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CTAHKH H HHCTPYMEHTbBI

YK 621.91.04

YHPABJIEHUE ®OPMOOBPA30BAHUEM TOPLOBBIX 3YBYATBIX KOHTYPOB
IF'EOMETPUYECKUM METOJOM

0-p mexn. nayx, npog. B.A. JAHUJIOB, O.B. A/TIOBCKHH
(ITonoyxkuii zocydapcmeennwlii yHugepcunent)

Paccmompen ceomempuyeckutl memoo ynpagnenus opmoobpazosanuem nazo8 mopyoevix 3y0uamvix
KOHMYPO8 No cxeme 00pabomKu ¢ napaiienbHbLMU OCAMU 3a20MOBKU U UHCIPYMEHMA 3d CYem PACHONIONCEHUS
€20 pesicyuux snemenmos. Ilokazanvl 603MOINCHOCIU IMO20 MeMOOA OJisi YNPAGILeHUsI KOJUYECMBEOM, PACHOIO-
JICEHUEM U NapamMempamu QopMupyemvlx na308, YRPoujeHuss KUHEMamuKy CManKo8 nepenecenuem ee gopmo-
obpasyiowei  @pynuxyuu na uncmpymenm. OOOCHOBAHO pasMeweHue pPexlcyuux d1eMenmos8 UHCMpYMenma no
CEKYUOHHOMY NPUHYUNY U OAHA XAPAKMEPUCMUKA NPEOTIONCEHHBIX CXeM HECMENCHO20, CMENCHO20 U KOMOUHUPO-
8aHHO20 ceKyuoHuposanus. OnpedeneHsvl YCI08US NPUMEHUMOCIU Memo0d CeKYUOHUPOBAHU: NepeKpblmisl,
pazepysicenus popmooopazyIoOuUux dMeMenmos, MexHoL02UYHOCIU 80CHPOU3BEOEHUsL NPOU3BO0AUIE20 KOHMYPA,
PAYUOHATILHO2O PACHPEOeNeHUst NPUNYCKA MENCOY PENCYUUMU TIeMEHMamu, NOIHOU GbLOOPKU UMU MAMEPUAA.

BBeaenne. B TpaHcMucCHSX MalllvH, CTAaHKOB, MPHOOPAX M M3MEPUTEIBHBIX YCTPOMCTBAX Pa3IHYHOTO
Ha3HAYEHUS IHUPOKO MPUMEHSIOTCS H3ENHS ¢ TOPIOBBIM 3y0uaTeiM KOoHTYpoM (T3K) Timna xymaukoBBIX U Xpa-
MOBBIX MY(T, UHAYKTOPOB, pOTOPOB U T.IT. CYIIECTBYIONIME TEXHOJIOTHH UX 00pabOTKH Yalie OCHOBAaHbI Ha JHC-
KPETHBIX Tporieccax (GopMooOpazoBaHusl, KOTOPHIE XapaKTEPU3YIOTC OTHOCHTENIFHO HU3KOM IMPOU3BOANTEIHHO-
CTBIO 1 HE COOTBETCTBYIOT COBPEMEHHBIM JOCTIKEHUSM B JaHHOU 00jacTd. B 3TOM CBS3HM aKTyalabHOI SBISIETCS
npoOnemMa MHTEHCH(HKAIMK TIpolieccoB (GopMooOpa3oBaHusi 3y04aThIX KOHTYPOB B HAlPaBJICHWH IOBBIIICHHS
MIPON3BOJMTENBHOCTH 1 CO3/IaHUs Ha 3TOH OCHOBE MPOTPECCHBHBIX TEXHOJIOTHH, CTAHKOB 1 HHCTPYMEHTOB.

BaxHBIM 3TanioM MPOEKTHPOBAHHS TEXHOJIOTHH (OPMOOOPA30BaHMUS TMOBEPXHOCTEH pE3aHNEM SBISIETCS
pa3paboTka win BeIOOP 3(H(HEKTUBHBIX OOIIMX ¥ KMHEMATHYCCKUX CXEM 00pabOTKH, 00ECIIeUNBAIONINX WHTCH-
CHU(UKAIIIO TPOIIECCOB 00Pa0OTKU. DTH 3aJaud OTHOCATCS K KOHIIENTYaJbHOMY MPOEKTHPOBAHHUIO 0OpadaThI-
BAIOIIUX CHCTEM CTAaHOYHOTO 000PYIOBaHHMsI, ONPENEIIONIEMY €0 OCHOBHBIE TEXHUKO-YKOHOMHUUECKHE ITOKa3a-
TEIIN, KOTOPBIC U ABJIAIOTCA MPECIAMETOM aHaJIn3a B )IaHHOI‘/II CTaTb€ MPUMECHUTEIIBHO K MEXaHUUYECKOM o6pa60TI<e
T3K pe3roBbIMU FOIOBKAMH TIPU MAPAIUIEIBbHBIX OCAX HHCTPYMEHTA M 3aroTOBKH [1].

dopmooOpazoBaHue 3y0UaThIX KOHTYPOB Ha TOPIAX KOJIBIEBBIX JieTaleil B BUJIe PABHOMEPHO PACIIOJIO-
JKEHHBIX TI0 OKPY>KHOCTH I1a30B M BBICTYIOB BO3MOYKHO MHOXECTBOM METOJIOB, YTO OOYCIIOBIMBAET HEOOXOIH-
MOCTh UX CHHTE3a, aHaIn3a U BbIOOpa pallMOHANbHBIX JJI KOHKPETHBIX YCIOBHi npou3oacTsa [2]. VHTeHCcH-
¢ukanys mpoueccoB 00padOTKH TaKMX MOBEPXHOCTEH SBIAETCS aKTyaJIbHOM MPOOIEMOil B CBI3M C YBEJIHYCHU-
€M pa3zHooOpa3ust 1 00beMa MPON3BOJICTBA YKA3aHHOTO THIIA AeTajled U He0OXOANMOCTBIO CO3/IaHUsI COOTBETCT-
BYIOIIMX CTaHKOB M HMHCTPYMEHTOB. Jlajiee paccMOTpeHBI HEKOTOPBIC ACIEKTHI CHHTE3a YIPaBISEMBIX CXEM
¢dopmoobpazoBanust T3K u GpyHKIIMOHATBEHOTO MPOEKTHPOBAHHS COOTBETCTBYIOIIUX PEXKYIINX HHCTPYMEHTOB.

