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TEHAEHIINHU NUCTTIOJIb30BAHUSA CMA3BIBAIOIE-OXJTAXK/IAO X
KANKOCTEM (COXK) HA MAIIMHOCTPOUTEJBHBIX IPEJIIP UATHUIX

AcranenkoB P.I'., Tonyoos H.B. (/[onHTY, /[oneyx, Yxpauna)

OO0paboTKa METAUIOB PEe3aHUEM OCTAIOTCSI OCHOBHBIM CIIOCOOOM HM3TOTOBJICHHUS JETa-
neit MamwmH. [Tpu BbImosHEHUH 00pabOTKM Ha METAIOPEXKYIIEM 000pYyJOBaHUH HCIOJb3Y-
IOTCSl  cMasbIBaroIe-oxyaxaaomue xuakoctu (COX), BeimosHstomme psjg QyHKIMA -
YMEHBIICHHE TEMIIEPaTyphbl B 30HE pe3aHus, yaaieHue cTpykku u ap. C yBenudenuem oobe-
Ma MaTepuana yJalsieMoro pe3aHueM yBeInduBaeTcss 1 00beM ucnosibzyemoit COX.

3arpatsl Ha mpou3BoacTBO M 00cyxuBanue COX B pa3snuyHBIX CIIydasix COCTABIISIOT
oT 5 % no 15 % npousBoaAcTBEHHBIX 3aTpaT B MamnHocTpoeHuu OPI" npu 3arpatax Ha UHCT-
pymenT nopsaka 4 % [1]. B 1997 r. B 'epmanuu Obu10 ncnons3osano okosno 800 000 T COXK.
CroumocTts onHo# ToHHEI COXX B 3aBHCHMOCTH OT €€ cocTaBa Koneonercs B npeaenax 150—
1000 eBpo. IIpu cpenneit mudpe B 500 eBpo 3aTparsl cocrapusitor 400 MIIH. €BpoO, MpUYEeM
CTOUMOCTh 0OcCykuBaHus U nepepadbotku 01x010B COX mpeBblaeT 3Ty CyMMy U COCTaB-
nsteT B rox B 'epmanuu okoso 600 MiH. eBpo.

[pyroii He MeHee Ba)KHOW B COBPEMEHHBIX YCIIOBUAX IPUYUHON OTKa3a SBIIIIOTCSA BCE
BO3pacTarole TpeOoBaHMs K SKOJOTHYECKOW H MEIUIIMHCKON 0€30MacHOCTH AKCILTyaTalluu
BCEX BHUJIOB MPOMU3BOJICTBEHHOTO obopynoBanus. B ctpanax EC u B CIIA mpuHsATH MHOTO-
YUCJICHHBIE 3aKkoHbI (mopsimka 250) [1], HampaBiIeHHBIE Ha 3aIIUTy 3J0POBbS YEJOBEKA,
BKJIFOYAsi 3alIMTy OT BpeaHoro Bo3xaeiicTBus COJXK, Ha 3amury Bo3dyXa, Ha YMEHBIICHUE
nryma, BUOpauuii u ap.

OT0 cBA3aHO ¢ TeM, uTo B ucnoiabdyembix COX copeprkarcs mpumecH Xjopa, cepbl,
docdopa, HUTpUABI Kanws, PeHO, OMOIUIBI, ITOKCHIIBI, METAJUIOKCHIBI U APyTHE BPEIHBIC
BEIIIECTBA, BHI3BIBAIOIIUE TsKENbIC 3a001€BaHU KOXKH M JBIXaTeNbHBIX IyTEH, BKIIOYas act-
My U pak jerkux. KabuHeTHast 3amiura cCTaHKa ¢ BCTPOEHHOW CUCTEMOM OTCOCA BPEIHBIX BbI-
JielieHui yMeHbl1aer BpegHoe Bo3aeiicteue COX, HO He UCKITI0YAET €ro MOJIHOCTHIO.

TakuM 00pa3oM, aKTyallbHBIM CTaHOBHUTCS pa3paboTKa HOBBIX CIIOCOOOB 00pabOTKH
MeTasuioB pezanueM 0e3 ucnosibzoBanuss COXK, wim ¢ UCrob30BaHUEM MUHUMAJIBLHOTO 00b-
éma COX.

[Tpu 06paboTke Ha TOKAPHBIX CTAaHKaX BeChMa MEPCIEKTUBHBIM SIBIIETCS TBEPIOE TO-
YeHHe — CI0Cco0 OKOHYATEIbHOM 00pabOTKN MaTEpHaIOB BHICOKOM TBEPAOCTH, KOTOPBIM MO-
KT SBISIThCS ABTEPHATUBOM UM (HOBAHUIO.

TBepnoii Ha3wpIBaloT [2] 00paboTky neraneit ¢ TBepaocThio Boiie 47 HRC. OcHOBHBIM
TEXHOJIOTUYIECKAM PEIICHHEM JUIs JaHHOW oOpaboTKH Bceraa Obuto NUM(OBAHUE, TIOATOMY
OCHOBHOW 3a/1a4yeil TBepaoii 00paboTKH cTana 3aMeHa NUMGpOBAHUS JIE3BUWHONW 00pabOTKOM.
HawubGoupiee pacpocTpaHeHHe MOJydMIo TBEpOe TOYEHHE, 32 HUM CIIeAyeT TBepaoe ¢pe-
3epOBaHUE, TBEPI0E CBEPJICHHUE U IPOTITUBAHUE.

