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AHoTauia. MNMpeacTasneHa MeTOAMKA ONTUMI3ALIT PEXKUMIB pi3aHHA IHCTPYMeHTamMu
3 KapOboHITPUAHUM NOKPUTTAM Mif Yac TOUYIHHA BUCOKOMILHMX YaBYHIB 3 BUKOPUCTaHHAM
MeTOAy NiHiAHOro nporpamysaHHs. Ha nigcTasi f4ocnifg>KeHb TEenaoBUX ABuULL Mifg yac 06poob-
KV YaBYHIB ONTMMa/bHI Nofadi Ta LWBUAKOCTI pi3aHHs, Lo 3a6e3MnedytoTb MakcumabHy npo-
[AYKTUBHICTb 06POOKM, BU3HAYEHI 3 ypaxyBaHHAM TeMMepaTypPHUX 0OMEXKEHD.

Kno4oBi cnoBa: TOYiHHSA, YaByH, OnTuUMI3auis, WBUAKICTb, Nogaya, NOKPUT TA.

MigBULLEHHS NPOALYKTUBHOCTI BUIOTOB/IEHHA [eTasleld MaliMH — aKTyalbHa 3ajada
Cy4aCHOro MaluMHOOyayBaHHS, sKa Halbinbll epeKTMBHO BUPILLYETLCA Ha NiAcTaBi BUOOPY
pauioHanbHKX napameTpiB MexaHi4HOT 06PO6KW.

Haibinbw 06rpyHTOBaHe NiABULLEHHS PEXMMIB pisaHHA BUKOHYETLCA Ha NifgcTaBi or-
TUMI3aLiT 3a KpUTEPIEM MakKCMManbHOT NPOAYKTUBHOCTI 3 BUKOPUCTaHHAM MEeTOAY NiHINHOro
nporpamyBaHHs [1], AKWiA [03BONSE 3MINCHIOBATA OAHOYACHY OMTMMI3aLlit0 LLUBMAKOCTI pi-
3aHH$ | nofadi 3 ypaxyBaHHAM LiH0UNX 0OMEXEHb.

MepcneKTMBHUM HanNpPsMKOM YLOCKOHa/IEHHS MPOLECIB MexaHi4YHOoi 06pobKu B Ha-
CTYMHWI YaC BBXKAETHCA LUMPOKE BUKOPWUCTaHHS TBEPAOCMNaBHUX IHCTPYMEHTIB 3i 3HOCO-
CTIIKUMWN NOKPUTTSAIMK 3 KapbigiB, HITPUAIB, KapOOHITPUAIB TUTaHY, SKi CYTTEBO NiABMLLY
tOTb CTIMKICTb pi3a/IbHOro iIHCTPYMeHTY [2].

IMig yac TOYIHHA YaBYHIB BHAC/IAOK BUCOKMUX TeMMe-

' 7 . i :
qapyn BH60 / paTyp pi3aHHS 3Ha4yHy Po/b Bifirpat0Tb TemnepaTypHi 06-
saeyn BUA0 MexeHHs [3, 4]. OfHaK, B CyyacHiii [OBiAKOBO - HOPMATVB-
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Hili niTepaTypi iHhopMauis Npo TemnepaTypHi 0OMEXEHHS

200 7
// / ANs Pi3HUX yMOB 06p06KKU, B TOMY CKnafi Ans 06pobku ya-
ZAd

BYHIB iHCTPYMEHTaMM1 3 MOKPUTTSM, AOCUTb OGMEXEHa, L0

500 ¥ f"\anyH FU30.6 noTpe6ye NoAabLINX AOCTI/DKEHD B LibOMY HarpsiMKy.
/an 4 OO MeTta pob0TU - BU3HAYEHHA OMTUMAIBHUX PEXMMIB
400 i pi3aHHA Mif Yac TOYIHHA BUCOKOMILHMX YaBYHIB IHCTPYMEH-

Tamu 3 NOKPUTTAM 3a KPUTEPIEM MaKCUMa/IbHOI MPOAYKTUB-
HOCTI 3 ypaxyBaHHAM TemrepaTypHUX 0OMeXeHb.
201000 200 3007 ahan . LocnimKeHHs TeNI0BMX SBULL, Nif, Yac c_)6po6KV|_any-
HiB CBiA4aTb MpPo Te, L0 He3BaKatouM Ha MeHLLI CUK pisaHHA
B NMOPIBHAHHI 3i CTa/IIMK, LLINILHOCTI TEMI0BUX MOTOKIB B 30Hi
pi3aHHA MepeBULLYIOTb LWiNbHICTL TEMNIOBMX MOTOKIB Mifj yac
00pOOKK CTanei, BHaCNiAOK iICTOTHO HMDKUMX NOLLAA0K KOH-
TaKTy CTPY>KKM 3 NepeaHbO0 NoBEPXHeto nesa. [4].

OfiHaK, 3Ha4YHO 6inbLUa TenJIoNPoBIAHICTL OAHOKap6I-
AHWUX TBepAMX cnnasiB rpynu BK B NOPIBHAHHI 3 ABOX Kap-
6igHUMK cnnaBamn rpynu TK, a TakoX 3Ha4YHO MeHLUI KOH-
TaKTHI NJOWAAKM Ha nepefHiin NoBepXHi, 06YMOB/IOKOTL CKIAAHWUIA CYKYMHWIA BNNB HA TEM-
nepartypy pi3aHHs.

Ha puc. 1 npeacTasneHi rpadiiki 3a1eXXHOCTI TemnepaTypu pisaHHs @ Bij, WBWMAKOCTI
pi3aHHSA B YMOBax TOKapHOI 06po6KmM pi3HUX YaByHiB: cipux CY20, koBknx KY30-6, BUCOKO-

Puc. 1. 'padikn 3anex-
HOCTI TemnepaTypu pi3aHHA
© Big wBngkocTi V nig vac
TOKapHOI 06pO6KM YaBYHIB:

rNbuHa pizaHHA t=3mm;
nogayva S=0,3mm/06
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MiuHMx BU40 Tta BU60. TemnepaTypa pi3aHHA CYTTEBO 3pOCTaE 3 MiABULLEHHAM LUBUAKOCTI
pi3aHHA, TBePAOCTI Ta MILHOCTI YaBYHIB.

3 BMKOPUCTaHHAM MHOXXWHHOIO PErpeciiHoOro aHasnisy BCTaHOB/IEHI aHaNiTUYHI 3anex-
HOCTI TemMnepaTypu pi3aHHA Bif, LWBMAKOCTI pisaHHA V, nogadi S 1a rnbuHM pisaHHsa t, Aki
KiJIbKICHO XapakTepu3yloTb B3aEMO3B’S30K MK LMW rapaMeTpamu Ans 06pobKM 4YaBYHIB
TBEPAVMU CNiaBamu:

@3 - C@V 0'658 O,38t0,2 , (l)
ae Co — KoeiLieHT, L0 3a/1eXaTb Bif YMOB 00pobKu: ans ciporo YaByHy CH20 Ce; = 28,5;
Ana KoBkoro YaByHy K4Y30-6 Cop = 24,6; ons BucokomiuHoro yasyHy BU40 Cez = 30,5;
BY60 Ce4 = 34,1.

Po3paxyHKK cBifyaTb Npo Te, WO TeMnepaTtypa pizaHHA B NEBHUX YMOBaxX 06p0O6KM pi-
3HMX YaBYHIB MOXe MepeBuLyBaTi AonycTuMUiA pieeHb 800°C, L0 NOTpebye ypaxyBaHHS
TemrnepaTypHMX 06MeXeHb Ta BXXMBAHHS 3aX0LiB /15 3HUXKEHHSA TeMnepaTyp.

Mg yac onTUMI3aLiT peXXMMIB pi3aHHA AK LifiboBa PYHKLIA PO3rIaAaETbCA NPOLYKTUB-
HiCTb 06pPO6KK, 06YMOBNEHA OCHOBHNM YacoM: t, = L/nS (L — 4oBXKWHa 06pobKu, n - YactoTa
obepTaHHs, S — nogaya). Makcumym NpPoAYKTUBHOCTI JOCATAaETLCA NPU MiHIMYMi OCHOBHOIO
yacy, abo MakcMMyMi go6yTKy n-S — max.

IMif Yac TOKapHOT 06POOKKM YaBYHIB PO3r/IAAaOTLCH OOMEXKEHHS: N0 MOX/IMBOCTSX Pi3asib-
HOrO IHCTPYMEHTY, MO MOTYXXHOCTI Pi3aHHA, N0 MILHOCTI JepXaBKu Pi3Lsd, N0 MILHOCTI NMNaCTUHM
pi3Ld, NO TeMnepaTypi pisaHHA, NO NPUNYCTUMKX [iarna3oHax YacToT 0bepTaHHs | nogau.

B pe3ynbTati niHeapusauii LifboBOT PYHKLIT 1 06MeXeHb LUNAXOM /ToraprimMyBaHHA
A1 TOKapHOI 06p06KM YaByHa BU3HAYeHa HaCcTyrnHa matematuyHa MoLe/b NPoLecy pisaHHS:

b, = InfL000C, Ky, K /2DT "™ )

D(1+yVXZSb1, 3 (n +2) (n +1) X
- P p pl-
gnp +1)X1+ypX2<h,, b '”(6[10 2 '\ICT”/CF’KF’(”D)n Xt )
T, X1+ yo X2< b, by = In{g, BH21000" /61C, K » (D) t*7 K3
O
Ve X2 by, b, =In(34c1 K , /CoKps st 5077, )
2 X1+, X2 by, Z Z
szbﬁ, X1<b,, by =|n(1000 ‘0 /CeKe(ﬂD)t);
[X22hg,X2<hy, b = 1N Nimin; D7 = I Nax; Bg = In Spyin; bg = IN Spax.
HX1+X2) - max, fe D — fiaveTp 06po6Ku; t — rMbMHa pisaHHS; T- CTIMKICTb iH-

cTpymeHTy; Cy, Ky — NOCTiHWIA KoedilieHT Ta KoeqilieHT, Lo
BPaxoBYeE YMOBU 06p0OKM; Kt — KOe(ILiEHT, L0 BPaxoBYe MiABULLEHHS CTIAKOCTI Ans iHCTpyme-
HTY 3 NMOKPUTTAM; Xy, Yy, M — NOKA3HUKM, L0 XapaKTepu3ytoTb CTYMiHb BNINBY MNGUHK, Nogadi
Ta CTIKOCTI Ha LWBMAKICTb pi3aHHs; Cp, Kp - NOCTIlHMIA KOeiLliEHT Ta KOe(iLieHT, LLIO BPaxoBYye
YMOBW 06POBKU; Xp, Yp, Np — MOKA3HMKK, LLIO XapaKTepu3yoTb CTYMiHb BIUBY MMOUHW, NMoAadi
Ta LWUBWAKOCTI Ha Cuily pi3aHHaA P,; 77 - KoediLieHT KOPUCHOT Aii nepesay BepcTara; C — TOBLUMHA
nnactuHu; Ko = (sin60%sin)>® - koediLlieHT, LU0 BpaxoBye FON0BHUIA KyT pisLs B MnaHi ¢. Co, Ko
- NOCTIAHWUIA KoeiLliEHT Ta KOediLLIEHT, L0 BPaXOBYE YMOBW 0BPOOKM; X, Vi, Zt - MOKA3HUKM, WO
XapaKTepusytoTb CTYMiHb BMIMBY MNMOGUHK, NoAadi Ta LWBUAKOCTI HA TeMNepaTypy PisaHHS; Nmin;
Nmax; Smin; Smax - TPAHWUYHO MPUMYCTUMI fianasoHn YacToTKU 0bepTaHHS Ta nogad, 00yMOB/EHI
KIHEMaTUYHOI CTPYKTYPOIO NMPUBOAIB FO/I0BHOMO PyXy i mofay:
MpuKnag BU3HAYEHHS ONTUMa/IBHUX PEXUMIB pi3aHHA NpUBeLeHWIn ANs TOKapHOi 06-
POOKM Ha TOKApPHO-FBMHTOPI3HOMY BepcTaTi 16K20dP3 koniHYacToro Basy KOMMpecopiB no-
OYTOBMX XONOANbHUKIB 3 BUCOKOMILHOI0 YaByHy BU40, 36ipHUMM Pi3usaMM 3 MeXaHIYHUM
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%1 3aKpinieHHsM TBepgocnnaBHUX nnacTuH BK8 3
3 g'( KapOOHITPMAHMUM MOKPUTTAM, fKE CYTTEBO Mif-

7 O3 BULLYYE CTIMKICTb IHCTPYMEHTY, L0 B MaTemaTuy-

) ] HOKP\ o Hil N!o,qeni (2) BPax0oBYEThLCSA K(_)e(piu,ieHTovM Kr =
X1, %7- 'S 4 [2]; reOMeTpUYHI NapameTpu: rONIOBHUIA KYT B

nnaHi ¢=45°, nepefHint KyT »=10°; TOBLWMHA NNa-
CTUHM C=5MM; LUMPUHA Ta BWUCOTa [JepXaBKu
B=25mm; H=25mm; BuniT pisys Ip=25mm; cTili-
KicTb T=30xB., rIMOMHa pi3aHHsA t = 3mM.

[ns 3agaHNX yMOB 06POOKM NPUAHATI Ha-
CTYMHI KOemiLiEHTN Ta NMOKA3HNKM, LLIO XapaKTepu-
3y0Tb CTYNiHb BNANBY FMMOUHM, NoAadi i CTiKoc-
Ti Ha WBWAKICTb pizaHHA: Cy =317; Ky = 0,7; x, =
o) 3 7 0,15; yy, = 0,20; m = 0,2; Ky = 4; KoedilieHTH i no-
Ka3HUKK, WO XapaKTepusylTb CTYMiHb BMIMBY
P 5 & rMM6UHK, nogadi i WBUAKOCTI Ha CUTY Pi3aHHS:
2 Cp=81; Kp=1,48; x,=1,0; y,= 0,75; np = 0; Ko-

—4 —2 He D X eqilieHT | MOKasHMKM, L0 XapaKTepusyrTb

CTYNiHb BNAVWBY MMNOWHK, Nofayi i WBMUAKOCTI Ha

Puc. 2. Cxema BU3HA4YeHHS ONTUMaSIb- Temnepatypy pisaHHa: Co = 34,1; Xo = 0,2; Yo =

HUX PEXXVMIB Pi3aHHsA ANst TOKapHOT 06-  0,38: zo = 0,65. 3 iX ypaxyBaHHAM BU3Ha4eHi Ha-

POGKY BUCOKOMILHOTO YaByHa BH40  c1ynni 3HaueHHs napameTpis bi: by = 6,009; b, =
5,535; bz = 0,649; by = 4,202; bs = -0,205; bg = -2,996; b; = 1,03; bg = 2,536; by = 7,601.