YrnpagsiieHue pacnosokeHneM U YMcI0M 00padaTbiBaeMbIX NMa30B. [[puMeHUTENEHO K MEXaHUYe-
ckoii o6paborke T3K oxHo#t U3 3amau ynpasieHus: GopMOOOpa3OBaHMEM SIBISIETCS oOecriedyeHne C 3a7aH-
HOM TOYHOCTBIO B3aUMHOTO PACIOJIOKEHMS Ma30B Ha TOPIE JETAIH, KOTOPOE MOXKET ObITh PABHOMEPHBIM
WM HEpaBHOMEPHBIM. B 000MX CiIydasx 3TO AOCTHUTaeTcs COOTBETCTBYIOUIMM DPACIOJIOKEHHEM PEXYIINX
3yOb€eB B pe3I[0BOH T'OJIOBKE.

Tax, ecnn massl T3K moymkHBI pacnonaraTbcsi pABHOMEPHO MO OKPYKHOCTH, TO PEXYIIHe 3yObsl yCTaHaB-
JIMBAIOTCA B PE3LIOBOM T'OJIOBKE C OMHAKOBBIM YITIOBBIM InaroM. IIpy Hanmu4Iuy B rosioBKe Z paBHOMEPHO PACIIO-
JIOKEHHBIX PEXYIIUX 3yOhEB IIEHTPAIBHBIM yroJl MEXIy COOTBETCTBYIOIIMMH TOUKaMH ABYX COCETHHX PEXY-
IIMX KPOMOK OTIPEESISIETCS 3aBUCHMOCTBIO 3 =27/ Z , a yroa i Mex/Iy OCSIMU CHMMETPHUH JIBYX CMEKHBIX [1a30B

T3K (pwuc. 1, a) cocraBnser:

=
zi’

u 1)

rae i — OTHOHMICHHUE YaCTOT BpalaTCJIbHbBIX )lBI/I)KeHI/Iﬁ pe3u0130171 I'OJIOBKH U 3arOTOBKH.
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Pacrnionoxxennro pexymux 3yObeB ¢ HEPABHOMEPHBIM YIJIOBBIM LIarOM COOTBETCTBYET HEPaBHOMEPHOE
pacmonoxxerne mazoB T3K (puc. 1, 6), mpu 5TOM HEHTPAIBHBIA YTOJI MEXIY OCIMUA CHMMETPHH IBYX CMEXKHBIX
[a30B ompenersiercs o Gopmyie:

b=l @

rac '3k — L[eHTpaJ'H;HLIﬁ Yroj MEXAay ABYMs CMEKHBIMHA pE3LaMu.

Takum oOpa3oM, pacrioyiaras COOTBETCTBYIOLUIMM 00pa3oM pexyline 3yObsi B TOJIOBKE, MOKHO olecrie-
YUTh TpedyeMoe pacroioxkeHue 00paboTaHHBIX MA30B.

Yucio nazoB N 1 9KCIio pexyIux 3yObeB Z PE3IOBOH TOJIOBKH, ITPH YCIOBHH IBHXXEHHS PE3IOB IO OJI-
HOW TPaeKTOPHH, CBSI3aHBI MEXIy c000ii 3aBucUMOCThIO [3]:

N = zic, 3)

rae ¢ — ko3 duimenT kparHOCTH (IIETT0€ YMCIT0, OTPEACIIAIONISE ITOCTIEIOBATEIFHOCTE 00padOTKH TTa30B).

a) 0)

Puc. 1. CxeMsl paBHOMEPHOTO ()
1 HepaBHOMepHOTO (0) pacnosnoxenus nmazos T3K

PaccmarpuBaemast 3a1aua cBsizaHa ¢ 00bEAMHEHNEM PEXYIIUX 3yObeB B TPYIIIHI (CEKIIMHU) M ONpeeNIeH -
€M Yuciia pexyIiux 3yobeB B rpymre. Ecnu z > 1 pexynux 3y0beB paciofioxKeHbl B HHCTPYMEHTE paBHOMEPHO
M0 OKPY)KHOCTH M B Tpoliecce 00pabOTKH MepeMenialoTest 0 OHOM TPAaeKTOPHUH, TO Z PEXYIIMX 3yObeB, 00pa-
3YIOIUX CEKIIMIO, B cOOTBETCTBUU C (3) obecneuar ¢opmupoBanue N ma3zoB. 3a cyeT yBEIMYEHUS! KOIUYECTBA
TPYIII PEXKYIUX 3yOhEeB MPHU MOCTOSHCTBE UX TPACKTOPHIA MPOMOPIHOHATBEHO BO3PACTAET YHCIO 00paboTaHHBIX
na3zoB T3K. O1o ocymiecTBisieTcs 3a cH4eT paclooKEHUsI B Pe3LOBOM T'OJIOBKE JOMOIHUTENbHBIX IPYI PEXy-
KX 3y0beB, KOJIMYECTBO KOTOPHIX JIOJDKHO YIOBIETBOPATH Psy OrpaHUYEHUH. B 4acTHOCTH, €y Z pexylmux
3yObeB, KOJMYECTBO KOTOPBIX YIOBIETBOPSIET YCIOBHUIO (3), pacronaraetcsi paBHOMEPHO 10 OKPY)KHOCTH C Iia-
TOBBIM yIJIOM ¥ = 27/Z MEXIy HAMH, TO CIEAYIOIHE Z PEXYIIUX 3yObeB IIPU PABHOMEPHOM PACIIPEICIICHUN
nazoB B T3K pacromnararorcsi Mo OTHOIICHUIO JPYT K IPYTy aHAJIOTHYHBIM 00pa3oM, HO IO OTHOLICHHIO K pe-
KYIIUM 3yObsSIM HPEABIIYIIEH TPYNITEl OHU JOJDKHBI OBITH CMEIICHB! Ha HEKOTOPHIH yron §, . [Ipn nomydenun

IMa30B, PACHOJIOKCHHBIX C PABHOMCPHBIM YITIOBBIM IIAarom, 8k OIIPEACISICTCS 110 3aBUCUMOCTH.

o

o
“zn

(4)
rae N — 9ucio rpymil B pe3oBOi TOJIOBKE.

