHUIO HEKOTOPOW BEPOSITHOCTH ( OTKa30B B
00paboTKe OUepeHOM 3aroTOBKU. 3HaUEHUE (] MOKET OBITh OIpeIeNIeHo Mo (hopmyIie:

Mo —1IT
q=05-F 3——°pS @ (5)
n

U COOTBETCTBYIOLIME M3MEHEHUsl BO3HHMKAIOT Ipu pacuere BenuuuHsl R. Ilpu casure Il B
cropoHy ymenbmenus Ha BennuauHy (Il — 1))  u R cocraBmsior, coorBercTBeHHO 2% U
1,757 npox/mer. OueBUAHO, YTO C TOCJIEIYIOUIMM HU3MEHeHHeM R 3Hauenue ( Oyxper
YBENUYMBAThCS, @ R — yMeHbIIaTbCs, M3MEHSAsA, TEM CaMbIM, 3aTpaTHbIE pPacxonIbl Ha
NPELU3NOHHYI0 COOpKY. BMecTe ¢ TeM, 04eBHIHO, YTO MOTEPH, CBSI3aHHbIE ¢ 0Opa30BaHUEM
HE3aBEPIICHHON MPOIYKLIHUU M 3KOHOMHUS 3aTpaT OT COKPALICHHUS PACcXOO0B HAa BBINOJHEHHE
IPUTOHOYHBIX Omepanuid OyAyT HE paBHO3HAYHBI M TPEOYIOT COOTBETCTBYIOLIETO AHAIN3A.
[To ero pesynbTaraM TEXHOJIOTUYECKHUE YCIOBHS CONPSIKEHHOM 0OpabOTKU MOJDKHBI OBITH
ONTUMHU3UPOBAHBI 110 MTAPAMETPY CTOMMOCTH.
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IlonydeHue  ONTUMAIBHOIO  PELICHHs, KOTOPOE  ONPEACIUT  COOTHOILLICHHUE
HOMUHAJIBHBIX 3HAUEHUN JMAMETPOB OTBEPCTHS M 3aroTOBOK Bajla, IIPU KOTOPOM
KOMITPOMHCCHBIE BEIUYUHBI CPEIHEr0 4Hcia NpoxoaoB Ha naetanb (Rj) M BepoATHOCTH (]
HEBO3MOXXHOCTH TIOJATOHKM 3arOTOBKM Bajla IMOJ OTOOpaHHYIO s COOpKH JeTanb C
OTBEPCTHEM, JOJDKHBI MPHUBECTH K MHUHUMAIbHOW cToMMocTH L1 mpenu3moHHON COOpKH.
LleneBast pyHKIUSA 3a/1a4d JIMHEHHOTO MPOrPaMMHUPOBAHUS TSl TAKUX YCIOBUHM OyIeT UMETh
BH/I:

H
1=Cy

H .
‘Rj +C2.j:1‘qj — min, (6)
IPH OTPaHHYCHHUSIX: 1< Rj < Rmax;
0<gj<1;1<j<H,

] — IOpAAKOBBIII HOMEp OuYepeqHOTO mIara, Ha KOTopblid casuraercs Ile,, H — MaKCUMaJIbHO
BO3MO’KHOE KOJIMUECTBO MIAroB,; C1 - pacxo/ipl, 3aTpaulBaeMble Ha OCYIIECTBIECHHE OJHOTO
npoxoaa (GUHUIIHON pa3MepHON 0OpabOTKH NMpHU MOATOHKE 3arO0TOBKU Bana; Cy — CTOMMOCTD
OJTHO¥1 Maphl CONpsraeMbIX JeTayel, MOJArOHKa KOTOPBIX OKa3ajach HEBO3MOXKHOM (T.€. 0JTHON
€IMHUILIBI HE3aBEPILICHHOW PO TYKIIHH).

JlanHas 3a/a4ya ONTUMH3AIMUA OTHOCUTCS K KJIAcCy JIMHEHHOTO MPOrpaMMHUPOBAHUS.
Ee pemienue i TaHHBIX paHee MPUBEJICHHOTO pUMepa 1 i yciaoBHbIX 3HaueHuit C1 u Co,
paBubix 0,2 u 1,0 COOTBETCTBEHHO, PEKOMEHJYeT CIEAYIOIIME ONTUMAJIbHbIC YCIOBUS
COMpsDKEHHONW 00pabOTKU: cpefHee YHCIO MpOoXOoJa0B Ha aetanb R = 1,64, BeposSsTHOCTH
MOSIBJIGHUST HE3aBEpLICHHOro mpousBoAcTBa ( = 4%, MUHUMH3UpPOBAHHAS YCIOBHAS
croumocts koMmiuiekta L1 = 0,369. 3naueHus npuiycka Ha OKOHYATEIbHYIO pa3MEpHYIO
00paboTKy OMpEeNeNsfOTCS 0 HAWICHHOW ONTUMAIIBHON BEJIMYHMHE BEPOSTHOCTH TOSBICHUS
He3aBeplIeHHOW mpoaykuuu u coctaBmsror: I, = 0,018 mm; Il = 0,078 wmm;

ONITHMHU3UPOBAHHBIMU Pa3MepaMH 3aroTOBOK Manbia oyayt — & 601%81% MM.