BaratokyTHUK ABCD fBnsie co60t0 061aCTb MOX/MBUX pilleHb. LiinboBa (hyHKLUisA
npuiiMae MakcuMMmarnbHe 3HayeHHs B Kpanui C, Ana sKoi cyma BigcTaHel ao oceit (X1+X2)
MaKCUMa/lbHa, NPO L0 CBIAYMTL YKpail MOXIMBE NOMOXKEHHS NiHiT 10, Wo xapakTepusye Li-
NboBY (hyHKUit0. KoopanHatn kpanku C(X1,, X2,) € WyKaHUMU ONTUMaIbHUMWN 3HAYEHHAMU
napameTpiB, Ha NiACTaBi AKMX BU3HAYAKOTLCA ONTUMa/IbHI YacToTa 06epTaHHa i nogada. Kpa-
nKka C1(X1o1, X2,) BU3Ha4Yae ONTUMa/IbHI PEXUMU AN IHCTPYMeHTY 6e3 nokputTA. Ona 3ada-
HMUX YMOB 06pO6KM BM3HAYEHI HACTYMHI pe3ynbTaTy Po3paxyHKy ONTUMabHUX PEeXUMIB pi-
3aHHA: X1,=6,063; X2, = -0,273,

n, =e”™ =43006/ x8; s, =e** =0,76MMm/ 06; Vv, = zDn, /1000 =101m/ xB

HasaBHICTb MOKPUTTSA NifBMLLYE LUBUAKICTb pi3aHHA B 1,3 pa3u.

Takum 4yvMHOM, Ha MiAcTaBi NpPeACTaB/eHOI METOAMKM ONTUMI3aLii PeXMMIB pi3aHHSA
IHCTPYMEHTamM¥ 3 MOKPUTTAM Mif Yac TOYiHHA YaBYHIB 3 ypaxyBaHHAM TeMnepaTypHUX 06-
MeXeHb BM3HayeHi ONTMMaibHI Nnojadi Ta LWBUAKOCTI pi3aHHA, WO 3abe3neyyroTb MakcumMa-
NbHY NPOAYKTUBHICTb 06POBKMN.

Mepenik nitepatypn: 1. Ctapkos B.K. O6paboTka pe3aHneM. YnpaBneHme ctabusb-
HOCTbIO 1 KayeCTBOM B aBTOMAaTM3NPOBaHHOM NPOn3BOACTBe. - M.: MalumHocTpoeHue. 19809. -
296¢. 2. Bepeuaka A.C. PaboTOCNOCOOGHOCTb PEXYLLEr0 MHCTPYMEHTA C M3HOCOCTOMKUM MO-
KpbiTnem / A.C. Bepelaka. — M.; MawmnHocTpoeHmne,1993. 368c¢. 3. IBueHKo T.I". BusHayeHHS
BM/IMBY PEXMMIB TOUIHHSA Ha TeMMepaTypy pisaHHS B Pi3HMX yMOBaxX MexaHiuHoi 06pobku / T.I
IBueHko., K.O. Kopons, [.B. BiToxiHa // NpakTuka 1 nepcrnekTuBbl pa3BuTusA NapTHePCTBa B
cthepe BbICLLIENA LLIKOMbI. MaTepuanbl 14 MeXayHapoAaHOro Hay4HO-MPaKTUYECKOro ceMmnHapa B
[oHeuke. B 2-x 1. T. 2. — [loHeuk: JoHHTY, 2013. — C.121 - 125. 4. IB4eHko T.I'. AHani3
BM/IMBY MapaMeTpiB MexaHi4yHOT 06po6KM Ha Temnepartypy pi3aHHA YaByHiB / T.I" IBYEHKO.,
[.B. BitoxiHa // Monogas Hayka XXI| Beka: CO0PHUK Hay4HbIX paboT MeXaAyHapoaHOW CTye-
HYECKOI Hay4HOMN KOH(epeHUmn. KpamaTopek: ArMA, 2013. — C.36-39.

N
IZ/ A

A1

H1.

127



NH>XXEHEP, Ne 14, 2013 r.
MPOLECCHI PESAHVA

YAK 621.941.1
BVBPALINOHHOE PE3AHVE, KAK PELLUEHWE MNMPOBJ/IEM OBPABOTKM
TOHKOCTEHHbLIX N3OENNI

WNcaeB [.C., TapoBuk A.B., Muxaiinos A.H. (Kacegpa TM, JoHHTY, r. I0HeUK)

AHHOTaums. MNoBbIlWaeTCca NPOLeHTHas 40N TOHKOCTEHHbIX U3fennii, 06paboTka
KOTOPbIX Bbl3blBAET TPYAHOCTW, B NPOLECCE M3rOTOB/MEHUA MAlMH U 060pya0BaHMs, Mno-
3TOMYy TPebytTCA HOBble KOMMO3NLMOHHbIE TEXHONOMMMN, KOTOpPble CNOCOBHbI YNPOCTUTb
M3roTOBNEHNE TOHKOCTEHHbIX U3fenunid. B kauecTBe AaHHOW TEeXHONOrMy BbICTYNaeT BUO-
paLyoHHOEe pe3aHue.

KntoyeBble cnoBa: BUOpaUMOHHOE pe3aHune, TOHKOCTEHHbIe U3fenus, npeobpasoBa-
Tenb, yNbTPa3ByK, KOHLEHTPaTOp, KonebaHus.

B cBsi3n C pa3BMTMEM aBuaLMn, KOCMUYECKOW TEXHWKMK, CYAOCTPOEHUS MU MaLLUMHO-
CTPOEHWWU, e 60MblUY POSb UFPaeT MeTaNN0eMKOCTb M3AENNIA, CTAHOBUTCS aKTyaslbHbIM
M3roTaBMBaTb U3AeNNs, UMetoLMe Manblil BeC. TakK Kak He Bcerga yAaetcst yMeHbLUWTb ra-
6apuTbl UM ybpaTb HEKOTOPbIE 3/IEMEHTAPHbIE NOBEPXHOCTU, TO BO3HNKAET HEOOX0AMMOCTb
B WU3rOTOBNEHUN U3LENNIA C TOHKMMMW CTEHKaMW. [/ TOHKOCTEHHbIX W3AE/NA MOBbILLEHbI
TpeboBaHMs K NoKasaTeNsM TOYHOCTM N KauyecTBa UX M3roToBfeHnst. Ho Npu 3TOM He HYXXHO
3abblBaTb O NPOW3BOAUTENLHOCTU. BO3HMKaeT npobnema: Kak MOBLICUTb Ka4yecTBO U TOY-
HOCTb M3rOTOB/MEHUA AaHHbIX U3AENNIA, HO HE MOTEPSTb NPOM3BOAMTENBHOCTL. epea nccne-
[0BaTeNAMM N UHXEHepamy CTaHOBUTCA 3afa4a 0 Noucke 3thheKTUBHOIo MeTofa 06paboTKy,
KOTOPbIA MN03BONMA Obl PELUNTL AaHHYHO Npobnemy. MNpu TpaguUMOHHOM pe3aHuy NPOM3BO-
ANTENbHOCTb BbICOKA, HO MMEEM HefoCTaTOK KayecTBa 1 NOTepro TOYHOCTU, Apyrie MeToAbI
MO3BONAKOT NOMYYNTb TOYHOCTb 1 KAYECTBO, HO MMEKOT NOTEPIO B NPOM3BOANTENLHOCTY.

PeLueHVeM faHHOW Npo6/iemMbl SBMSETCA NPUMEHEHNE CNELNa/IbHBIX KOMMO3ULMOHHBIX
TEXHOI0rMi. KOMNO3ULMOHHasA TEXHO/OMMS 3TO crelpaibHas TeXHOMorns, 6asmpyroLasnca Ha
KOMMO3ULMN NPUHLMMOB 1 OCOBEHHOCTEN CMHTE3a Pas/IMyHbIX BapnaHTOB TEXHOMOIWIA, KOTO-
pas NMo3BONSET YNPaBATb CBONCTBAMM M3eNnsi U 06ecrneynBaTh MOBbILIEHNE MapamMeTpOB ero
Ka4yecTBa Mo Harpas/eHNsM COCTaBa KOMMO3ULMI BapraHTOB TEXHOMOr Wi [1].

B gaHHOM c/iyyae B KayeCTBe BapvaHTOB 3TUX TEXHOMOMMIA BbICTYNaeT TPagULMOHHOE
ToYeHMe 1 ynbTpasByk. CyTb mpouecca COCTOMT B TOM, YTOObI 06eCNeUNTb PErynsipHoe M-
MyNbCHOE BO3AENCTBME Ha AeTaslb, 06pabaTbiBa€MYO C MOCTOSHHOM CKOPOCTbIO pe3aHus vV,
KaK M300paXXeHO Ha pUCyHKe 1, NCNOMb30BaNn PEXYLUNIA MHCTPYMEHT, KOTOPbIA coBepLian
CUHYcoMJanbHble KonebaHusi B HarpaBneHUn pe3aHns ¢ NOCTOSAHHOM aMNnTY0M a 1 YacTo-
Toli f Taknum 06pa3om, YTO CKOPOCTb V He npeBbiwana 2raf. Mpn aToM Ana NpuaaHnsa Kone-
GaHNIA pexyLLemMy MHCTPYMEHTY MCMOb30Ba/IN OTAE/bHbIA UCTOYHUK 3Heprumn [2]. B Kaye-
CTBE [JaHHOr0 UCTOYHMKA NPUMEHSIOT YNbTPa3BYKOBOI reHepaTop(B Hallem cryyae — MOAenm
Y3I1-1), npeo6pasyowmnin 3N1eKTPUUECKYHO SHEPTUIO MPOMbILLAEHHOM YaCTOTbI B 3N1EKTpUYe-
CKYHO 3HEpruo ynbTpa3ByKOBOW 4acToTbl [3], U MarHMTOCTPUKLMOHHbINA Npeobpa3oBaTtenb,
NpeobpasytoLLNiAn 3NEKTPUYECKYIO SHEPTUIO Y/IbTPa3BYKOBOW YaCTOTbl B MEXaHUYeCKMe Kosie-
6aHus. JaHHble KONebaHNs HaKna4blBa/IMCh Ha PEXYLUMIA MHCTPYMEHT C Manovi aMnamnTyaow
(a =10...25 mKm) B ynbTpa3BykoBom amanasoHe vactoT (f = 20...50 kI'y). Takyto 06paboTKy
Ha3Ba/IM pe3aHneM C YNbTPa3BYKOBbIMWU KonebaHmsimu. Mpu ero muccnefoBaHMn obpaiani
BHMMaHMWe Ha pa3paboTKy COOTBETCTBYHOLLEr0 060PYA0BaHUS U Ha 3aKOH ABUXXEHUSI paboyeli
KPOMKW PEXYLLEro MHCTPyMeHTa. Takoe pe3aHue CYLECTBEHHO OTIMYaeTCsa OT TpaauLMOH-
HOro. MoCKO/bKY B 3TOM C/ly4ae UCMO/b3yTCA NepexoiHble NMPOLEeCChl U, Kak MokKasaHo Ha
pUCYHKe 1, MexaHW3M 06paboTKM CTPYXXKKU HENnocpeACcTBEHHO 06YCNOBMEH MMMNY/bCHbIMM
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CvMaMn pe3aHns, MOXKHO BOCMO/b30BaTbCA TEPMUHAMUN «MMMY/IbCHOE pe3aHue ¢ BUbpauums-
MW», AN MPOCTO «MMMNY/bCHOE pe3aHne». OfHaKO B Aa/bHENLLEM OT 3TUX TEPMUHOB 6bIN0
PeLLeHO 0TKa3aTbCA U BBECTM 00LLee NOHATUE «BMOPaLMOHHOE pe3aHue» [2].

V<Zzaf Mpy  06bIYHOM
pe3aHnn BaXKHbIM (hak-
TOpPOM SBNSETCA MONy-
YeHWe YCTOMUMBLIX, T.€.
perynsapHbIX KonebaHwmi
Mo 3aKkoHy p sinwt B
cTayuoHapHon obnac-
™. MeTozom Bubpauu-
OHHOr0 pe3aHnst MOXXHO
C BbICOKON TOYHOCTbIO
obpabartbiBaTb  anmas-
HbIMM  pe3uamy  3aka-
NeHHble CTan, pe3uamm
13 TBePAbIX CMiaBoB —
ObICTpOpeXyLne cTanu
N LOpyrve maTtepuaibl.
TakuMm MEeToA0M Y[aeT-
ca [obuTtbea npeumsn-
OHHOM 06paboTKN TOH-

Puc. 1. Cxema yCTaHOBKM ANs BUOPALMOHHOIO pe3aHus: KOCTEHHbIX W3fienmn C
1- anekTpoaBuUraTeNib Manoin MOLLHOCTK; 2- 3aroTOBKa; 3- Bubpa-  MPakTU4ECKN  KAeaslb-
TOP; 4- UCTOYHWUK NUTaHNA BUGpaTopa HbIMW  TOKasaTenamu

OBa/lbHOCTW, HELMNH-
[APVYHOCTK,  Henapan-
NEeNbHOCTN U OTKNOHEHMAMU OT NIOCKOCTHOCTM U NPSAMONMHENHOCTM (OPMbI.

Mpn KonebaTenbHON CUCTEME MOXHO MYTEM Ha/lOXXEHWUS COOTBETCTBYHOLUMX YacCTOT
LLUMPOKOIO CMeKTpa co3f4aTb YCNOBUSA, MPY KOTOPbIX CNabo KOMe6oLancs pexyLlas Kpomka
OyaeT ocTaBaTbCs, KakK Obl HEMOABMKHOW. B TakoM cnyyae yaacTcs peanmi3oBaTb NaganbHYHO
mMofenb pe3aHus. CneaoBaTenibHO, NOSBUTCA CNOCO6 MPeLM3VOHHON 06paboTKM, NO3BONAID-
LM NONYYNTb naeanbHY0 NOBEPXHOCTb C NPAKTUYECKM HY/EBOWN LUEPOXOBATOCTbIO U 663
OTKNOHEHMWI OT NIOCKOCTHOCTW. pn TakoM cnocobe BO3MOXHO 6yAeT nony4vaTb CANBHYHO
CTPY)KKY, KOTOpasi UMEeT Y3KWiA 1 NOCTOSAHHbBIA MHTepBan casura [2].