Jist dopMupoBaHUs 3aJaHHOTO YKCIA IIa30B He 00sA3aTeNIbHO 33/laBaTh MAKCUMAIBHOE YUCIO PEXYIIHUX
3yObeB B pacroyiaraeMbiX Ipynmnax. QakTHYecKH MO YCIOBHIO MOJTYyYEHHS HEOOXOIMMOro YHCia Ma3oB J0CTa-
TOYHO OJIHOTO PEXKYIIEro 3y0a B KKIOH Tpymme.

[pn HaIMK B TOJIOBKE HECKOIBKO TPYIIII PE3I0B, YMCIO 00padOTaHHBIX Ma30B OTpENeNnseTcs mo Gpopmyie:

n

N=2 N, ®)

k=1

rae N, — gncio ma3oB, 06paboTaHHBIX K -if TpyMIoii pexymux 3y0beB; N — YUCIO TPYMI PEXYIIUX 3yObeB B
PE31I0BOI TOJIOBKE.
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ITockonbKy 0COOEHHOCTH CXEMBI TAKOBBI, YTO BCE TPYIITBI (QOPMHUPYIOT OJWHAKOBOE YKCIIO TTa30B B COOT-
BeTCTBHU ¢ (hopmyioii (3), To uncio o6padoranubix ma3oB T3K cocraBur

N =nN,. (6)

HeoOxonmmoe KOIMYeCTBO PEXYIINX 3yObEB, YCTAHABINBAEMBIX B PE3IIOBOH TOIOBKE, C YIETOM BO3MOKHOCTH
Bapualvy UX KOJIMYECTBA B KAXK/OHM IpyIIe ¥ YKCa TPYIII, onpeensercs 1o Gpopmyse

n n
2=z =y N, ™
k=1 k=1 ICy

[Ipu HacTpoiike cTaHKa Ha 0OpabOTKY 3a/IaHHOTO YKCIIA 1Ma30B, MPUMEHEHHE PACCMOTPEHHOTO Crocoba
ympasieHus GopMooOpa3oBaHUEM HE SIBISIETCS 00s3aTeNbHBIM, IOCKOJIBKY OH TOJNBKO PACHIMPSET TEXHOIOTH-
YeCcKHe BO3MOKHOCTH cXeMbl 00paboTku. OJHAKO, B PSIe CIIy4aeB NAHHBIA CIIOCO0 SBISETCS €AWHCTBEHHBIM,
o0ecreurBaroIIMM PELICHUE ONpe/IeNIeHHbIX 3a1a4. K HuM cienyer oTHecTH 00paboTKy 1a30B ¢ OOKOBBIMU CTO-
pPOHAMH, OYCPUYCHHBIMH OKPYXHOCTSIMH (KPYTOBBIX 11a30B), ()OPMHPOBAHHE KOTOPBIX BO3MOXKHO JIMIIb IPH
i =1, a TakKe Ma30B, 6OKOBBIE CTOPOHBI KOTOPBIX MPAKTHUECCKH SBIAIOTCS tutockumu (1 =2 ) [4].

Tpaektopust hopMooOpa3yroleil TOUKH PEXKYILEH KPOMKH BO BTOPOM CIlydae MpeICTaBiIsIeT CO00i BbI-
TSHYTBII 21uHIC (pHC. 2, a), KOTOPBIA Ha yJacTKe, IPUIICTaoleM K MallOH ITOJYOCH HECYIECTBEHHO OTIHYaeT-
cst OT HpsiMoii. braronapst 3ToMy HorpemHocTs GopMooOpa3oBaHUs NPSAMON JIMHUM HE3HAYMTENbHA U IOATOMY
JAaHHBIA CIydall SBIISETCS OCHOBHBIM Ul KMHEMAaTHYeCKOro (JOPMHUPOBAHUS MPSIMOJIMHEHHBIX MAa30B C Mapal-
JIeTBHBIMEA OOKOBBIMHU CTOPOHAMH.

Tak kak =2, To Kaxas pexyias KpoMka popMHpyeT 2 1a3a, MO3TOMY AaHHAs CXeMa IO3BOJISIET I10-
JIy9uTh Ha TOpIle 3aroTOBKK 2N ma3oB (puc. 2, 6). Obmiee KonnyecTBO 00pabOTaHHBIX MA30B 3aBHCHUT OT KOJIU-
YeCTBa PEXKYIIUX 3yObEB B TOJIOBKE, a PACIONIOKEHHE — OT B3aUMHOTO PACIIOIOKEHUS PEKYIINX KPOMOK. YTOI
MEXIY TPACKTOPHAMH PEXKYIIUX KPOMOK COCETHUX PEXKYIIHUX 3yObeB ompezensiercs o Gopmyie:

eeme = _p ' (8)

rac (Xp — YroJ MEexXay AByMs COCCAHUMU pE3LaMU. Haan/IMep, npu i=2 , L= 3u PaBHOMEPHOM PACIIOJIOKE-

HUM DE3I0B B PE3LOBOI TONOBKE, yroJ MEXIY TPAacKTOPHSIMH COCEAHHX PEXYIINX 3yObEB COCTaBISCT.

m

2n
a =—=060 rpan.

Zi

B ciydae ¢opMupoBaHHs Ma3oB mpu =2 4YHCIO PEKyIHX 3yObEB BO BCEX IPYIIAX OJUHAKOBO:
2,=2,=..=2,,=2,=1. IlosToMy 4uCJIO Irpynn N pPaBHO YUCIY PEXYIIUX 3yObeB, YCTAHOBIEHHBIX B PE3L0-
BOil rosoBke. B manHOM ciygae n=3. Yucno masos, GpopmupyeMbIx Kaxknoit rpymmoi: N, =zic=1-2.1=2

(eamucTBeHHBIN BapuaHT). OOIee yrcno odpadoranHbix ma3oB: N =nN, =3-2=6.