D dexTHBHOCTD conpsKEHHONW 00pabOTKKU MOXKHO clieaTh emle 00see BEICOKOM, ecliu
BBITMIOJIHUTh TMOJTOHKY 3arOTOBKM I0JI pa3Mep OKOHYATEIbHO 00pabOTaHHOW MOBEPXHOCTH
MapHOW JIeTajal COEAMHEHUs], OTOOpAaHHOM M3 M MpeIBapUTEIbHO aTTECTOBAHHBIX JIE€TaleH 1O
MEHbIIIEMY a0COIIOTHOMY OTKJIOHEHHIO IPUITYCKA OT CPEeTHEH BETMUNHBI.

Torpa npenenbHble OTKIOHEHHs TNpHITycKa Ha OOpabOTKY 3aroTOBKH CYIECTBEHHO
YMEHBIIAIOTCS, a (PYHKIUS IUIOTHOCTH BEPOSITHOCTH MPHITyCKa MpHoOperaer Bua [2]:

m m
fn (X) = Zl Pn(X)- Hl[l—ZFn (Ol (7)
n= =
n=m

X
3meck By (X)=[¢n(2)dz, a noxpiaTerpanbHas GpyHKIHs BhIpakaeTcs: HGOpMyIIOii:
0

144



HNHXEHEP, Ne 11, 2010 r.

BBICOKO3®®EKTUBHOE TEXHOJIOI'MYECKOE OBOPYJOBAHHUE. ITPOBJIEMbI
IMPOEKTUPOBAHUA

O IR S

rae @(lJ — gynkus [aycca, a F(KJ— ¢ynkus Jlamnaca.
o o

JUis  MOCHenyroIuX pacueToB BEPOSTHOCTHBIX XapaKTEPUCTUK  COIPSDKEHHOU
00pabotku GyHKIHs (7) MOXKET OBITh aNMPOKCUMHUPOBaHA pacrpereicHueM ['aycca ¢ Takum
K€ MaTeMaTHYECKUM OXXKUJAaHHEM M BEJIMYMHOW CPEIHEro KBaJpaTUYHOTO OTKIOHEHUs (o),
paccunTbiBaeMoro st pyukuuu (7).

Jlist yKa3aHHOTO cilydasi B 3ajjaye ONTHMHU3ALMHU 3aTPAT Ha CONPSHKEHHYI0 00paboTKy

M
,Z[OG&BJISIGTCH TPEThb COCTABJIAOMIAA [C3-m_1|mj, CBs3aHHas C 3aTpaTaMHd Ha aTTCCTalUlo,

aJpECHOE XPAaHEHUE U BBIIIOJHEHHUE BBIYMCIMTEIBHBIX OIEPAllUil 10 ONPEACICHUI0 ITapHOU
aerany, otOupaemoit s conpsbkeHus (M — MakCHMaiabHOE KOJIMYECTBO HPEABAPUTEIHLHO
aTTeCTOBBIBAGMBIX JeTajell coeaumHenus). [ns mpumepa pacuera mpumem C; = 0,05 or
ce0eCTOMMOCTH €MHHUILIBI HE3aBEPLICHHON MpoAyKiuu u M = 6 geraneil. Torma neneBas
GbyHKIUS 33024 TUHEHHOTO NMPOrPaMMHUPOBAHUS MIPU YCIIOBUH, YTO M < M, nmpumeT BUJ;

Hm Hm 6 ]
L=Cs-. ‘ij+C2- djm +Ca: _|m—>m|n, 9
J:]_ ! J:]- ! m—l
Jlist paccMaTpUBaeMOro 4UCJIOBOTO IPUMEPA MOJIyYUM CIIEAYIOIINE Pe3yIbTaThl. M =

3 nmertanmu Juis MpeaBapUTENbHOro cpaBHeHus; R = 1,265 mpox/met; q = 1%; L = 0,353;

40,062
+0,002 MM

[IpoBeneHHble UCCIEIOBAHUS AAIOT OCHOBAHUE 3aKJIIOYUTh, UYTO TEXHOJOTHUYECKHE
BO3MOHOCTH aBTOMATHYECKOW IOJATOHKH TIO3BOJISIIOT OpPraHu3oBaTh 3()(HEKTUBHYIO IO
KaueCTBY U DKOHOMHYECKUM MOKA3aTEeNIM IMPEIU3UOHHYI0 COOPKY METOJIOM COMPSHKEHHON

ONTHMM3MPOBAHHBIMHU pa3MepaMu 3aroTOBOK maibla Oynyt — @60

00pabOTKH B TOYHOM MAIIMHOCTPOEHHUH IIPU YPOBHE CEPUITHOCTH, CPAaBHUMOM C YCIOBHUAMHU
cOOpKHU C TPYNIOBOI B3auMo3aMeHseMOCThI0. [Ipy 3TOM onTUMH3anus NPHUITyCKa 3ar0TOBOK,
MIOATOHSAEMBIX II0J pa3Mep IAPHBIX JETajled COCOUHEHUs IPUBOJUT K CYIIECTBEHHOMY
MOBBIIIEHUIO MPOU3BOUTEIBHOCTH COOPOYHOTO MpoIiecca.
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