Takas nges MoXeT 6bITb 060CHOBaHa PaCCMOTPEHNEM AUHAMUYECKNX XapaKTePUCTUK
KonebatenbHol cucteMbl CMAA. BnonHe eCcTeCTBEHHO, YTO KO3I(M(ULIMEHT XECTKOCTK K cuc-
TeMbl B TaKOM C/nyyae [0/KeH ObITb BbICOKUM. MOMUMO 3TOro, He06X0AMMO NpoaHaIN3npo-
BaTb C HOBbIX MO3ULMIA He TOMbKO abCOMOTHbIE 3HaYeHNUs Pcp 1 p, xapakTepusyroLme co-
NPOTUBNEHME PE3aHUNIO, HO M TaKOl BaXKHbIV MapameTp KakK Kpyrosas YacToTa KonebaHuin w,
Ha KOTOPYHO paHbLLIe He 06paLlann BHUMaHMS.

CyLLecTBYeT TPM OCHOBHbIX HarpaBieHMs BbICOKOUYACTOTHbIX KonebaHwuin (Puc. 2):

- B HanpaB/IEHNN OCEBOI COCTaB/SOLLEN CUNbI Pe3aHNS;

- B pagnanbHOM Harpas/ieHUN;

- B HanpaB/IEHNW [NIaBHOW COCTaBSAOLLEN CUMbI PE3aHUS.
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Puc. 2. Buabl HanpaBneHMs BbICOKOYACTOTHbIX(Y/IbTPa3BYKOBbLIX) KoMebaHWii: a) B
HarnpaBNeHU OCEBOI COCTaBNAIOLENA CUMbl pe3aHus; 6) B paguaibHOM HanpasfieHUW; B) B
Hanpas/feHNW rNaBHOW COCTaBNAOLEN CUNbI pe3aHns; 1- 3aroToBKa; 2- MHCTPYMEHT

Mpy nomoLM OTAENbHO YCTAHOB/IEHHOrO KonebaTesbHOro MpuBOAa MOXHO Hemno-
CPeACTBEHHO 3aCTaBWUTb KONebaTbCAd paboume KPOMKWM PexyLlero WMHCTpPyMeHTa. 3a cueT
3HEpruy Npmeoa MoXKHO obecrneynTs crabble KonebaHus Mo 3akoHy p sin wt. B Takom cny-
yae ypacTca paspaboTaTh pauMoHabHbIA CNoco6 pe3aHus, NPy KOTOPOM BblgefieHne Tenna
OyAeT He3HAUNTENbHBIM, 8 YaCTOTa MOXET ObITb A0BO/IbHO GO/bLLON.

PeXyLume KPOMKM MHCTPYMeHTa 00bIYHO COBEPLUAKOT HeperynspHble KonebaHus fo-
BOJIbHO CNIOXHOW (DOPMbI, KOTOPbIM COOTBETCTBYIOT YAapHble Harpy3ku, Ae/CTBYHOLLME B Ha-
npa./eHnn pe3aHns. BeposTHO, Bbina 6bl NealbHON opraHM3aums Takoro pesaHus, npu Ko-
TOPOM YAapHble HarpysKku, co3aBaemble pe3LoM, UMenn Obl PerynspHbIi Xxapaktep. B Takom
C/ly4ae BMeCTO HemnpepbIBHON CUHYCOUAbl CneaoBano bGbl MCNOMb30BaTb CUY pe3aHus pery-
NAPHOrO MMMNY/IbCHOTO XapakTepa.

IMnynbCHble cunbl pe3aHns B KonebatenbHoin cucteme CrA/L moryT geincteoBaTh 1
B 06/1aCTV NepPeXoHbIX MNPOLECCOB. Yem 60/bLUe LUMPUHA UMMYNLCOB, TEM 3PdeKTUBHeE OY-
AYT UCMOJIb30BaHbl 3TW NpoLecchbl [2].

Takum cnocoboM MOXXHO OCYLLECTBAATH MPELU3NOHHOE pe3aHne TOHKOCTEHHbIX W3-
[ennii, KoTopble paHbLle 06bIYHO 06pabaTbiBaiN LIAUKDOBAHVEM; BUOPUPYIOLLMM a/IMa3HbIM
WHCTPYMEHTOM MOXXHO pe3aTb 3aKasleHHble CTain. MOXHO HafeAaTbCs, YTO B NepcrnekTuse
BMECTO LUNM(OBa/IbHbIX CTaHKOB A1 06paboTKM (3aTOYKM) MHCTPYMeHTa ByAyT UCNosb30-
BaTbCA CTaHKM C BUMOPUPYIOLLMM PEXYLLMM WHCTPYMEHTOM. Ha ocHOBe BMOGpaLMOHHOIO
NPUHLMNA pe3aHns MOXHO ByeT co3faTh BeCbMa pa3HOOOpa3HOe HOBOE CTaHOYHOe 060py-
[l0BaHMe.

Cnucok nutepatypsbl : 1. Muxaiinos A.H. OCHOBbI CMHTE3a KOMMO3ULIMOHHbIX TEX-
Honmoru mawwuHoctpoeHnss /A.H. Muxainnos, E.A. Mwuxaiinosa, A.A. Muxaiinos //
OnTumiszayis BMPOOHMYMX MPOLECIB | TEXHIYHWIA KOHTPONb Y MalUMHOOYAYBaHHI Ta
npunago6byaysaHHi. BicHMK HauioHabHOTo yHiBepcuTeTy «/1bBIBCbKA MOJiTeXHIKa». — 2011.
—No 713 . - C. 23 - 31. 2. Kyma63 [1. BnbpaunoHHoe pesaHue: Mep. ¢ an. C.J1. MacneHHu-
koBa/ Mog pen. WN.W. MNopTHoBa, B.B. benosa. — M.: MalumHocTpoeHue, 1985. — 424 ¢. 3. le-
HepaTop YnbTpa3BykoBoi mMofenn Y3I1-1. PykoBoACTBO No akcnayatauun. - M:Mawlus,
1985. 4. Pukapac P.b. MeTof KOHEYHbIX 3/1eMEHTOB B TEOPUM 060/104EK U NIACTUH. — Pura:
3HHaTHe, 1988. — 284c.
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YK 621.91.02
OMNPEAENEHUVE PALUMNOHAJIBHBIX MAPAMETPOB IM'HE3OA OEPXXABKWU
PE3LA C ABTOMATUNHECKW SAMEHAEMbIMIU PEXXY LM BCTABKAMU

KaszaueHko K.B., MpuHéB FO.A. (kadh. MCMO, JoHHTY, r. [JoHeuK, YKpanHa)

OCHOBHOI TeHAeHLUMEeN B MUPOBOIA MHCTPYMEHTa/IbHOW NPOMbILLIEHHOCTU ABNSETCS
MOBbILLEHVE YHU(MKALUN N YHUBEPCATbHOCTU COOPHOIO PexkyLLlero MHCTpymeHTa. Mpu aTom
MoBbILLEeHVEe NPON3BOANTENbHOCTA B MaLLUMHOCTPOMTE/IbHOM MPOU3BOACTBE LOCTUraeTca 3a
CYET NPVMEHEeHNs aBTOMAaTM3MPOBAHHOIO 060pYyL0BaHMA, OCHALLEHHOro cuctemamu Yrly,
4TO NOAPasyMeBaeT TakXKe peann3aumio B KOHCTPYKUMAX MHCTPYMEHTa BO3MOXHOCTU aBTO-
MaTU3MPOBAHHON CMeHbI OTAEMbHbIX PEXYLUMX 3/1EMEHTOB, paboyelt YacTh 1 CamMoro MHCT-
pyMeHTa B LiefIoM. STUM TEHAEHLMAM OT-
BeyaeT pesey, (puc.l) [1], crnpoekTupo-
BaHHbIAi B [OHELKOM HauWOHabHOM
TEXHWYECKOM YHuBepcuTete. pu aToM
ObI10 MPeasioKeHO KOHCTPYKTUBHOE pe-
LLeHWNe, HO He BblNn onpeAeneHbl pauuo-
Ha/lbHble MapameTpbl 3/IEMEHTOB Camoro
Kopriyca pesua u ero paboyeir yactun. B
CBA3W C 3TUM Lie/Ibl0 [aHHOM paboTbl AB-
NAeTCA onpefesieHne paunoHasibHbIX na-
pamMeTpoB [epXkaBKu pesula C aBTOMaTu-
YECKM 3aMeHsieMbIMU PEeXYLLUMMU BCTaB-
Kamu.

B pa6otax [2, 3] npesnoxeHsbl

Puc. 1. TOKaprIVI pesel [1] 3aBUCUMOCT AnAa onpegeneHna KOHCT-

PYKTUBHbIX U FEOMETPUYECKMX NapameT-

POB YHUBEPCa/IbHbIX Pe3LoB ¢ paboyelt YacTbHo, OCHALWEHHOMW MHOTOrpaHHbIMK HemnepeTayvu-
BaeMbIMY nnacTuHamu (MHIT):

C NOMOLLbIO AaHHbIX 3aBMCUMOCTEN OnpefeniMM BO3MOXXHOCTb YCTAHOBKM Ha OfHOM
[ep>KaBKe CMEHHbIX BCTaBOK, OCHALLEHHbIX CTaHAapTHbIMU MHI pa3fiMyHon KoH(Urypauuu,
KOTOpble NPVBEAEHbI HA PUCYHKE 2.

PaccmMOTpUM pas/iMyHble BapuaHTbl COYeTaHWs 6a30BbIX FEOMETPUYECKMX MapameT-
pOB: IN1aBHOr0 Yyrna B NiaHe ¢, rMaBHOro 3aHero HOPMaibHOro yrna ay, yrna HakioHa rnas-
HOW pexyLLen KPOMKK Ao, KOTOpPbIe ONpeAenstoT napaMeTpbl ONOPHLIX NOBEPXHOCTEN rHe3aa
[EPXXaBKM N reOMeTpuyecKne napaMeTpbl Ha rNaBHOM W BCMOMOraTeNbHOM PeXYLUMX KPOM-
Kax pabouyei yacTu yHu1BepcanbHOro pesua. Mpu sTom 6a30Bble NapameTpbl NPUHUMAIOT Crie-
AyroLime 3HaveHusa: @ - 45°; an - 5°, 10°, 15°; 4o - 0°, 5°; 10°. Kpome Toro, paccmaTpuBaeTcs
ycTaHoBKa pa3nnyHbix MHTI ¢ yrnamum B nnaHe ¢ + 15°, ¢ + 30° Ha ONOPHYK NOBEPXHOCTD,
KoTopas onpegensetcs 6a3oBbiMK NapameTpamu ¢ = 45°; ay = 10°; Ao = 0°. Hanbonee pa-
LUMOHaNbHLIM CUATAETCA TakKoe MOJIOKEHME OMOPHOW MOBEPXHOCTM THe3fa AepXkKaBKu, npu
KOTOpPOM 06ecrneynmBaeTcqd BO3MOXHOCTb YCTAHOBKM MakCMMa/ibHOro Konmyectsa MHI1. Or-
paHUYeHVAMW ABNAKOTCA 3HAYeHWs BCMIOMOraTe/lbHOro yrnia B nnaHe (He meHee 5°) n Bcno-
MoraTe/sibHOro 3aiHero yrna (He meHee 0°).
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Puc. 2. KoHurypaumm nccnefyembix naacTuH

Pe3ynbTaTbl pacyeTOB reOMeTPUYECKMX NapaMeTpOB Ha FNaBHOW 1 BCMOMOraTebHOM
PeXYLUMX KpOMKaxX cBefieM B Tabnmupl 1 - 7.

Tabnumua 1. FeomeTpuyecKre NapaMeTpbl Ha rNaBHOM M BCOMOraTe/IbHOM PEXYLLMX
KpoMmKax npu 6a30BbIx napameTtpax: ¢ = 45°%; ay =10°; 4o =0°

@ 4 a A ¥ £ ay A4
KBagpaTHas 45° -10 10 45 0 0 10
TpeyronbHas 45° -10 10 75,4 5 -4981 | 8,65

Pombunueckas 45° -10 10 55,2 1,789 -1,73 9,96

MaTurpaHHas 45° -10 10 26,741 | -3,162 3,076 | 9,506

[elielielie) o]

LWecturpaHHaa | 45° -10 10 14,619 | -5,096 4981 | 8,649

Tabnunua 2 — MeoMeTpuyecKme napaMeTpbl Ha r1aBHOW M BCMIOMOraTe/lbHOM PeXYLLMX
KpomKax npu 6a30Bbix napamerpax: ¢ = 45° ay = 10°;, Ao = 0° 1 NoBOpoTe NMaCTUH Ha
OMOPHOW NOBEPXHOCTM Ha 15°
®© ¥ a A 1 ¥4 @ A4

KBagpatHas | 59,782 | -9,675 | 9,656 | 2,576 | 29,779 | -2,65 2,576 | 9,656
TpeyronbHaa | 59,782 | -9,675 | 9,656 | 2,576 | 60,221 2,65 -2,576 | 9,656
Pombuueckaa | 59,782 | -9,675 | 9,656 | 2,576 | 39,923 | -0,894 | 0,867 | 9,962
MaturpaHHaa | 59,782 | -9,675 | 9,656 | 2,576 | 11,598 | -5,544 | 5,427 | 8,374
LLecturpaHHasa | 59,782 | -9,675 | 9,656 | 2,576 | -0,439 | -7,161 | 7,054 | 7,053

Tabnumua 3. FeoMeTpuyeckre NapaMeTpbl Ha rNaBHOW M BCOMOraTe/IbHOM PEXYLLMX
KpomKax npu 6a3oBbIx napametpax: ¢ = 45° ay = 10°;, Ao = 0° 1 noBopoTe NMaCTUH Ha
OMOPHOW NOBEPXHOCTM Ha 30°