)
A

(NN
I,

T HTTTTRTRHTRITANARANNN NN
UL
) A\

a) 0)

Puc. 2. ®opma TpaeKTOpuH OHOH (a) 1 OTHOCHTEIBHOTO PACHOJIOKEHHS TPAEKTOPHI HECKOJIBKIX PEXYIINX KPOMOK ()
npu 00paboTKe NPSMOINHEHHBIX 1Ta30B
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Ipu popmMupoBaHHK KPYrOBBIX ITa30B (pHUC. 3) ABYMsI COINACOBAHHBIME BPAILATEIbHBIMHU IBIKCHHSIMU C
PaBHBIMU YTJIOBBIMH CKOPOCTSMH TPAaEKTOPHs ABMKEHHA (HOPMOOOpA3OBaHUS TPENCTaBISIET COOOH OKpYX-
HOCTh. Tax Kak B JTaHHOM citydae i =1, To popMHEpyeMoe YHCIIO Ta30B PaBHO YUCITY PEXYIINX 3yObEB B TOJIOBKE
U TIO3TOMY Ka)Kasi TPyIIa COAEPKHUT 10 OTHOMY PE3ILy.

a) 0)

Puc. 3. ®opma TpaekTopun 0aHOIM (a)
U OTHOCHTEIILHOTO PACTIONIOKEHHUS TPACKTOPHHA HECKOIBKUX PEXYyIIUX KpoMoK (0)
pu 00paboTKe KPYTrOBBIX MAa30B

YnpasieHue IUPHHOI (popMHUpyeMbIX Ma30B. B pacCMOTpEeHHBIX BHIIIE cxeMax 00paboTKu mpodib
nasa o0Opa3yeTrcss METOJIOM KOMMPOBAHUS, [TO3TOMY €ro IHPHHA paBHA JUIMHE MPOEKINHU PEXYIeH KPOMKH Ha
TUIOCKOCTh, MEPIECHANKYISIPHYIO OCH Ta3a (TpaeKTOPHUHU HCIIONHUTEILHOTO JBIKEHNUS). DTO OTPaHUYMBAET TeX-
HOJIOTHYECKHE BO3MOKHOCTH JAHHBIX CXEM I10 MIMPHHE Ma30B, TaK KaK C YBEIMYEHHUEM ITOCIETHEH COOTBETCT-
BEHHO BO3DPAacTaeT CUJIa Pe3aHus, YTO CHIDKAeT BUOPOYCTOHYNBOCTL 0OpadaThIiBaoLIell CHCTEMBI.

J1st MCKITIOYeHNs BIMSAHUS IIMPUHBI 00pabaThIBaeMbIX 11a30B HA BUOPOYCTOWYNBOCTD CTAHKA M MTOBBIIIE-
HUSI YHUBEPCAJIbHOCTH PEXYILETO MHCTPYMEHTA I1e1ecoo0pa3sHo (opMHUpOBaTh a3 MO IIMPHUHE HE €TMHOBpE-
MEHHO, a MOCJIE/I0BATEIbHO, T.€. HE METOJIOM KOITUPOBAHHUSI, 2 METOJIOM CJieJ[a MJIM KOMOMHUPOBAHHBIM METO/IOM
KOIMPOBAaHMSA U ciieia. B 3ToM ciaydae TpeOyeMyro MIMpUHY 1a30B 00ecneynBaloT HE 3a CUET ITapaMeTpoB pe-
KyIIel 4acTM MHCTPYMEHTa, a KMHEMaTH4YeCcKH, coOoOIasi 3arOTOBKE JOMOJHHUTEIbHOE BpallleHHEe B TEUEHUE
npoUIHPOBAHUS Ma3a 1o mupHHe [5].

Peanuzannst KWHEMATHYECKOTO METOa ynpasiieHHus (opMOOOpa30BaHUEM I1a30B 110 IIMPHHE BO3MOXHA
TOJIBKO Ha CHELHAIBHBIX CTaHKaX, 00ECIeUMBAIOIINX IIOCIEA0BATENbHOE BBIIIOJHEHHE JTAIIOB BPE3aHUs U MPO-
¢umpoBanus. PaccMorpum 0osiee MPOCTOi B peaM3alii reOMETPUYECKUi METOJI YIpaBJIeHHUsT IMPHHON 00-
pabaTbIBaeMBbIX 11a30B.

[Inpokne BOSMOXKHOCTH JJIsl peau3allii TeOMETPHUECKUX CIIOCO00B ynpasieHus GpopMooOpa3oBaHUEM
Ma30B 10 OIMPHHE MMEET CII0c00, OCHOBAaHHBIM Ha 0OpabOTKe ONpeneleHHONH COBOKYMHOCTH I1a30B IPYIION
PeXyIUX 3yObeB. DTO MO3BOJISIET KAYECTBEHHO M3MEHUTH IPOTEKaHne MporneccoB (opMooOpa3oBaHus U pe3a-
HHA 110 CPaBHEHHIO CO CXEMOM, KOra ma3 1o mupruHe GopMHUpYyeTcsi METOAOM KOIMHMPOBAHHA OXHUM PEXYLIHM
3yooM. JIaHHBIM MeTo]] HACTPOWKH PE3I0BOM TOJIOBKM Ha MOJIyYeHHE Ia30B MO3BOJISIET, HAIIPUMED, PACIIUPUTD
TEXHOJIOTUYECKHE BO3MOXKHOCTH 3yOonutniepe3epHoro o00py1oBaHus 1 00eceunTh Ha HeM yIpaBJieHHe IIU-
pHHOM (OPMHUpPYEMBIX MA30B IMPU OTCYTCTBHM KMHEMAaTHYECKHX LENEll WIN COOTBETCTBYIOLINX OPraHOB yIIPaB-
JICHUS] UM, HEOOXOJUMBIX ISl OCYILIECTBIICHHSI KHHEMaTHYECKOTO METO/Ia YIIPaBJICHHUS IUPUHOH 11a30B.