@ ¥ (] A Py ¥4 aq /11
KBagpaTHaa | 74,622 | -8,715 | 8,65 4981 | 14,619 | -5096 | 4,981 | 8,649
TpeyronoHaa | 74,622 | -8,715 | 8,65 4,981 45 0 0 10

Pombuyeckas | 74,622 | -8,715 | 8,65 4,981 | 24,716 | -3,498 | 3,405 | 9,391
MaturpaHHaa | 74,622 | -8,715 | 8,65 4,981 | -3,463 | -7,516 | 7,415 | 6,672
LLlecturpaHHas | 74,622 | -8,715 | 8,65 4,981 | -15,378 | -8,715 8,65 | 4,981
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Tabnuua 4. MeomeTpuyeckre napameTpbl Ha FNaBHOW 1 BCMIOMOraTelbHON PeXyLLnX
KpoMKax npwv 6a30BbIX napametpax: ¢ = 45°% ay =5° Ao =0°

' ¥ a A ! ¥ @y A4

KBagpaTtHas 45° -5 5 0 45 0 0 5
TpeyrosibHas 45° -5 5 0 75,095 | 2,512 -2,498 | 4,329
Pombunyeckas 45° -5 5 0 55,037 | 0,874 -0,867 | 4,924
MaTurpaHHas 45° -5 5 0 26,936 | -1,554 1,543 | 4,755
LLlecturpaHHasa | 45° -5 5 0 14,905 | -2,512 2,498 | 4,329

Tabnumua 5. MeomeTpuryeckre NapaMeTpbl Ha rMaBHOM U BCNOMOraTe/IbHOM PeXXYLLMX
KpoMmKax npv 6a30BbIxX napameTtpax: ¢ = 45°%; ay = 15° 1o =0°

®© ¥ a A 1 1£ @, A4

KBagpaTtHas 45° -15 15 0 45 0 0 15
TpeyrosnbHas 45° -15 15 0 75,551 | 7,828 -7,439 | 12,95
Pombuueckaa | 45° -15 15 0 55,345 | 2,755 | -2,576 | 14,76
MaturpaHHas 45° -15 15 0 26,408 | -4,833 | 4,588 | 14,25
LLlecturpaHHas | 45° -15 15 0 14,133 | -7,827 | 7,439 | 12,95

Tabnuua 6. FeoMeTpuuecKme napameTpbl Ha rNaBHON U BCMOMOraTelbHOM PeXYLLUX

KpOMKax rnpuv 6a30BbIX Napametpax: ¢ = 45°; ay = 10°; Ap = 5°
P ¥ a A L] ¥y a; A
KBagpaTHas 45° | -10,037 | 9,963 5 44,12 | -5,154 5,00 9,962
TpeyronbHaa | 45° | -10,037 | 9,963 5 74,625 | 0,656 | -0,631 | 11,151
Pombuueckas | 45° | -10,037 | 9,963 5 54,258 | -3,312 | 3,199 | 10,69
MaturpaHHas 45° | -10,037 | 9,963 5 26,015 | -7,987 | 7,838 | 7,908
LllecturpaHHas | 45° | -10,037 | 9,963 5 14,062 | -9,427 | 9,323 | 6,098

Tabnuua 7. FeoMeTpuyecKme napaMmeTpbl Ha rNaBHON U BCMOMOraTelbHOM PeXyLLUX

KpOMKax npwv 6a30BbIX NapameTpax: ¢ = 45°; ay = 10°; Ao = 10°
7] ¥ a A @, ¥4 cty A4
KBagpaTHas 45° | -10,151 | 9,851 10 43,246 | -10,3 10,00 | 9,847
TpeyronbHas 45° | -10,151 | 9,851 10 73,667 | -3,937 3,72 | 13,587
Pombuueckas | 45° | -10,151 | 9,851 10 53,29 | -8,456 | 8,127 | 11,453
MaturpaHHas | 45° | -10,151 | 9,851 10 25,428 | -12,741 | 12,59 | 6,257
LWecturpaHHas | 45° | -10,151 | 9,851 10 13,702 | -13,695 | 13,64 | 3,513

Kak B1AHO 13 Tabnuu, 1 — 3, N3MeHeHWe rnaBHOro yr/a B M/aHe He NMo3BossSeT YBenu-

YMTb KOMMYECTBO YCTaHaBNMBaEMbIX Ha OAHY Aep>kaBKy TunopasmepoB MHI. B Tabnuuax
YXUPHbIM LIPUADTOM BblAeNeHbl 3HAYEHWS, HE Y0BNETBOPAIOLLME OrpaHUUeHnsM. 3MeHeHne
rNaBHOro 3aHero HopManbHOro yrna (cMm. Tabn.4, 5) B paccMaTpuBaeMOM [unana3oHe Takxe
He MOo3BO/ISIET 06eCneUnTb YCTaHOBKY TPEYrofibHOW M POMOMYECKON NAAaCTUH, HO MPU 3TOM
YMEHbLLEHME 3aAHEro yrna npubamkaeT 3Ha4YeHUsi reoMeTPUYECKMX MapameTpoB paboueit
4aCTW K [0MNYCKaeMbIM. YBEMUYEHME YrNa HaK/OHa [MaBHOM PeXyLlein KpoMku Ao 5° (cm.
Tabn. 6) No3BoNseT NPOU3BOANTbL YCTAHOBKY KBafApaTHON, NATUIPaHHOWM, LUECTUTPAHHON W
POMOMYECKON NNACTUH Ha [epyXKaBKe C COOTBETCTBYHLLIEN OMOPHOW MOBEPXHOCTbIO. YBENN-

133



NH>XXEHEP, Ne 14, 2013 r.
MPOLECCHI PESAHVA

yeHme e go 10° yrna HaknoHa rnaBHOM PeXyLLUein KPOMKM MO3BO/MSET HaM YCTaHaB/IMBaTb
BCe paccMaTpuBaemMble pasHoBMAHOCTM MHI. OfHako, Kak 13BECTHO U3 TEXHUYECKOW nTe-
paTypbl, MPY 3HAYEHUAX Yrna HaK/IOHA NaBHOW pexyLueli npesbILLatoLLmx 5° Bo3pacTaeT cu-
na pe3aHus. B cBA3M € 3TUM, CUMTaeM paLMOHa/IbHbIM MOBbILIATbL Yro/l HaKNOHa raBHOW pe-
XYLLEN KPOMKM NNLWb A0 5° Npu YMeHbLUEHUW TNaBHOMO 3aAHEro yrna, Yto no3sBonmT obec-
MeynTb YCTaHOBKY BCEX paccMaTpuBaeMbIX TUMOpasMepoB naacTvH. Metogom nogbopa on-
pefenvnn OAHO M3 pauMoHa/IbHbIX COYeTaHMn 6a30BbIX NapameTpoB: ¢ = 45°; ay = 8°; Ap =
5°, KOTOpble 06ecneynBaroT reoMeTpUI0 paboyein YacTu, YA0BETBOPAIOLLYHO rPaHUYHbIM YC-
nosuam (tabn. 8).

Tabnmua 8. MeoMeTpuryecKme NapaMeTpbl Ha rNMaBHOM U BCNOMOraTe/IbHOM PeXXYLLMX
KpoMmKax npv 6a30BbIX NapameTtpax: ¢ = 45°%; ay = 8°; Ay =5°
@ ¥ a A @4 ¥4 ay A4
KBagpartHas 45° -8,03 7,97 44,298 | -5,098 5 7,969
TpeyronsHas 45° -8,03 7,97 74,621 | -0,362 | 0,353 | 9,419
Pombuueckasa | 45° -8,03 7,97 54,377 | -3,624 | 3,541 | 8,724
MaturpaHHaa | 45° -8,03 7,97 26,268 | -7,303 | 7,224 | 6,023
LLecturpaHHaa | 45° -8,03 7,97 14,33 -8,375 8,326 | 4,387

orjlorjorjor|ol

OnpefennmM 3HaueHns, XapakTepu3ytoLLe MONOXEHWE OMOPHOI NMOBEPXHOCTM rHe3aa
[IEPXKaBKM, COOTBETCTBYIOLLME PALIMOHANbHBIM 6a30BbIM FEOMETPUYECKUM NapamMeTpam

tgynp =—singtgly —cosptgay secg; tgyn =cosgiglg —singtgay secly,

OTKYAQ jmp = -9,181°, 94 =-2,17°.

Takum 06pa3om, paumoHaibHbIM cOoYeTaHMeM 0a30BbIX MapameTpoB ABMAETCA: ¢ =
45°; an = 8°; Ao = 5°, a COOTBETCTBYHOLLIEE BbIMOHEHME OMOPHOIN NOBEPXHOCTU rHe3aa Aep-
XaBKW € yrnamn j,, = -9,181° n ), = -2,17° no3BoNNT yCTaHaB/NBATb CMEHHbIE BCTaBKU C
nnacTUHaMM BCex paccMaTprBaeMbIX TUMOPasMepoB.

Cnncok nutepatypbl: 1. MateHT YKpaiHM Ha BuHaxig Ne77712 C2 MKI B23
B27/16. TokapHuin piseyb/ MaTtioxa [1.I., CkpuHHikoB B.C., Xonog B.M. Ony6n.
15.01.2007. Bron. Ne 1. 2. Martioxa I.I'., I'puHés KO.A. OnpefeneHne reoMeTPUYECKUX U
KOHCTPYKTUBHbIX ~ MapameTpoB  pexylleil  4acTu  yHMBepcasbHO-COOpPHOro  pesua
//MporpeccrBHbIE TEXHOMOTUN U CUCTEMbI MALLMHOCTPOEHNSA: MeXAyHapOoaHbIN C6. HayUYHbIX
TpyzoB. — AoHeuk: OoHI'TY, 2001. Bein. 17 — C. 85 — 89. 3. 'puHés KO.A., Martioxa T.T".
WccnefoBaHne M3MEHEHWS TeOMeTPUYECKMX NapaMeTpoB YHMBEPCA/IbHO-COOPHbLIX Pe3LoB C
MOBOPOTHOWN pexyLLeil YacTbto //BicHUK CyMCbKOTO JepXKaBHOrO yHiBepcuTeTy. HaykoBuii
XypHas. Cepis TeXHIYHi Hayku (TeXHONOris mawnHobyayBaHHS). — Cymu : BuaaBHMULTBO
CymAY, Ne2 (35). 2002, - C. 36 — 40.
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YAK 621.95
PACYET BJ/IMAHNA CMELWLEHNA OC/ CBEPJTA HA TI/TOWLWALDb
CPESAEMOI O CJ/104

Xmunpos H.A., KosaneHko B.W. (kadegpa TM, oHHTY, 1. [JOHeUK, YKpaunHa)

AHHOTauua. B cTaTbe npusefeHbl faHHble M0 BAOPaLMAM B MPOLECCe CBEPNEHNS,
KOTOpble B 3HAYNTENbHOW CTeneHn npeaonpeaenstoT npouecc 06paboTKM, pacCMOTPeEH
npoLecc yBoda OCU OTBEPCTWUA, NPUBELEHbl CTAaTUYECKNE YPaBHEHWNSI paBHOBECUSA [BYX/1e3-
BUHOrO MHCTPYMeHTa, JopMy/bl OnpejeneHns naowain cpe3aeMoro cnos, paccMoTpeHa
CXeMa B/IMSHWA YBOAA CBEpNa Ha nnowlab Cpe3aeMoro Cos, NofyyYeHbl YACIEHHbIE 3HAYEHUA
MnnoLLaau cpesaemoro Cnos ¢ y4eTOM YBoAa OCY MHCTPYMeHTA.

KntoueBble cioBa: BMbpaLms, yBog ocu, Lwar, niowags, cpesaemblii CNoil.

1. BBegeHume

Bo3sHuKaloWwme B npouecce CBepeHNs BUOGpaumMmn B 3HaUUTENbHOW CTeneHu npego-
npegenstoT npouecc 06paboTkM, OKasblBas BMSHNE HA TOYHOCTb 06pabaTbiBaeMbIX NOBEPX-
HOCTel, CTOMKOCTb MHCTPYMeHTa, NAowasb cpe3aeMoro cnos. Llenbto paboThbl ABNSETCS Bbl-
AB/IEHVE 3aKOHOMEPHOCTEN N3MEHEHNS CeYeHUA U NIOLLAAN CPe3aemMoro C/os B 3aBUCUMOCTM
OT MpoLecca CBepNeHuS.

MonyyeHne OTBEPCTMIA C NOBbILIEHHLIMW TPEGOBAHWUAMMU MO TOYHOCTU MOCPELCTBOM
KOHLIEBbIX MEPHbLIX MHOr0/1e3BUIAHbLIX MHCTPYMEHTOB SB/SETCA BECbMA C/IOXKHON TEXHONOIM-
yecKom 3afaveil. Ha npakTuKe, Kak Npasuio, Npu nNpoeKTMPOBaHUM TEXHOOMMYECKMX MpPo-
LIeCCOB TEXHONOTM WCMOMb3YHT pPas/NYHble CMpaBoYHble AaHHble. B aTux Matepuanax,
06bI4YHO, OTCYTCTBYHOT Kakue-Mb60 KOHKPETHble JaHHble 06 OTpULATENbHOM B/USAHUM BUO-
paumin Ha TOYHOCTb (hOPMO0BPA30BaHNSA OTBEPCTUIA, XOTH B psiAe NUTepaTypHbIX MCTOYHMKOB
yKa3aHO, YTO HEeOTbEM/IEMbIM CBOMCTBOM Pe3aHUsi MeTa/I/IOB Kak TEXHO0rMYeCKOro npouec-
ca ABNSeTCA Hamume BMbpaumin [1], BbI3BaHHbLIX CaMMM XOL4OM Mpouecca WM BHELUHUMU
BO3MYLLAIOLLMMUN (PaKTOpamu.

Mnowans ceyeHUs CpPe3aemMoro C/ios ABMASETCA OCHOBHbLIM Y peLlatolLMm (PakTopom
npy OnNpeeneHnun CUbl pe3aHuns, KoTopas Bo3pacTaeT NpsMO MPOMNopLMOHaIbHO YBennye-
HUIO TNYOWHbI pe3aHns U HECKONbKO MeAJieHHee Mnpu yBennyeHun nogadn. ConpoTmsieHne
MEeTa/1I/I0B Pe3aHUt0 YBEMUYMBAETCA C YBE/IMYEHMEM TJIOWAAN CeYeHUs Cpe3aeMoro Cros,
npuyeM yBeNMYeHWe LUMPUHBLI ero Bbi3blBaeT 60/bLUEE YBEIMYEHUE YCUNNA pPe3aHusi, Yem
yBeNMYeHVe TOMLWMHbI. [py CBepfieHnn C yBeNUYEHWEM [MameTpa CBepna yBelnmumBaeTcs
nnowaib CevyeHus cpesaemoro cnos. MNpu 3ToM yBENNYMBAETCA TEM00TBOL OT PEXYLLMX
KPOMOK, YTO CMOCOBCTBYET YBENMYEHMIO CKOPOCTY pe3aHuns. NocnefHee oKasblBaeT 60/bLLOe
B/IMSIHWE HAa CTOMKOCTb CBep/a. B CBSA3M C 3TUM BO3HMKaeT HEOOXOAMMOCTb CO3MaHNsA MeTO-
AVIKM MPOEKTUPOBaHWS onepaumini 06paboTKn OTBEPCTUIA C YUETOM BO3HUKAOLLMX BUOpaLuii
WHCTPYMEHTOB, a TaKXXe OnpejesieHne niowanm cpesaemoro cros.

2. OCHOBHOE cofiepXXaHue 1 pe3y/ibTaTbl PaboTbl

2.1 MeToaMKa NpoBefeHns ccnefoBaHNi

PaccMOTpuM paboTy [BYXNe3BUAHOIO CNMPa/IbHOrO CBEp/ia, CXemMa KOTOpol npea-
cTaBneHbl Ha puc. 1. Ecnm B nepBoM NpUGAMKEHWM npeHebpeyb TaHreHUmaibHO-
MonepeyHbIMM CUIaMK 1 NepeMeLLEHNAMU, JAOWUMK COCTaBNAIOLLME MOTPELLIHOCTU NPU 41-
HaMWYeCKO YCTOMYMBOCTU Mpouecca, TO YpaBHEHME CTaTUYeCKOro paBHOBECUSI ABYX/e3-
BUINHOIO UHCTPYMeHTa [2] nMeeT BUA;
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Pily) — Pty — =)

pily)

Puc. 1. Cxema hopmmpoBaHUsa yBOAa OCM OTBEPCTUS B €ro NpogosibHOM
ceyeHmu (a) 1 onpefeneHne nnowaael cpesaeMbix cnoes (6)

Pyzlll ~Papily) = I:)y22|2 = Pyop2(v), 1)

rge Pyzl n PyzZ_ pagnanbHblE COCTaBAAKOLWMNE CUMbI PE3aHNA Ha NMePBOM U BTOPOM N1€3BUAX

WHCTPYMeHTa; Py; U Pyp— NPOAO/bHbIE COCTaBNAIOLLME CUMbI PE3aHNA Ha ITUX N1E3BUSAX;
p1(¥) N po(y) — TeKylme pafnyc-BeKTOPbI BEPLUNH 3TUX NIE3BUIA; y = wgpt — TeKyLLmi

yron nosopota UHCTPYMEHTa; wg, - YI/I0Bas CKOPOCTb; t - TeKylliee Bpems; =1 =1—

paccTosiHWe OT BepLUMH N1e3BUIA O NOHOro NOBOPOTA.
Mpn | >> D unpn ¢ < 90°, MOMEHTaMM OT MPOLO/IbHbLIX CUT MOXHO NpeHebpeyb. To-

raa ypaBHeHve (1) CTaTMYeckoro paBHOBECKS MOXHO BbIpasuTb (DOPMYNOii:
Pyz1 = Pyz2; (2)
npn 3TOM OHO AOMOJ/IHAETCA reOMETPUYECKNM COOTHOLLEHNEM

p1(w)+ pa(y) =D. 3)

Cwnbl, BXOASILIME B YpaBHEHWE CTATUUYECKOTO PAaBHOBECHS, NPUBAN3UTENBHO NPOMop-
LMoHanbHb! nnowagsm f u f, cpesaembix cnoes n koadpuumentam Kyin Ky, pesanus

MHCTPYMEHTA:
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Pyz1 = Ky1B1 =Kyaihy; 4)
Pyzo = Ky2ly =Kypashy, ©)
rae a; M bj— COOTBETCTBEHHO TO/LLMHA M LUMPUHA CPE3aeMOro C/los.
3 puc. 1 BUAHO, 4TO Niowasb Cpe3aeMoro c/os pasHa [2]

L AW) — pa(y)C (6)

= L)
YR gy O

2.2 OnpepgeneHvie nnowaaen cpesa A/ KOHKPETHbIX YC0BUIA 06paboTKu
cxofHble faHHbIe:

D=23.6 MM — grameTp 06pabaTbiBaeMoro 0TBepCTUS;

L=60mMM — fiMHa OTBEPCTUS;

obpabaTbiBaeMblii MaTepuan — 4yyryH HB=196;

PEXYLLMIA MHCTPYMEHT - TBEPLOCMN/IaBHOE CBEP/IO 06LLEro Ha3HavYeHWs ¢ 4BOMHbLIM
YI/7I0M Npu BepLUnHe 29=118°;

nopgaya S=0,28 mm/06.

Ha puc. 2 npuBeaeHa cxema (hopMUpoBaHns yBOLA OCU OTBEPCTUA B €ro nonepeyHom
ceyeHuun, rae Ay — yrioBoWA Lar, e — CMeLLeHVe 0cK CBepsa Mpu ero NoBOpoTe Ha Yri0BOiA
Luiar.

Puc. 2. Cxema (hopMMpPOBaHUS YBO/a OCK OTBEPCTUS B €r0 NONepeyHOM CEUYEHNN

icxopsa 13 cxeMbl (DOPMMPOBAHNSA YBOAA OCU OTBEPCTUSA (CM. pUC.. 2), NONYYUM:

w, =QAy =30° —war ;
w, =2y =2030° =60°%
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w, =3y =3[B0°=90°
AmnnnTyga A Bubpawmin BbI6GrpaeTcs B COOTBETCTBUM C [1].
Mpumem 2A=0,1mm. Mpu nosopoTe ceepnia Ha 90° (TO ecTb Ha ¥4 060p0oTa) 3NEMEH-
TapHas nogaya AS , COOTBETCTBYHOLLAS YI/TIOBOMY LUary, paBHa:
AS =(1/4) (1/3) S= (1/12) S.
CnepoBaTe/ibHO:
e =(1/3) A =(1/3) 0,05 = 0,017 mm.

Ha pwc.
3 npuBeaeHa
CXema B/UAHUA
yBOJa cBepsia Ha
nnowagp  cpe-
3aemMoro  crnos
(cermeHTbl 1, 2,

3).
Ans
MPUHATLIX  UC-
XOAHbIX AaHHbIX
onpezensem
nnowanb  cpe-
3aemoro cnos.
Torpa,
Puc. 3 BimsHve yBoaa cBepa Ha nowajb Cpe3aemMoro cos n3 thopmynbl (6)
nonyyaem:
f = pL(w) (5 ;W) - pr(w) B: 1180 50,28 . 1180-1176 E: 191m2
2] tgp 0 02 g59° [
f2 = py (l//)l:B + P2 (l//) B pl(‘;”) E: 11,76 50128 + 11,76 -11,80 S: 1,38 MM 2
i) % 0 02 g59° 0O

3. 3aKno4yeHune

Bcneacteme BOSHMKHOBEHWS BUOpaLIMiA TPAeKTOPUA OCY NPUMEHSEMOr0 NHCTPYMEHTA
VCKPUBNSAETCS, BCEACTBME YEr0 N1e3BUS CBEPNA CPE3at0T PasHblil CoW MaTepmana. 3To ABNS-
eTCS OfIHOM M3 OCHOBHbIX MPUYMH, ONpedenstoLmX Takme hakTopbl, Kak CONpOTUBNEHME pe-
3aHMI0, CUNbl pe3aHusi, CTOMKOCTb MHCTPYMEHTa. B pe3ynbTaTe KaKaoe U3 Nne3suid cBepna
CHMMaET pasHble 3HayeHNs o6bEMa MeTania. ITO 3HAYMTENIbHO BWSET Ha pacnpefeneHue
CUN pe3aHuns, BO3AENCTBYHOLMX Ha NE3BUA UHCTPYMEHTA, W, CNefoBaTeslbHO, CYLLECTBEHHO
CHW)XaeT CTOMKOCTb CBepa.

Cnucok nutepatypsl: 1. MNogypaes B.H. O6paboTka pesaHnem ¢ Bubpauusamm. M.,

«MatumHocTpoeHue», 1970, ctp. 350. 2. Ceprees C.B. MogenmpoBaHvne TOYHOCTU (HOPMUPO-
BaHMs 0TBepCTUMin npu ceepneHnn//CTUH. — 2010. - Ne9. — C. 33-38.
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YK 621.9:658.5
NPUMEHEHWE COX MNMO4 BbICOKNM OAB/IEHVEM
NP NE3BUMHOUN MEXAHNYECKOW OBPABOTKE

MeTtpukoB A.B., MNMontasey B.B., ViBaHoB A.A. (JoHBIMY, oHHTY,r. [loHeuUK, YKpanHa)

CoBpeMeHHble CMa3o4yHO-OXNaxkaatowme TexHonormdeckme cpeactea (COTC), npu-
MEeHsieMble B METa/10006paboTKe — HEOTHEM/IEMAs YaCTb BCEr0 KOMM/eKca CpeacTs, obecne-
UMBAIOLLErO 3APMEKTUBHYIO IKCMyaTaLMio MeTa11000pabatbiBaroLLero 060pyaoBaHns U UH-
CTPYMEHTA, & TakXKe KayecTBO NMPOM3BOAMMOrO usgenus. INpu CyLLeCTBYIOLWEM B HACTOsLLEee
BpemMs nepecMoTpe B3rnafoB Ha npumeHeHne COTC npoCToro 3anofiHeHUA 30HbI pe3aHuns
yKa3aHHbIM CPefCTBOM Y>Ke He aoctaTouHo [1]. Hanbonee pacrnpoctpaHéHHbIMM COTC npo-
[0/DKat0T 0CTaBaTbCs CMa3ouHO-oxnaxaatowme »xuakoctn (COXK). Kpome Buga nprmMeHse-
MOW YXXNAKOCTK, TaKkxke 1 crnocob nogaun COXX B 30HY pe3aHust BMECTe C XapaKTepucTUKamm
€€ MOoTOKa 0Ka3blBatOT CYLLLECTBEHHOE B/IMAHME Ha NPOM3BOANTENBHOCTL MpoLecca, oxnaxae-
HVEe MHCTPYMEHTa, YAaneHue CTPYXXKM, CHVKEHWE KOMMYECTBa MblIN, TOYHOCTb M KayeCcTBO
06pabaTbiBaeMOii NOBEPXHOCTM AeTanu [2].

Mpn coBpeMeHHOM, JUHAMWUYHO PacTyLLeM YPOBHE MeTasio06paboTK1 OL4HOBPEMEH-
HO noBbIWaKTcs 1 TpebosBaHMs K COXK, a MMEHHO, MHOTO(DYHKLMOHaNbHOCTb U OLHOBpE-
MeHHOe 3(h(heKTUBHOE BbIMO/IHEHWNE HECKONbKNX AeNCTBMA. OAHMM 13 NMPOrpecCcUBHbIX METO-
A08B npumeHeHns COXX aBnsieTcs eé nogava B 30Hy pe3aHus Nof AaBneHremM yepes TOYHO Ha-
npaBfeHHble 0TBEPCTMS (COMNsa) B Tesle MHCTPYMeHTa. [Lonroe Bpems Nogo6HbIA cnocob no-
faun COX aBNAICA CMULLKOM CMOXHBLIM B OCYLLECTBNEHWUW, HO CO BPEMEHEM CUCTEMbI MOAa-
yn COX nog sbicokum gasneHvem (HPC — High pressure coolant) nonoxuTensHO 3apeko-
mMeHZoBamM cebs. Mogaya COXK nof [aBneHUeM MOMIOKUTENIbHO BAMSET Ha (PU3MKO-
MexaHU4ecKune 1 TenaoBble NnokasaTenu npouecca 06paboTKW: pacnpeseneHre 1 0TBOA Tena
13 30HbI pe3aHuns, NPoLecchbl POPMUPOBaHUS U APO6NEHNS CTPYXKKM, HaMnaHwe obpabatbl-
BaeMOro marepuana Ha NoBepXHOCTb MHCTPYMeHTa [3].

W3y4yeHve nuTepaTypHbIX UCTOYHMKOB MOKa3aio, YTO UCCNef0BaHNAMM B 3TOW obnac-
TW aKTMBHO 3aHUMaKOTCA KOMMaHUW, KOTOPbIE IMAVPYIOT B C(HEPe U3roTOB/IEHNA UHCTPYMEH-
Ta C BHYTPEHHeN conenbHoi nogadent xuakoctn. KomnaHmsa Sandvik Coromant npegnaraet
cemeictBa nHcTpymeHToB CoroTurnHP, CoroMill n CoroDrill, KoTopble B CO4eTaHUM C MO-
AYNbHOW UHCTPYMeHTaIbHOM cucTemoii Coromant Capto nsHayanbHO paspabaTbiBasvCh A/15
nogaun COXX nop BbicOKMM AasneHvem [1]. KomnaHus Iscar paspaboTana cemeiicTea NUHCT-
pymeHTOB: Cut-grip — 4715 KaHaBOYHO-TOKapHO 06paboTku, cemelicTsa Isoturn n Heliturn —
A1 NPOLO0/IbHOr0 U TOPLEBOro ToYeHMs, Tang-grip — Ans OTPe3KM U TOYeHUs KaHaBoK, Pen-
tacut — ona NpopesKn, TOUeHNs KaHaBOK M OTpe3ku [4]. YKasaHHble KOMNaHun paspaboTan
PSL KOHCTPYKTMBHBIX pelleHnid ansa obecrniedeHns nogaydn COXX B 30HY pe3aHusi Noj, BbICO-
KUM [jaB/IEHNEM Yepe3 Tesl0 MHCTPYMEHTA.