Pacmupenne TeXHOIOTMYECKHNX BO3MOXHOCTEH CTaHKA OCYILIECTBISECTCSA B JAHHOM CIIydae ITyTeM Iepe-
HEeceHHs (PYHKIMM €r0 KMHEMAaTHKH Ha MHCTPYMEHT, 9TO CBSI3aHO C YCIIOKHEHHEM KOHCTPYKIMH PE3I0BOH ro-
noBku. [ToaToMy mpuMeHEeHHe NaHHOTO METoJia JIOJDKHO OBITh 0OOOCHOBAHO C TEXHHKO-3KOHOMHYECKOW TOYKH
3peHusi. Pe3noBble rooBKy, peann3yronie JaHHBIH METO, KaK MPaBUIIo, AOMYCKAIOT OOJIbIIee KOJINIECTBO IIe-
peToyeK /10 3aMEeHbI PEXYIIUX 3yObeB, BCIEACTBUE YBEIHMUSHUS! CYMMAapHOW IIMPHHBI PEXYIIUX KPOMOK, y4acT-
BYIOIIMX B (POPMHUPOBAaHMH I1a3a MO IMHMPHHE, a TAKKE MOBBICUTH CTaOMIBHOCTD IpOIlecca pe3aHusi. JTO yBellu-
YHBAET MEPHOJ NX CTOMKOCTH M TOYHOCTH (POPMOOOPa30BaHus, a TAKKE YIPOIIACT 3aTOUKY M HACTPOHKY pe3Io-
BOM I'OJIOBKM 3a CUET BBLINTOJHCHUS MPOMEKYTOYHBIX 3aTOUCK DJICMCHTOB, KOTOPLIC HE BLITIOJIHAIOT (bopMoo6pa-
3yrontyto (GyHKIuUI0. Pexymue 3y0bst pe3loBEIX TOJIOBOK, 00ECTICUNBAIONINX YIIPaBIeHHE MUPUHON Gopmupye-
MBIX a30B, Pa3MEIIAOTCS 110 CEKLIMOHHOMY MPHHIUITY.
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OTMeTHM BO3MOXKHBIE METOJBI CEKIIMOHMPOBAHUS PEKYIINX 3yObeB B PE3LI0BOI TOJIOBKE, CXOIHBIE IO
cBOeH cyTH (TpYNIHUPOBAaHUE PE3IOB I 00pabOTKHA HEKOTOPOI COBOKYITHOCTH BIIAAWH), HO OTIIMYAIOIINAXCS TI0
METO/ly HCIIOJTHEHHS ¥ pealn3yeMbIM CBOMCTBaM:

1. Memoo necmedicnozo cekyuonupoganus. B COOTBETCTBUH C JaHHBIM METOAOM PEXYIIHE 3yObsl TPYIIIBI
pAacronokKeHbl B MHCTPYMEHTE (pUC. 4, a) ¢ OMpeeTICHHBIM IIEHTPATbHBIM YIJIOM, MO3BOJISIOIIAM PEKYIHM
3yOBsIM Ka)KI0# CeKLMH y4yacTBOBaTh B 00paboTke rpynibl BraauH. [Ipu aToM Kaxnas BraguHa oOpabaTbIBaeT-
Csl BCEMH Pe3I[aM1 CEKIIUH.

2. Memoo cmexncnoeo cexyuonuposanusi. COraacHO JaHHOMY METOAY HACTPOUKH PE3IOBOM T'OJIOBKHU pe-
JKYIIHE 3yObs TPYIIIBI PACIIONIArarfoTCs OJIMH 3a IPYTHM B TIpesesax ceKiuu (puc. 4, 6).

3. Memoo kombuHuposanno2o cekyuonuposanus. B COOTBETCTBHN C 3TUM METOAOM PE3IIbl PE3IIOBOM T0-
JIOBKH UMEIOT PACIIOJTIOKEHHE, TPUCYIIIEee IEPBBIM JABYM MeTo[aM (pHcC. 4, B).

120°

a) 0)

B)

Puc. 4. KOHCprKTPIBHLIe CXEMBbI PE3LOBLIX I'OJIOBOK IJId 06p3,60TKI/I T3K, OCHOBAHHBIX Ha NMPUHIHUIIE CEKIUOHUPOBAHUA:
a — HECMEIKHOI'O0 CEKIITHOHUPOBAHUA 0 — CMEKHOTO CCKIMOHUPOBAHUS; B — KOM6HHHpOBaHHOFO CECKIIMOHUPOBAHUA

PaccMoTpruM OCHOBHBIE YCIOBUS IPUMEHEHUS METO0B CEKIIMOHUPOBAHUS:

1. Venosue nepexpovimusi. B cOOTBETCTBUM C JaHHBIM YCJIOBHEM KaXkKIasl MOCIIEAYIONIast pexyiias KpoMKa
CEeKIIMU JIOJDKHA BXOAWTH B O0JIACTh 3arOTOBKM HE IO3HEE, YeM MpeIbIaylias BeIAET U3 Hee. BrimonHeHue
JIAHHOTO YCJIOBHsI oOecrieunBaeT 0oJjiee paBHOMEPHYIO padOTy PEXYILIMX 3JEMEHTOB PE3LIOBOM TOJIOBKH B IIpe-
Jienax CeKIMH. JTO XapaKTepHO MPHU HCIIOJIB30BaHUH METOAa CMEKHOTO CEKIIMOHUPOBAHUSI.
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2. Yenosue pasepysicenus popmoobpazyrouux snemeHmos pexcyuwux kpomok. CorilacHo JaHHOMY YCIIO-
BUIO (hopMOOOpasyroIie pexylue KpOMKH JODKHBI 10 BO3MOXKHOCTH HOCIECIHUMH BCTyNaTh B 00pabOTKy
(Ipy MCTIOJB30BaHUH METOZ[A CMEXKHOTO CEKIIMOHUPOBAHUS M HEKOTOPBIX CIIy4asX HECMEKHOTO CEKIIHOHMPOBa-
HUS), T.€. OHH JOJDKHBI BeCTH 00paboTKy 1o 00acTsM ¢ BRIOpaHHBIM MaTE€PHUANIOM. JTO MO3BOJISET YBEIUIUTH
MPOTSHKEHHOCTh (POPMOOOPa3YIOIIUX PEXYIINX KPOMOK OJarojiapsi CHWKEHHUIO CHIIBI PE3aHMsI WIIM YMEHBIIUTh
yIpyrue aehopManiy HHCTPYMEHTa, 00yCIOBIEHHbIE €ro MOJATIMBOCTbIO; HE OCIA0ATh MONEPEIHOE CeUeHHE
JIepKaBOK (POpPMOOOPAZYIOIMIUX PEXYIIUX 3yObeB, OMaromapss yMEHbIIECHIIO 00beMa, HEOOXOIUMOTO TS pazMe-
IICHUS CTPYXXKH U T.JI.