KOHCTPYKTVBHOI 0COBGEHHOCTLH MHCTPYMEHTOB cucTembl CoroTurnHP siBnseTcs Bbl-
COKOTOYHOE Pacro/ioXeHne cones B Tese MHCTPYMEHTA MO OnpefenieHHbIM YoM, NMpuyem
BE/IMYMHA 3TOr0 Yriia Ha3HAYaeTCs UCXOAA U3 YCIOBUSA, YTOObI XNAKOCTb, BbIXOAALLAA U3 CO-
ren, NoKpbIBasia HeMoOCpPeACTBEHHO camy 30HY pe3aHus, T.e. nonagasa Ha rnaBHyr 1 BCNoMo-
ratesibHyt0 pexylime KpOMKM MHCTPYMeHTa (puc. 1).
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Puc. 1. Mopaya COXX uepe3 Teno WMHCTPYMEHTA B WHCTPYMEHTa/bHOW CUCTeMe
CoroTurn HP [1]

XapakTtepuctukammn cuctembl nogadn COXK nof BbicOKnM aasneHnem HPC asnatoTca
[iaBNIeHNe, Pacxof XXUAKOCTH, a TaKkxKe AuaMeTp 0TBepcTus conna. MpuHLMN, Ha KOTOPOM OcC-
HoBaH adekT HPC, 3aKk/toyaeTcs B CreAytoLeM: YeM MeHblUe AvMameTp OTBEpPCTUS ComMna,
TeM 60/bLLIE CKOPOCTb MOTOKA Ha Bbixofe. Yem Gonblue AnaMeTp conna, Tem 60MblUniA pac-
XOZ, XXMAKOCTM Heobxoaum, u HaobopoT. Kpome TOro, KoiM4ecTso conen (eciv UX HeCcKosb-
KO) ByaeT Takxke BNUATbL Ha [aBeHNe XXUAKOCTH Ha Bbixoge [1].

CornacHo Teopun BepHynnn, BbipaXKatoLLei 3aBUCUMOCTb MEXAY AaB/eHeM, CKOpO-
CTbIO M PacxofoM XWUAKOCTW, B C/ly4ae, KOrAa XUAKOCTb NepexoauT u3 Tpybbl ¢ 60/bLLIMM
ANaMeTPOM B TPYOY C MeHbLUMM AnameTpoM (puc. 2), obecneumBaroTcs He06X0AMMbIe YCIo-
BUA 418 NONYYEHWNS BbICOKOCKOPOCTHOIO MOTOKA XXUAKOCTW. YeM 60/blue AMameTp BbIXOA-
HOro otBepcTua (conna cucteMbl nogadn COXK), Tem 6OMbLUMIA Pacxon XXUAKOCTU HeobXo-
AnM ans obecrieyeHns TpebyeMoro AaBeHus.

KonnyecTtBo conen B TOKapHbIX pes-
Lax MoXeT Konebatbca ot 2 g0 3. Mpu dpe-
3epoBaHMM KOMMYECTBO COMes, a COOTBETCT-
BEHHO, M PacxXof >KUAKOCTW YBeNnynBaeTCs
MOCTORHHAA CHOPOCTE NOTOKI B 3aBMCMMOCTW OT KOJIMYECTBA PEXYLLMX
MNacTUH, YCTaHOB/IEHHbIX Ha ¢pese. Mpw
CBEP/IEHNN BaXKHbIM BbIXOAHBLIM MapameT-
POM MpoLecca fBMNAETCA He TONbKO OX/aXx-

% [EHVEe N CMa3blBaHVe KOHTaKTUPYHLLMX MO-

vy

BEpXHOCTel, HO W o0b6neryeHme 0TBOAA
CTPYXXKW. HemanoBaxHbIM  TpeboBaHVEM
Ans 6onee aeKTUBHOrO AENCTBMS NOTOKA
Puc. 2. BnusHue niowaamn cedeHus COXX saBnsetca nosnydeHne namMMHapHOro
TPYObl Ha CKOPOCTb MOTOKA XMAKOCTY NCTEYEHUS XKMAKOCTN 13 ComMa.
Conna gns nogaun COX B cneuma-
NN3MPOBaHHBIX MHCTPYMeHTax Ans HPC 3apaHee HAaCTPOEHbI, 3a)MKCMPOBaHbI B KOPyCe WH-
CTPYMEHTa U He TpebytoT [OMNOSHUTENBHOW PErynMpoBKN. Takke KOHCTPYKUMS UHCTPYMEH-
Ta/lbHON CUCTEMbI MpeaycMaTpuBaeT MCMONb30BaHUE CreunanbHON UHCTPYMEHTaIbHOW OC-
HacTKu, obecneumBatoLlei nogadyy COXK B KaHaslbl B KOpyce MHCTPyMeHTa (puc. 3).

BoapacTasouiad cCHOpPOCTE NOTOKA
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Mopaya COXX nog BbICOKUM [aBNEHNEM MOMOXKMTENbHO CKa3blBAeTCA Ha KauyecTBEH-
HbIX 1 KOIMYECTBEHHbIX NMOKa3aTeNsx 06paboTKN HEPXKaBEHOLMX U HU3KOYTNEPOANCTbIX CTa-
ner, HO MaKCUMasbHbIA 3PHEKT Npu uc-
M0/Ib30BaHNN 3TOr0 TEXHO/IOMMYECKOro pe-
WeHNs [OCTUraeTcs Npu pesaHun 6onee
TPyAHOOOpabaThiBaeMbIX MaTepuanos, Ta-
Kve KaK TUTaHOBbIE 11 XXapornpoYHble CMiaBbl

[5].

MepeyncneHHble Bbile MNpeuMylLLe-
CTBa MO3BOMIAIOT [06UTLCA Oonee 3addek-
TUBHOFO  MCMONb30BaHMA  060pPYyAOBaHMS,
paboyero BpPeMEHW W YNYYLIEHUA BCEro
npoecca 06paboTKun, obecrieynsas TemM ca-
MbIM  ObICTPbIA  BO3BPaT  B/IOXKEHHbIX
cpeacts. ONTMMK3MPOBaHHas cucTema 06-
Puc. 3. MexaHu3m 3aKpeneHus To- paboTKM Ha CTaHKe C ucrnonb3osaHnem HPC

KapHOr0 MHCTPYMEHTa C BO3MOXHOCTb0 no-  MOKET OKYMUTLCA 33 HECKONbKO MECALEs
faun COXK nop BbICOKMM AaBneHNeM B KaHa- [5]
Nbl B Tefie MHCTpymeHTa [1]

MogepHu3aums cTaHKa C Lebio oc-
HalleHna ctaHument nogsoga COXX nog Bbl-
COKUM [aBfleHMeM BO3MOXHa W MpU 3KC-
nayaraumn 060pysoBaHMS Ha MPOU3BOLCTBE, HO 9KOHOMUYECKW Lienecoobpa3Ho yCcTaHas/u-
BaTb AaHHYIO OMLMIO NpY 3aKase 060pyLOBaHWS Ha MPeanpuUsTUM-U3roToBUTeNe. 3TO 06Y-
C/TIOBNIEHO CNOXHOCTbIKO 3aMeHbl M MOAepHM3auUM CTaHAapTHBIX Y3/10B B CUCTEMe Mofaum
COX cTaHKa.

Takum 06pasom, npumeHeHme nogadyn COXK nof BbICOKMM [aBneHneM crefyeT pac-
cMaTpmBaTb Kak crnocob noBbleHUA 3(h(heKTUBHOCTIN Pa3/IMUHbIX TEXHOMOMMYECKMX Onepa-
UM Npy (hpe3epHO 1 TOKapHO 06paboTKe, YTO MO3BO/MSET YBEIMYUTL NPOU3BOAUTESb-
HOCTb, NMOBbICUTb Ka4eCTBO NOBEPXHOCTEN U3AENNSA NPU MeXaHUYeCcKo 06paboTKe C pasnny-
HOW CEepUNHOCTLIO MPON3BOACTBA.

Cnucok nutepatypbl: 1. O6paboTka ¢ COXX nog Bbicokum gasneHvem (HPC) — no-
BblILLEHWE MPOM3BOAUTENILHOCTU U CTabunbHOCTL 06paboTkn. — AB Sandvikens Tryckeri:
2010.06. — 48 c. 2. Cma3o4HO-OXNaxaatoLme TeXHoNornyeckne cpeacrea. CnpaBoYHUK /
Moa pen. N1.B. XygobuHa. — M.: MawmnHocTpoeHue, 2006. — 543 c. 3. borycnasckuii B.A.
MoBbILLEHNE NPOM3BOANTENBHOCTM 06PaboTKM TPyAHO0OPabaTbiBaEMbIX MaTepnasos ¢ npu-
MEHeHMEeM CMa30UHO-0XNaxXAatoWmX xuakoctei / B.A. borycnasckuid, T.I". iB4eHko, Cax6u
3aHTyp // Hay4yHble Tpyabl [JJOHELKOro HaLuMoHaIbHOr0 TEXHUYECKOro yHuBepcuteTa. Cepus:
MalumHoCTpoeHe 1 MallmMHoBeeHuWe. Boinyck 7 (166). — AoHeuk: JoHHTY, 2010. - C. 9-
16. 4. Hosble TexHonorun ISCAR: NHcTpymeHT ¢ nogadein COXX nog gasneHviem // NHgop-
MaLNOHHO-aHA/ITUYECKOE U3faHne «HCTPYMeHTbI U (DaKTbl» [DNeKTPOHHBIA pecypc] — Pe-
Xum poctyna: http://xn----7sbhvkdlaaohgm.xn--plai/m-article/59---iscar------- (nata obpa-
weHuna: 05.04.2013). 5. T[lpeumyuectsa nogaun COXX nof  BbICOKMM  [aBIeHVEM
//9Kcno3nums metannoobpaboTka. HayyHo-TexH. XypHas. — 2012, — Ne 2 (93). — C. 16-17.
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AHHOTauus. BbINONHEHO onpefeneHne cpefHero KoauuyeHTa TPeHus npu Tove-
HUW ayCTEHNTHOI Hep>Kasetowlen cTamm 12X18H10T TBEpLOCNIABHBIM MHCTPYMEHTOM C
TiN-NoKpbITUEM C UCNONb30BaHNEM pa3nyHbIX Bugos COTC.

KntoueBble c/ioBa: TOYeHUe, ycaZka CTPY>KKU, CPeAHUIA KOIh(PULMEHT TpeHus,
COTC, TiN-nokpbITHeE.

1. BeegeHue

PYHKUMN CMa304HO-OXNaxXKaatoWwmx TexHonornyeckmx cpeacts (COTC) [1] (cmasbl-
BaloLLas, OXnaxjaroLLas, AncneprypyoLwas, MorLLas, geMnpupyroLlas, 3awmuTHas) cocToaT
B MOBbILIEHNN 3((EKTUBHOCTU MPOLEcca TOUYEHUS MOCPELCTBOM YBENIMYEHUA MPOU3BOLM-
Te/IbHOCTW, MOBbILEHUS CTOMKOCTM MHCTPYMEHTa, YNydlleHMsi KayecTBa 06pabaTbiBaeMol
MOBEPXHOCTU, YTO MPUBOLUT B KOHEYHOM CHETE K CHVXKEHUIO CTOMMOCTMN MEeTasN1006paboTKu
BCNEACTBME YMEHbLUEHWS 3aTpaT Ha PeXYLWMiA MHCTPYMEHT, COKpaLleHnto 6paka 1 NpocToes
CTaHKOB, CBA3aHHbIX C 3aMEHOM 3aTyNMBLUIErocs MHCTPYMEHTA.

[na paunoHanbHoro Belbopa COTC Heo6x04MMO MpeLBapuTeSIbHO BbINOIHUTL OLEH-
Ky ero TexHOMOrMyeckux CBOWCTB. B faHHOI paboTe paccmaTpuBaeTcsi O4HO M3 OCHOBHbIX
coicte COTC - cmasbiBatowmii apekT. Cnocob oueHKM aaHHOro aekTa 6bIn paccmoT-
peH B paboTe PbikyHoBa A.H. [2], KOTOpbIA NO3BOMNA HEMOCPEACTBEHHO Ha NPOV3BOLACTBE, B
peasibHbIX KOHKPETHbIX TEXHOMOMMYECKUX YCMOBUAX M B KpaTuaillee Bpems OCYLLECTBAATb
CpaBHeHMe TPUBOTEXHNYECKUX XapaKTePUCTUK PasINYHbIX nap TpeHus. MurpaHos M.LU. B
CBOeli [JOKTOPCKOW anccepTaumu [3] ¢ NOMOLLbIO METOA0B HepaBHOBECHOW TEPMOANHAMUKM
paspaboTan MHHOPMALMOHHYHO 6a3y AaHHbLIX M0 TPUBOTEXHUYECKMX Y TEXHONOMMUYECKUM Xa-
paKkTeEPUCTUKAM, MO3BONAIOLLYIO OMEPATUBHO C NMOMOLLLIO KOMMbLIOTEPHBIX MPOrpamm aBTo-
MaTU31POBaTb U PaLMOHaIN3MPOBATb MO U3HOCOCTOMKOCTU BblIOOP MHCTPYMEHTa/IbHbLIX Ma-
Tepuanos, PVD-nokpbiTuin, COTC 1 pexxmmoB pesaHusi. Hanbonbluee BHUMaHVe 06paTun Ha
cebs MeTof onpefeneHus cpeHero KoaguumneHTa TpeHmus, NpeacTaBneHHbIn B pabote Po-
MeHKO P.H. [4], KOTOpbIiA [OCTaTOYHO NIerko M ObICTPO peasm3yeTcs B NPOM3BOACTBEHHbIX
YCNOBUSX.

Llenbto faHHON paboTbl ABNSETCSA OnpeseNieHne CpegHero KoapguuyeHTa TpeHus npu
TOYEHMWN ayCTEHUTHON HepXKaBetoLen ctanm 12X18H10T TBEpAoCnIaBHbIM UHCTPYMEHTOM C
TiN-NOKpbITUEM MPU MUCNONb30BaHWUN pa3nyHbIX BMaoB COTC. [Ans JOCTUXKEHMS MmocTaB-
NEHHON Lienn HeobX0AMMO PeLLnTb CreaytoLme 3agaqun:

- ONpefennTb pasMepbl CTPYXXKK nocse TodeHna ctanm 12X18H10T npu ucnonb3osa-
HUW pa3nnyHbiX Buaos COTC,

- OMpesenunTb KO3M(ULIMEHT YCALKM CTPYXKKU;

- OMpeaenunTb CpefHUA KO3MULMEHT TPEHNS.