[Ipu omHOBpEMEHHOM BBHITOTHEHUH YCIOBHHA | M 2 B psfe CiIydaeB ymaeTcsi 00eCIeunTh OMaronpHsTHEIE
ycinoBust paboTsl (hOpMOOOPA3YIOMMX HEMEHTOB PE3IOB, YTO 110 CPABHEHHIO C TPAJAWIIMOHHBIM CIOCOOOM pactio-
JIOKEHHUSI TTO3BOJISIET MOBBICHTh UX CTOMKOCTh M TOYHOCTH 00paboTKu. braronapst aTomy Bo3MoXHO (hOpMHpOBaHUE
HE TOJIBKO Y3KHX, HO M JOCTAaTOYHO INUPOKHX BIIAJJHMH COYETAaHHEM METOJIOB KonupoBanus u cinena (Kn + Cn).

3. Yenosue mexnonozuunocmu 6ocnpousgedenusn npou3eooaujeco Konypa. B 60nbIIMHCTBE cllydaeB Tex-
HUYECKH CIIOKHO OOECIIEUUTh BOCIIPOMU3BEIEHNUE CI0XKHOTO IPpOoQMiIs BIaJUHBI OAHOH (opmoodpasyrome pe-
Kyled KpoMkoit o merony Kn+ Crn. MeTo ceKIMOHMPOBAHHUS MO3BOJISIET (PYHKIIUIO OJJHOTO MPOM3BO/SIIECTO
KOHTYpa PaclpeaeNnuTh MEeXIY HECKOJIBKUMH PEXKYIIUMHA KPOMKaMH, U3TOTOBJICHHE KOTOPBIX Oonee TeXHOIo-
ru4Ho. HeoGxoaumo, 0HaKo, yUUTHIBATh TO, YTO C YBEIMYEHHEM YUCIIA PEXYIIHUX 3yObeB, HECYIINX (OpMOOO-
pazyromue pexymne KpOMKH, BO3SMOXKHO YCIIOXXHEHHE HACTPOMKH PE3IIOBOI TOJIOBKH.

4. Venosue payuonanbuoz2o pacnpedenenus npunycka. B cOOTBETCTBUY ¢ 3TUM YCIIOBUEM BO3MOXKHA pea-
nu3arms 3QGEKTHBHBIX CXeM pe3aHus (TeHepaTOPHOM, MPOPUITLHOM U.T.11.).

5. Venosue obecneuenus nonnou evibopku mamepuana. 1lupuHa pexynux KPOMOK JTOJDKHA OBITH TOCTa-
TOYHOH VIS OCYIIECTBIICHUS BEIOOpa MaTepralla 3 BHYyTPUIIa30BOH 001acTH.

Memoo necmercnozo cekyuonuposanusn. Ecnu npoQuiaInpoBaHue OCYIIECTBIISIETCS TPYIIION PEXYIINX
3yObeB, U1 KOTOPBIX BBIMONHSETCSA yclnoBue (3), 1 OHM PaBHOMEPHO PACIIONOKEHBI B PE3LOBOW TOJIOBKE, TO
TaKHe PeXYyLIHe 3yObsl COCTABIIOT Tpymny. OcoOEHHOCTD, IIPUCYIas IPYIIe PEe3LOB 3aKII0YaETCs B TOM, YTO
TOYKH MX PEXKYIIMX KPOMOK, PACIIOJIOKEHHBIC HA OJJHOM PaJnyce, MEePEMEIIAIOTCS 10 KOHIPYIHTHBIM TPaeKTO-
pusim. [Ipu popMupoBaHNH 1Ta30B, KOT/A MIMPHHA OTIEIBHON PEXYyLIeH KPOMKH HEZOCTaTouHa It (POPMHUpPO-
BaHUS BIAJAWHBI, BO3MOXKHO PAcIpeelieHne yaaIsieMOro MPHITYyCKa MEXKIY PEXKYLIMMH 3yObSMHU 3TOW IPYIIIIHL.
Takum 00pazom, uis oGecriedeHus HeoOXOMMOM TMPUHBI IPOM3BOJISIIETO KOHTYpa b, Z pe3uamu rpymbl npu-

emJieMasi IUPUHA PEXKYIIMX KPOMOK MOYET ObITh JOCTUTHYTA 33 CYET PABHOMEPHOTO PACIIPE/ICIICHUS peatn3ye-
MO MIMPUHBI TPOU3BOAAIIEIO KOHTYPA MEXIY Z PEKYIIHMMH KPOMKAaMH TPYMITEI PEXYIINX 3yObeB TaK, 4TO

b
b, = 2. )
z

Ecmn R, — paanyc, Ha KOTOPOM pacrosioxeHa touka K -if pexyuieit KpoMkH, Haubosee mpuOImKeH-

HO K LICHTPY BpaIlleHUs MHCTPYMeHTa, a R ., — paanyc Haubonee ynaneHHOH Toukn K -if pexyIeil KpOMKH,

max

TO PaCIOJI0KECHHUE TOUYECK, OTPAaHUUYMBAOIIUX PEXKYIIME KPOMKH, OIIPECACIISICTCS YCIOBUCM:

R R

mink-1 — maxk’

R..; — R b 10)

max z minl — “mp*

CxeMaTuIHo PaCHOJIOKEHNUE SJICMCHTOB PCKYIIUX KPOMOK IMOKa3aHO Ha PUCYHKE 5.

bTP
| b, | b,
Rmax z R min z iRmaxl Rmin1
@
bz Rmaxz RminZ

Puc. 5. Cxema pacrnoiockeHus: pexyIlnuX JIEMEHTOB B PE31I0BOH roJIOBKE

HInpuna kaxa0i U3 pEKYIUX KPOMOK JT0DKHA TOAOMPAThCs ¢ y4eTOM 0COOCHHOCTEH mpoliecca pe3aHus
1 00OCHOBBIBAETCS, OCKOJBKY MPOTSIKEHHOCTh (PaKTHIECKOH peXxyIieil KpOMKH OrpaHHYeHa KECTKOCTBIO CHC-
tembl CITH/I, ycnoBusiMu popMUpPOBaHUSI U OTBOJA CTPYXKKH U T.JI.
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Takum 00pa3oM, ¢ y4€TOM OrpaHHYEHUs IMHPHHBI PEXYIIEH KPOMKH MPOIeCCOM pe3aHust b, S[bpw]

cucrema (10) mpumeT BHI:

Rmink—i = Rmaxk;
Rooz = Rons = bmp; (11)
Rmaxk - Rﬂink < [bpex:"

HemocrarkoMm coderaHusi pacIioNOXKEHUsI M MPOTSHKEHHOCTH PEXYIIUX KPOMOK B cootBerctBuu ¢ (10)
wm (11) siBnsiercst To, 4To Ha 00pabOTaHHOM MTOBEPXHOCTH MOTYT 00pa30BBIBATHCS 3ayCEHIIBI, OOYCIOBICHHbIE
HECIUTOIIHOCTBIO TPOM3BO/SIIETO KOHTYpa, 00pa30BaHHOTO MHOXECTBOM DPEXYIINX KpoMOK. st ycTpaHeHHs
3TOr0 HEOOXOJWMO pacdeTHOE 3HAYEHHE MPOTSHKEHHOCTH PEXYIIMX KPOMOK MO BO3MOXKHOCTH YBEIHYHUTH U
PacloNOXUTh MX C TMEPEeKphITHEM. B 3TOM citydae yciaoBHe, IO KOTOPOMY IOJDKHBI PacoiaraTbesi pexymine
KPOMKH, U MX IPOTSHKEHHOCTH JIOJDKHBI YIOBJIETBOPSITH CIIEIYIOIINM COOTHOILICHHSIM .

Rmink—l = Rmaxk;

Rmaxz - Rmin:l = bmp;

Rmaxk - Rmink < |:bpgy:|; (12)
Rman - I:emink 2bmp'

k=1

OCo0EHHOCThIO HECMEKHOTO CEKIIMOHUPOBAHUS SIBJISIETCS TO, YTO J[aKe TIPH HE3HAYMTEbHOM YBeJIHYe-
HUM YHMCJIa PEKYIINX KPOMOK MX CyMMAapHas IIMPUHA MOXET MPEBOCXO/MTH 3HAYEHHE b, , YTO BAKHO st

OCYIIECTBIICHHS KOMITCHCAITUHM HCIIOJHUTEIBHBIX TApaMETPOB PE3IOBOM TOJOBKH IOCIIC TIEPE3aTOUKH, a TAKKe
YBENWYEHHs MEePUOJa CTOMKOCTH TOJIOBKH. B paccMOTpeHHOM ciydae pesisl IpYIIbl paBHOMEPHO pacriojiara-
I0TCS B PE31[0BOI TOJIOBKE.

Memoo cmercnozo cekyuonupoeanua. JJaHHbIA METOJT CEKIIMOHUPOBAHUS 3aKIIIOYAETCS B TOM, YTO PE3-
Bl B TPYIIIE PacHoaraloTcsl NOCIeA0BaTENLHO OJIMH 33 APYrUM. Takoe MX pacriojoKEeHHe MO3BOJISIET CUHTE3HU-
pOBaTh PAIMOHAIBHBIC CXEMBI CPE3aHHs MPHUIYCKA, YBEIUYHMBATh MPOTSHKCHHOCTh MPOU3BOISAIICIO KOHTYpA,
obecrieyrBaTh MEHBIIYIO HArpy3Ky (POPMOOOpa3yIOIINX AIEMEHTOB PE3LOB, 4 TAKIKE CHU3UTh HETATUBHOE BIIHSI-
HHUE Ha HUX yﬂaprIx Harpy301<.

Jnst monmydeHust ma3oB ¢ MCMOJIb30BAaHUEM JJAHHOTO METOJIa CEKIMOHMPOBAaHMSI HEOOXOANMO, YTOOBI pe3-
Ibl, PACIIOJIOKEHHBIE BHYTPH OJIHOW TIPYIIBI, MPH 00pa0OTKe 3aroTOBKM Pacrloyiaraliuch Tak, 4TOOBI Ipoliece
JieNieHus1 ObUT HeBOo3MOdkeH. [[iist cirydast, Koria pexylire KpOMKH PacrolaraloTcsl paaualibHO U OTPaHUYMBalO-
IIMe WX TOYKH JIOKAT HA OKPYKHOCTSIX OJHOTO PajJiyca, YroJl MeXIy CMEKHBIMH Pe3l[aMHi B Ipejesiax CeKIUU

JOJDKCH IMOAYHUHATHCA YCIOBHIO < , B TO BpEMsA KaK AJIs1 pE31 0B, IMPpUHAIICKAIIUX OB COIIPS2KCHHBIM
6.C.

cexkusiM — 3. > [3 . [IpenenpHOe rpaHUYHOE 3HAYEHUE YINIa [3 MOXHO HalTH, pa3pelluB CUCTEMY ypaBHE-

M.C.

o T
HUH, IPUYEM 3a HICKOMOC 3HAYCHHUC I1apaMeTrpa o H€06X0,HI/IMO IPUHATH 3HAYCHUE O € |:0,—:| .
|

L cos o —cos a,, +Rcos a.,, i-1
R

B =a i-1 —arcos

L cos o —cos o, +Rcosa, i-1
RZ

0=L sin o —sin a,, +R,|sin|arcos -sin o, i-1 [(13)

1 > +R?-r2,
Oy = - ArCCOS| ——————ma |,
i 2LR

rie L — mapamerp B3aMMHOTO PacIoIOXKEHUS LIEHTPOB BpallleHUs 3aTOTOBKH M UHCTPYMEHTa; R, — paauyc, Ha
KOTOPOM pacrioyiaraeTcsi Haubosiee yJajeHHas OT IIeHTpa BpallleHUs] MHCTPYMEHTa TOYKa PEXYIeH KPOMKH;
R, — paguyc, Ha KOTOpOM pacmojaractcs Hanbojee MpUOIKEHHAs K LEHTPY BPaIeHUs] HHCTPYMEHTA TOYKa

PEXyIIeH KpOMKY; I, — HauOoNbImil (BHEIIHII) paauyC 3ar0TOBKY; | — OTHOIICHHUE YaCTOT BPAILCHUI HHCT-
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PYMEHTA M 3arOTOBKH; ¢, — MApameTp, IIPU KOTOPOM MPOMCXOIUT [IEPECEUCHNE TPACKTOPHH TOUKH K-il pexyreit

KpOMKH paguyca R, ¢ Tpaextopueit Touku K +1-pexymeii KpOMKH, pacIonoXeHHOH Ha paguyce R, ; o, — Ia-

paMeTp, IprU KOTOPOM TOYKa k-it pemymef/i KPOMKHU MEPECCUCT OKPYKHOCTDb, OTPAaHUYUBAIOIIYIO 3arOTOBKY.
Onpe,uem/IB 3HA4YCHUC MPEACIIBHOIO yria ﬁ , IIpU KOTOPOM MPCKpaIacTCd IMpouecc ACICHUSA, U 3aJ1aB-

HIUCh YIIIOM MEKIY IBYMs COCEIHMMH Pe3ljaMH B Ipejenax CEeKUUH [3,, , MOKHO OLEHUTh BO3MOXKHOCTb pea-

JM3alUH BapruaHTa CEKIIMOHUPOBAHMS A JTFOO0T0 KOHKPETHOTO ciydast. st 3Toro HeoOX0auMO OMpeneNiTh
paccTosiHne MeXIy Haubojee ynaJeHHbIMU M HauOojee MPHOIMKEHHBIMU K LEHTPY BPAIIEHHUS] TOUKaMHU JIBYX

COCEIIHUX PE3LOB MO (POopMYyIE:
rnl,Z = R1,2 \lz(l_ COS(B(;C)) 1 (14)

a TaKkKe OLIEHUTh PACCTOSIHUE MEXY COOTBETCTBYIOIIMMHU TOYKAaMU IO JTyTaM COOTBETCTBYIOIIUX OKPYXHOCTEH
PE3110BOI TOJIOBKH:

My1a2 = RB- (15)

B 3aBucumocTu ot MOJYYCHHBIX IPH paCUYCTC MAPAMETPOB BO3MOKHO MHOKCECTBO HUCIIOJTHCHUS PE31HOBBLIX
ronoBok. Ecin PACCTOAHUC MCIKIY PCIKYIIUMU 3y6I>SIMI/I BHYTPU CCKIIUU MO3BOJIACT PA3MCCTUTh UX B OTACJIILHO-
CTH, TO I'OJIOBKA UMECCT TPAJUIIMOHHYIKO KOHCTPYKIHUIO, 4 IPU OrpaHUYCHHOM PACCTOAHUN MCKIY PCKYIIUMU
3y6I)$IMI/I CCKIIUA MOXET OBLITh BEITIOJIHEHA B BUIC 3y6an01‘/'I BCTaBKH.

BpiBoABI

1. Yupasnenue popmMooOpa30oBaHHEM I1a30B TOPIIOBBIX 3yOUYaTBIX KOHTYPOB IO cxeMe 00paboTku ¢ ma-
paUICTHFHBIMU OCSMH 3arOTOBKH W MHCTPYMEHTA JIOCTUTACTCS TEOMETPHUSCKAM METOJIOM OJiaroiapst 3alaHHOMY
PAaCIOJIOKEHUIO €TO PEXYIINX IEMEHTOB.

2. T'eomerpuyeckuii MeTo/1 oOecrieuuBaeT BOZMOXKHOCTh YIIPABJICHHsI KOJMYECTBOM, PACIIONOXKEHHEM U
napaMeTpamMu (OpPMHUPYEMBIX Ia30B, a TakXKe IT03BOJISIET YNPOCTUTh KMHEMATHKy CTaHKOB IEPEHECEHUEM ee
hopMooOpasyromeil (HyHKIIMKA Ha HHCTPYMEHT.

3. Jlist “HCTpYMEHTOB, o0ecreYrBaoONINX yrpasieHne (GopMooOpa3oBaHUEM Ia30B TOPILIOBBIX 3yOUa-
TBIX KOHTYPOB, [1€JICCO00Pa3HO MPUMEHATH CEKITMOHHBIN MPUHITUI pa3MEIIeHUS PEKYIUX IEMEHTOB, peallv-
3yEeMBI METOJIaMH HECMEXHOI'0, CMEKHOTO M KOMOWHHUPOBAHHOTO CEKIIMOHUPOBAHMS IPH BBITIOJHCHUH YC-
JIOBUH TEPEKPBITHS, Pa3TPYKEHHUS (OPMOOOPA3YIONIUX 3JIEMEHTOB, TEXHOJOTMYHOCTA BOCHPOU3BEACHUS
MIPOM3BO/SIIIETO KOHTYpa, PAllMOHAIBLHOTO pachpeesieHus MPHUITYCKa MEXAY PEeXYIIMUMHU dJIEMEHTaMH, TM0JI-
HOW BBIOOPKHM UMH Marepuana.
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