2. OCHOBHOE cofiepXXaHue 1 pe3ybTaTbl PpaboThbl

JKCnepuMeHTalbHble UCC/E0BaHUA BbIMOMHANIUCL HA TOKapHOM MeTas/lIopexy-
em ctaHke ¢ Uy mogenn 16K20d3. B kayecTBe MHCTPYMeHTa UCMNO/b30BaIn TBepn0-
cnnaeHble nnactuHbl T5K10 ¢ TiN-nokpbiTvem (nepegHuin yron y = 0°; 3agHWiA yron
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0 =7°; rnaBHbIn yron B nnaHe ¢ = 45°; BcnomoraTeNbHbI Yron B nnaHe @; = 45°).Bo
BCEX MWCCNeAOBaHMAX paccmaTpuBasiocb NPOAOSbHOE ToyeHue (v =125 m/mMuH, s =0,3
MM/06, t=1 MM) ayCTeHMUTHOW HepxaBetowle ctanu 12X18H10T ¢ Mcnonb3oBaHMEM
cnegyrowmnx COTC: YHusop-M, deppobeton-M, 9ko3M-1, STARCUT E9, SAFECUT
M120.

CpefcTBO «YHU30p-M» (5%-HbI CUHTETUYECKMIA pPacTBOP «YHU30p-M» Ha base
BOLOPacTBOPUMbIX onuromepos, MAB, PyHKUNOHaNBHBIX NPUCALOK C BK/IKOYEHWEM U H-
rméuTopos Kopposnn n bruoumgos) suga MAG couyetaeT B cebe, Mo OTHOLIEHUIO K ApY-
rum paccmatpuaembiM COTC, BbICOKME OXNAXAAIOLLME U HU3KME CMa3blBalOLLME CBOWA-
CTBa.

CpenctBo «®eppobeton-M» (5%-Hasa amynbcus «Peppobeton-M» Ha 6ase pac-
TUTENbHLIX U MUHepanbHbIX Macen, NMAB 1 aHTUMPUKLUMOHHBLIX npucasok) suga MAB
ABNSAETCSH 3MYyNbCMEN MO TUMY «Mac/fo B BOAE» C aHTU(PUKLMOHHLIMU Npucagkamun v
obnagaeT BbICOKMMW CMa3blBaOLLMMMN CBOMCTBAMU, HO HU3KMMU OXNTaXKAal0LWMMMU.

CpefctBo «3K03IM-1» (5%-Has nonycMHTeTUYECKas MUKPO3MY/bCUA «IKOIM-1» Ha
6ase pacTuUTeNbHbIX U MUHepa/ibHbIX Macesn, MAB 1 aHTUDPUKLUMOHHBLIX MPUCcatoK) BuAaa
MAF sBnseTca NonyCUHTETUYECKOA MUKPO3MY/bCUEN MO TUMY «Macsio B BOZE» C aHTUPUK-
LUMOHHbLIMX NpUcagKaMn 1 0651a4aeT BbICOKMMM CMa30UHbIMW CBOMCTBAMU U CPeSHUMM OX-
EVETTIZIVIZ

CpepctBo «<STARCUT E9» (5%-Hast amynbens «STARCUT E9» Ha 6a3e MUHepa/IbHbIX
Macesn 1 NpuUcafoK BbICOKOTro fasneHuns) Buga MAA aBnsetca amynbcueli n obnagaet cpes-
HVMW CMa3bIBatOLLMMU N HU3KMMW OX/TaXKAAIOLLMMMN CBOMCTBAMM.

CpeactBo «SAFECUT M120» (5%-Had MONYCUHTETMYECKAs MUKPO3MY/bCUSA
«SAFECUT M120» Ha 6a3e MUHepanbHbIX mMaces, (YHKLMOHabHbIX NPUCAA0K C BK/IHO-
YEeHWEM MHTMOBUTOPOB KOPpo3umn n 6uoungos) Buga MAE ABnseTCA MNONYCUHTETUYECKOWA
MUKPO3MY/IbCUEN U BKOYaeT B Ce65 cpefiHME OXNaxalLive U CMa3biBatoLLMe CBONCT-
Ba.

Mopaya COTC ocyulectBnsnacb nocpefctsoM Hacocos MA-22 (mowHocTb 120 BT,
pacxof 22 n/MVH) Ha 3aiHIOH NMOBEPXHOCTb PEXYLLEro NHCTPYMEHTA.

CpeaHunit KOAULMEHT TPEHUS MPY TOUYEHUN COrnacHo [4]

. cosy +sin y—B-(cosy—sin yj

cosy—sin y+B-(cosy +sin ].fj,

raey — nepegHuin yron pesua; B = tgf; — BeNMumnHa, XapakrepusyroLas cTeneHs nna-
CTUYECKMX AethopmaLimin MeTasiia CHUMaeMoro npunycKa n NoBepPXHOCTHOrO €105 obpaba-
TbIBAEMOWA AeTann; 31 — Yron Hak/oHa YCMI0BHOM NAIOCKOCTM cagura. MNpw aTom BeiMumHa By
Oblna onpegeneHa U3 GopMy bl C yH4eTOM U3BECTHOM M3 OMbITa BENMYMHbLI MOMEPeYHOin ycaa-
KN CTPYXKKN Ky

p _ cos(B.-y)

“ sin 5y

Buapl CTpy>Kek, NosyyeHHble NpKn nogade pasnnyHbix sugos COTC, npeacTas/eHsbl B
Tabnuue 1.
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Tabnuua 1. CTpy>KKoo6pasoBaHue npu TodeHnn ctanmn 12X18H10T
6e3 COTC YHu3op-M Peppobeton-M

i |
3 -

g AT ey d

JKoOM-1 STARCUT E9 SAFECUT M120
— 1
y 3 i
) 7 %""v
=5 '

CornacHo 3KcrnepuMeHTa/IbHbIM UCCMEf0BaHNAM KOIPMULMEHTbI YCAAKN CTPYXKKM
[/19 paccMaTprBaeMbIX YC/IOBUIA TOUEHUS MPU UCMOb30BAHWUWN CPELACTBA «YHU30p-M» - 2,4,
«®deppobeTon-M» - 1,9; «3ko3M-1» - 2,0; «<STARCUT E9» - 2,2; «SSAFECUT M120» - 2,2.
Torga, cornacHo BbILLENPUBEAEHHBIM 3aBUCUMOCTAM, CPefHUI KO3MMULMEHT TPEeHUA npu
TOYEHUU C WUCMOMb30BaHMEM CPeACTBa «YHU30p-M» - 0,41; «PeppobeTton-M» - 0,31; «3ko-
3AM-1» - 0,33; «<STARCUT E9» - 0,38; «<SAFECUT M120» - 0,38.

3akitoyeHue. MpeacTaBneHHbIn METOA N03BONA ObICTPO U 6e3 NPUMEHEHNS CreLu-
a/lbHOro 060pYy0BaHNA OMpPeAennTb OPUEHTMPOBOYHbIE 3HAYEHNS CPeAHEro KoadurumneHTa
TPEHUS NPW TOYEHUN ayCTEHNTHOW HepxKasetowlel ctanm 12X18H10T TBépLocnaBHbIM MH-
CTpymMeHTOM C TiN-MOKpPbITUEM C UCNO/b30BaHNEM pa3nnyHbIX Bugos COTC. MNpu npumeHe-
HUN «YHU30P-M» cpefHniA KoathhmumeHT TpeHus coctasun 0,41; «Peppobeton-M» - 0,31;
«39K03M-1» - 0,33; «<STARCUT E9» - 0,38; «<SAFECUT M120» - 0,38.

Cnucok nutepatypsbl : 1. ABC du graissage [9neKkTpoHHbIii pecypc] / Castrol. — Pe-
XUM focTyna:
http://www.castrol.com/liveassets/bp_internet/castrol/castrol_switzerland/STAGING/local_as
sets/downloads/a/ABC_F_Mai_2009.pdf - (06.09.2013). 2. PbikyHOB, A.H. CpaBHUWTE/IbHasA
9KCMpecc-oLeHKa TPUBOTEXHNYECKUX XapaKTePUCTUK 30HbI pesaHuns / A.H. PbikyHOB // IH-
CTPYMEeHT 1 TexHonornn. — 2005. - Ne 11-12. — C. 159-161. 3. MurpaHos, M.LLI. MNoBbILeHne
M3HOCOCTONKOCTN MHCTPYMEHTOB Ha OCHOBE MPOrHO3MPOBaHNSA NMPOLLECCOB afanTaLmm no-
BEPXHOCTEN TPEHNSA NpY pe3aHnuM MeTasl/IoB: aBToped. Anc. A-pa TexH. Hayk: 05.03.01 / Mu-
rpaHos Mapc LLlapnynnosuy; YumMcKnii rocyapCTBeHHbIV aBUaLMOHHBIA TEXHUYECKMIA
yHuBepcuTeT. — 3amnTa 22.05.07. — Mocksa, 2007. —-34 c. 4. domeHKo, P.H. VccnegosaHue
BNAHNA N3HOCOCTOMKNX MOKPbLITUIA MHCTPYMEHTA Ha pa3/iyHble napaMeTpbl npoLecca pesa-
HUA npu TodeHun/ P.H. ®omeHKo // BecTHUK YT ATY. MawnHoctpoeHme — 2009. — T. 12. -
No 4 (33). — C. 51-55.
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YK 621.923
BbIEOP TEOMETPUI TOPLOBOIO LLUTNMPOBAJIBHOIO MHCTPYMEHTA

YctumeHko A.C., baiikos A.B. (kacbegpa TM, JoHHTY, r. [loHeUK, YKpanHa)

Mpwn 06paboTKe NMLEBOA NOBEPXHOCTM O6NMNLOBOYHBIX MANT U3 NPUPOAHOTO KaMHS He-
06Xx0aMMo 06ecneynTb Tpebyemyto BefIMUMHY HEMIOCKOCTHOCTY MOBEPXHOCTM. Ha aTtanax
(PMHULLHOA 06pabOTKM Ha PaBHOMEPHOCTb CheMa MaTepuana CyLLeCTBEHHOE B/IMSIHWE OKa3bl-
BaeT reomMeTpus paboyein NOBEPXHOCTU LUNN(OBASLHONO UHCTPYMEHTa, B YaCTHOCTM, 3aKOH
M3MeHeHWs BLO/b paguyca MHCTPYMeHTa KO3(h(uMLMeHTa 3an0/HEHNS alIMa30HOCHOTO C/Of.

Ha ocHoBaHMM (PU3MKO-MexXaHWYecKoro nogxofa K npobneme (HopmMoobpasoBaHus
noBepxHocTel [1, 2] npy TOPLOBOM LUNN(OBaAHNM CbeM Ha KaXXI0W 3neMeHTapHOM NJoLlaaKe
KOHTaKTa MHCTPYMEHTA ¥ 3ar0TOBKM OMpPefenseTcs 3aB1CUMOCTbIO:

dz —
E:Cmka,

rAe z - NVHelHbIA CbeM B flaHHOV Touke noepxHocTu feTann; C,,, - NocTosHHasA, Xa-

pakTepu3yroLLias KOHKPETHbIE YCI0BUA 06paboTKM (3ePHUCTOCTL Y TBEPAOCTb UHCTPYMEHTA,
CBOIiCTBa 06pabaThiBaemMoro Matepuana u T.4.), Mna™; p - yaensHoe JasneHue B 30He pesa-

HUs, MIMa; K - Ko3ah(ULIMEHT 3aM0oNHEeHNst MHCTPYMeHTa [2, 3, 4]; V' - cpeaHss CcKopoCTb OT-
HOCUTENbHOIO ABMXXEHUA UHCTPYMEHTa 1 feTann, M/C; t - Bpems, C.

BenmumHa KoaddurumeHTa 3anoHeHNs B K&XKA0A KONbLEBON 30HEe MHCTPYMEHTa 3aBU-
CUT OT Tpebyemoii NPOM3BOANTENBHOCTM 06PabOTKM, KNHEMATUYECKMX NapamMeTpoB pe3aHus
N TeOMeTPUN MHCTPYMEHTA.

VccnepgoBaHne BNMAHNA BbILenepeunc/ieHHbIX (DakTOPOB Ha BEIMUNHY U XapakTep 13-
MEHeHUs KoapduLumeHTa 3anosiHeHNA NMPOBOAUINCE A1 UHCTPYMeHTa C pasMepamu, COOT-
BETCTBYIOLLMMY pasMepaM anmasHoi rofiosku AN 320: HapyXHblid gnameTtp D=320 mm,
AnameTp oteepcTua d=112 MM Mpu ycnoBuW, 4TO B AvanasoHe b=56...135 MM BennuumHa
Cbema nocTosHHa. PacyeTbl npoBoauanch ¢ ucnonb3osaHuem Mr MathCAD 7.0

VccnepoBaHuns nokasanu, Yto ¢ U3MEHeHWEM YacTOTbl BpaLleHUs UHCTPYMeHTa 3Haue-
HVe KoahuumeHTa 3anoHEHNS B Pas/IMUHbIX KOMbLEBbLIX 30HaX NPONOPLMOHaIbHO U3MEHS-

eTcd, a Xapaktep pacnpegeneHus

1

0978 BOO/Ib pauyca MHCTPYMEHTa coxpa-
HAETCA HEM3MEHHbIM. 3aBWCKMMOCTb

K1 (n) Ko3(ppuLmeHTa 3ano/IHEHUA UHCTPY-
m% MeHTa B pa3/INYHbIX CEYEeHUAX OT
coo U 4acTOTbl  BpALLEHUS  UHCTPYMeHTa
K3 (n) npeficTaBfieHa Ha pucyHke 1. 3aBu-
BaR CMMOCTb HOCWUT 06paTHO MpPOMopLMO-
0318 Ha/lbHbIl XapaKTep, YTO BMO/IHe 00b-

N <0 10 20 a0 0 ACHUMO, TaK Kak BennymHa chbema mMa-
" . - Tepvana nponopLMoHa/IbHO 3aBUCUT

e s . n ot KOC-)d)‘E*)I/ILU/IeHTa 3anosiHeHus, 1

OT CpefHeil CKOPOCTW KOHTaKTa Mo-

Puc. 1. 3aBMCUMOCTb KO3(PPuLMeHTa 3a- BEPXHOCTU 3aroTOBKW UM WUHCTPYMEH-

MOJIHEHWUA OT YaCTOTbl BPaLLEHUSA Ta, ONpefensiemoi 4YacToToin Bpallle-

HWS NOCNEAHErO.
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BennunHa nogayuv MHCTPYMeHTa Ha XapaKTep pacnpefeneHuns KoadguumeHTa 3anonHe-
HWS BLO/b Pafnyca MHCTPYMEHTA TaK Xe, KaK 1 CKOPOCTb, HE B/IMSIET, O4HAKO B/INAET Ha 3Ha-
yeHMe Koath(hunLMeHTa 3arMo/IHEHUA 1 3TO BAWAHVE MPAMO NPONOPLMOHa/IbHOE (puc. 2). 3T0
CBSA3aHO C TeM, YTO Be/IYMHa Nojaym onpesenseT BpeMs KOHTaKTa 3/leMeHTapHOW NIoLLaLKu
Ha MOBEPXHOCTW 3ar0TOBKM C NOBEPXHOCTLIO LLIM(OBA/ILHONO Kpyra: C YBe/IMYeHeM Nogadu
BPEMS KOHTaKTa YMeHbLUaeTCs, CnefoBaTe/ibHO, YMEHbLUAETCA KO/IMYECTBO aKTOB B3avMO-
[encTBrs abpasunBHbLIX 3epeH ¢ obpabaTbiBaeMbIM MaTepuanoM. TakuM 06pa3om, Ans coxpa-
HEHWA NPOV3BOANTENBHOCTM 06pPabOTKN HEOOXOAMMO YBENNYUMBATL BEIMUMHY KOIPPULMEH-
Ta 3amnosIHeHUs MHCTPYMEHTA.

1

.0.978,
K1(s)
XXX
000
K3(s)
=i=la]
0299,
20 30 40 50 150 200 250 300
20, s 50, 160, R 280,
mm/s mm
Puc. 2. 3aBMCUMOCTb KO3(hhmumeHTa 3a- Puc. 3. 3aBMCUMOCTb KO3(hhmumeHTa 3a-
MOSTHEHMS OT BEMUMHbBI NOAAUN MOSIHEHMA OT paguyca MHCTPYMeHTa

Mpy BapbMpOBaHWM pagMyca WMHCTPYMEHTA W3MeHeHWe KOoaduuueHTa 3arofiHeHus
BLONb paguyca MMeeT OMHAKOBbIMA XapaKTep ANS BCEX pacCMaTpuBaeMblX 3HAYEHWUIA, pasniun-
4alOTCA TO/IbKO YWCMEHHbIE 3HAYeHUs. BennmumHa 3HaueHWin KoauumeHTa 3anofiHeHus B
COOTBETCTBYIOLLMX 30HAX C YBE/IMUYEHNEM pPajMyca MHCTPYMeHTa 06paTHO MPOMNOpPLMOHaIbHO
yMeHbLuaeTcs (prc.3). IT0 0OBACHAETCA TEM, UTO C YBE/IMYEHUEM pajmyca MHCTPYMEHTa
YBENNUYMBAKOTCA U CKOPOCTb, N BPEMS KOHTAKTa 3/leMeHTapHbIX MoLafoK obpabaTbiBaeMol
MOBEPXHOCTW M NOBEPXHOCTN UHCTPYMEHTA.

MpoBeseHHbIe UccnefoBaHNA NO3BONAKOT CALNATh BbIBO, UTO XapaKTep U3MEHEHUS KO-
apduLmeHTa pacrnpefeneHns aMasoHOCHOro CNos BAO/b pagmMyca MHCTPYMeHTa onpesens-
€TCA TO/IbKO 3aKOHOM pacrnpefieneHns BeNNYMHbl CbeMa MaTepuana B CeYeHUU, NepneHanKy-
NAPHOM HarpaseHMIo Nojayn. YucneHHoe 3HayeHne BeIMYMHBLI KOI((ULIMEHTa pacnpese-
NEHNS 3aBUCUT OT PEXXUMHbIX NapameTpoB 06paboTKM 1 reOMeTPUYECKMX PasMepoB NUHCTPY-
MeHTa.

Cnucok nutepatypbl: 1. Kparenbckuia . B. OCHOBbI pacyeToB Ha TpeHue 1 n3Hoc /
L. B. Kparenbckuii, M. H. [lo6blunH, B. C. Kom6anos. - M. : MawwnHocTpoeHune, 1977. —
526 c. 2. PoroB B. B. ®uHuwHaA anma3Ho-abpa3uBHas 06paboTka HEMETaNIMUYECKNX AeTa-
neii / B. B. Poros. - K. : Hayk. [lymka, 1985. - 264 c. 3. Cugopko B. /. TeopeTuyeckuii aHa-
N3 N3HOCa paboyero cos MHCTPYMEHTA AN PUHMLLHON 06paboTKKN AeTanein n3 NpupoaHOro
N CUHTETUYeCcKOro KamHs / B. . Cngopko // CeepxTBepable matepuassl. - 2006. - Ne 2 - C.
64-71 4. CkpsabuH B. B. XapakTtep n3Hoca paboyero cios MHCTPYMeHTa Npu PUHULLHON 06-
paboTke MNIOCKMX MOBEPXHOCTeN WU3AenMin 13 a/IlOMOCUIMKATHLIX — MaTepuanoB  /
B. B. CkpsabuH, B. V. Cugopko, 0. [. ®dunatos // CeepxTeepable Matepuassbl. - 2004. - Ne 4.
- C. 69-74.

146



NH>XXEHEP, Ne 14, 2013 r.
MPOLECCHI PESAHVA

YK 621.91.01
NMPEOBPA3OBAHNWE JTATTJTACA B NCCJTIEAOBAHNN
HECTALUWNOHAPHOI'O TEMJIOBOI O PEXXMA PEXXYLLEIO NMHCTPYMEHTA

XapaxawbsaH A.M. (4AI'TY, r. PocTos-Ha-[oHy, Poccus)

AHHOTaumsA. OTpaboTaHa MeTOAMKa onpeaeneHns TeMnepaTypHbIX Nosel B cUcTeMe
«PEXKYLNA MHCTPYMEHT — 3aroToBKa» C WCMOMb3oBaHMeM npeobpas3oBaHus Jlannaca.
Pe3ynbTaT BepuuumpoBaH nyTem COnocTasneHNs C NpefenbHbIM CTaUMoHapHbIM PELLIEHNEM,
06LLe(hM3NYECKAMN  COOOPadKEHUAMM U [aHHBIMU  TEXHWYECKOro  3KCMepuMeHTa.
MpegnonaraeTca pasBuTyie MeTOANKN Ha peaiCTUYHbIE MHOrOMEpPHBbIE NOCTaHOBKY.

Mpw pesaHUn METa/I/IOB TEM/IOBON PEXXMM CUCTEMbI «PEXYLLMIA MHCTPYMEHT — AeTaslb» Orl-
pefensieT CPoK CNyxbbl pesLia U KauecTBO 06paboTKy mMatepuasa. [Mo3Tomy ucciefoBaHus Tensio-
BbIX PEXMMOB pe3aHns ABNAKOTCA KpailHe akTya/lbHOW 3afadeil. TeMnepaTypHble Nos B UHCTPY-
MEHTE ¥ [eTanM ONUCbIBAOTCS AUddepeHUMabHbIM YPaBHEHEM C YaCTHbIMM MPOU3BOAHbIMU [1-
3]. Mowck peLeHnst 3TOro YpaBHEHMS C KOHKPETU3NPYIOLLMMI HaYa/IbHbIMX U FPaHNYHBIMK YCO-
BMSIMW AB/ISIETCS JOCTATOYHO C/IOXKHOW 3afja4eit, a COBPEMEHHbIE CUCTEMbI CUMBO/IbHLIX BbIYMCTIE-
HWUIA NO3BONSAIOT NO/YUNTH PeLLEHMe TONbKO B NPOCTEMALLMX CyYasx. 3HAUMUTENIbHO YNPOLLAET Bbl-
UMCNEHNA MHTerpa/ibHOEe NpeobpasoBaHmMe Jlansaca, COCTosILLee B CBEAEHNN AndidepeHLmanbHOro
YPaBHEHUS C YaCTHLIMU NPOM3BOAHBIMU K 06bIKHOBEHHOMY AV(dEPeHLMaIbHOMY YpaBHEHMIO.

Pun3nyeckn cocTonTeNbHbIE LOMYLLEHNS MO3BONAIOT paccMaTpuBaTh 3agady O Tenso-
BOM peXxume pe3lia Kak 3afadvy Harpesa nosyorpaHMyYeHHOro CTEPXKHS, Ha KOHLe KOTOpOoro
3aflaH TenioBoi NOTOK, a MOBEPXHOCTb MOABEPXKeHa Tennootaade ¢ kKoahhumumeHTom b. Co-
OTBETCTBYIOLLIEE YPaBHEHVE MEET BUA;

2
o aa—T -bT, 1)
ot 6x2
Be3 NoTepy OBLYHOCTV MOXHO OKPYXKAOLYH0 M Haua/lbHyl0 TEMMEpaTypy CTEpyKHS
cunTath Hynesoii, T.e. T(x,0)=0, w = —%, T(0,t)=0.
X

CTauyoHapHbIM peLLeHrem (1) CnyxuT:

b
- [=X
T(x):ﬂ\/ge \fa . )
£\b
WHTepec A1 aHaM3a 1 MOAENMPOBaHNA MPEACTAB/SAET HECTALOHAPHOE PeLLeHe, 3a-
BUCSALLIEE OT BpemeHn. CTaLyoHapHOe peLLieHre NMo3BONAeT CyauTh O MPOLeccax, Mpoucxoas-
LLNX B CTEPXKHE JINLLUb Ha 00/bLLOM NMPOMEXXYTKE BPEMEHU, B TO BPEMA KaK HECTaLlMOHapHOE

peLLieHVe 1aET BO3MOXHOCTb PaCcCMaTPUBaTh MX AaXEe Ha MaslbiX BPEMEHHbIX MPOMEXYTKAX.
MprMeHUB NpsMoe NpeobpasoBaHye Jlannaca K ypaBHeHuto (1), Nonyyum:

02U
sU-T(x,0)=a——-bU
(x, 0) 2
2
aLZJ—uES+bH:o. 3)
oX ga [

OGLLee peLLeHne aTOro ypaBHEHUs MEET BUA:

b, _[sb,
U(x,s)=Ce¥ @ +Cpe ' 2
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s s+bX b - s+bX
/ +b \ 4 / +b 4
U '(X, S) = Cl sTe a - C2 > a e a . (4)

MprmeHnB Npeobpa3oBaHKe Jlannaca K rpaHNYHbIM YCIOBUAM W NOACTaBUB Pe3y/b-
TaT npeobpasosaHus B (3) 1 (4), nonyyaem

wa_ . __aa
26Js+b 2 2&ys+b

Monyyaem peLleHvie B MPOCTPAHCTBE N306PaXKEHWIA:
U(x, s)= w2 H ! B ! B E (6)
X, S)= —e
2&54/s+b D
[

Mpounssess obpaTHoe npeobpasoBaHme J'Iannaca M YNPOCTUB BbIPXKEHWE, NOMy4aem
(DYHKUMIO ABYX MEPEMEHHbIX, KOTOpas CNYXXUT peLleHveM ypaBHeHus (1):

Cl = - (5)

/bt _ 2 - x2
q [ e dz -br
_ 0 txe 4aT 7
T(X,t) /Zf\/b_ (J)' T dr . (7)
2
r

C uenbio NpoBepuTh peLleHue (7) Ha pyC. MoKasaH ero BbIXOA Ha CTauuoHapHoe (2)
npu t — oco. MOMYYEHHbIR pe3ynbTaT He NPOTUBOPEUNT 34PaBOMY CMbICIY W HEMI0X0 Corfa-
CYeTCs C KOMIMYECTBEHHbIMWN JaHHbIMU TEXHNUYECKOr O 3KCNepUMEHTa.

Hav6onee cnoxHbIM 3Tanom petteHus (1) ¢ ucrnonb3oBaHvem npeobpasosaHus Jlan-
naca siBnseTcA obpatleHne n3o-

300, OpaxkeHuns: nocnefHee, Kak npa-
\ BWIO, COCTOMT M3 6OMbLIOrO
ynmcna (yHKUWiA. Bblgenutb B
N3006paXKEHUN  peLLeHns  ane-
MEHTbI, KOTOpble MOryT ObITb
obpalLieHbl, AOCTATOYHO CrIOX-
HO, MOCKO/NbKY TpebyroTca [o-
MOJIHNTE/IbHbIE NMPeobpa3oBaHs
[1]. OpHako, mepexof K 0ObIK-
HOBEHHbIM  Au(epeHLnasb-
HbIM YpaBHEHWAM MO03BO/SET
NMPOM3BOAUTL YaCTb BbIYMC/IE-

Teran(x)
T(x.5)
T(x,10)

2007

T(x,15)

T(x,35)
T(x,100)

1007

5 i . e el HWiA (B TOM uyncne u obpaTHoe
x npeobpasoBaHne Jlannaca) cC
Puc. 1. InHamMnKa TemnepaTypHOro noss B pesle  MoMOLbH0 CUCTEM CUMBOJILHOM
C BbIXOJJOM Ha CTalMoHapHoe MaTeMaTuKu.

Takum 06pas3om, aBToO-
POM OCBOEHa ¥ 0TpaboTaHa MeToAuKa NpuMeHeHus npeobpasoBaHus Jlannaca Ans nsyveHus
TeMnepaTypHbIX PEXKUMOB NMPOCTPAHCTBEHHO OAHOMEPHONW CUCTEMbI «PEXYLLUMIA UHCTPYMEHT
— 3aroToBKa». [MepcneKTUBHLIM NPeACTaBAAETCA PacnpoCTPaHeHWe NOYyYEHHbIX pe3ynbTaToB
Ha CUCTEMbI C PeaIMCTUYHON ABYX- U TPEXMEPHON reOMeTpueil.

Cnincok nutepatypbl: 1. [1éu . PyKOBOACTBO K NPaKTUYECKOMY NMPUMEHEHUIO Mnpe-
obpasoBaHus flannaca u Z-npeobpasoBaHus. M., 1971. 2. ApamaHosuy W.I'., JlesuH B.W.
YpaBHeHUst MaTeMaTnyeckor uankn. M.: Hayka, 1969. 3. LLly6uH M. A. Jlekumm 06 ypas-
HEHUAX MaTemMaTnyeckon msmkn. M.: MLIHMO, 2003.
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