QOyHKIMOHAIFHO MPUHIIUIT TBEPJOTO TOYCHHUS 3aKITI0OYAETCS B HArPEBE MaTepualia 3a-
TOTOBKHM B 30HE KOHTAKTa C pexyuied KpoMkoid. CrieruanbHO oA00paHHasi TeOMETPHUS UHCT-
PYMEHTa B pEXXUMBI 00pab0OTKM HarpeBaloT MaTepHall, YTO MPUBOIUT K €T0 OTIYCKY /IO TBEp-
noctu okoisio 25 HRC. Tlocne oTnenenus cTpy>KKU NPOUCXOAUT OBICTPOE OXJIAXKAECHHUE MaTe-
puana. B pe3ynbrare TBEpIOCTh JI€Tal YMEHBIIAeTCs He 0ojiee 4YeM Ha 2 €TUHUIIBI, a MOJTy-
YEHHasl CTPYXKa UMEET TBEPJIOCTh 0K0JIO 45 ennnull. Jlerans B cBoell OCHOBHOM Macce Mpak-
THUYECKU HE HarpeBaeTcsl.

[enbio 3amenbl nuMdoBaHusa TBEPAOH 00pabOTKOM sABIISETCS YIydylleHHE SKOHOMUY-
HocTu. CheM MaTepualia pH TBEPJOM TOUCHHH B TPH Pa3a MEHbIIE, YeM MpH NIIH(HOBAHHH.
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CTOMMOCTh TOKAapHOTO CTaHKa TaKXe MPUMEPHO B TPHU pa3a HIDKE, YeM HUIM(OBAIBLHOTO.
TouHocTh 00pabOTKM MIEHTHYHA MIPHU TBEPAOM TOUYEHHMU M HUIM(POBAHUM (MHAYE 3aMEHA HE
uMeeT cMmbicia). Bpemst 00paboTku mpu TBEPAOM TOUYECHUH 3HAYUTENBLHO (MHOT/Ia B TPH pasa)
HIDKE, YeM 1pu numdoBaHn. HemanoBaxxHyro poJib Urpaer TOT (akT, 4YTO TBEPJOE TOUCHHE
UMEET HAMHOTO 00Jiee BBICOKYIO THOKOCTh - BO3MOYHA 00pab0TKa CIOKHOTPO(IIHHBIX JIe-
Tasiel, B TO BpeMs KakK Ha NUTM(OBAILHOM CTaHKE Takas 00paboTka TpeOyeT 3aMeHbl KpyroB
U TIOJHAJAIKM cTaHKa. HakoHer, yTuin3anus CTpy KK MPOILe U JACIeBlie, YeM IUIH(OBaIb-
HOTO 1uiama. B pe3ynbrare, TBepoe ToueHue npakruuecku Beerna Ha 30 - 50% sxoHoMUY-
Hee MTH(OBaHUS.

OrpaHuueHueM il IOBCEMECTHOTO HMCIIOJIb30BAaHUSI TBEPOTO TOUEHHUS SBISETCS He-
00X0IUMOCTh MPUMEHEHHS CTAHKa, 00J1aJal0IIero J0CTaTOYHON )KECTKOCTBIO U BUOPOYCTOH-
YHBOCTHIO. BOo3HMKaOMIME IPY TBEPAOM TOUECHUH YCWIIUS JTOJDKHBI OBITH aJ€KBAaTHO BOCIIPH-
HSTBI CTAHKOM.

WHCTpyMEHTAIBHBIM MaTEpUAIOM JJIsl TBEPJOTO TOUEHHS SIBIAIOTCS PEXyIlas Kepa-
MHUKa ¥ KyOmdeckuii HUTpHUI Oopa. Kakaplii u3 MaTrepuanoB UMEET CBOM NMPEHMYIIECTBA U
HeznocTaTKu. Kepamuka CyIecTBEHHO JIEHIEBIIE, HO TJI0X0 BOCIPHUHUMAET YIapHbIE HArpy3KH
(T.e. OTpPAaHWYECHHO NPUTOAHA JJIsI IPEPBIBUCTOTO pe3anus). Kyoudeckuit HuTpua 6opa MeHee
BOCTIPUMMYHUB K YJIapHBIM Harpy3kam, HO O0JafaeT CyLIECTBEHHO 0oJjiee BBICOKOM ILIEHOM.
Tem He MeHee, 00a MHCTPYMEHTAJbHBIX MaTepHuajia HaxoIAT MPUMEHEHHe MpH TBEpAOH 00-
paboTke.

[Tpu 06paboTke pe3anueM Ha ppe3epHbIX cTaHKaxX, 0COOCHHO Ha OTEpalUsiX YHCTOBO-
ro pe3epoBaHmsl, MOXKET PEaATN30BaATHCS BEHICOKOCKOPOCTHOE (hpe3epoBaHUE.

BricokockopoctHoe dpesepoBanue [3] (anri. HSC — High Speed Cutting) - crieru-
aJbHBIN TepMUH, 0003HAYaIOUINH COBPEMEHHYIO TEXHOJIOTUIO U3rOTOBJIEHUS, KOTOPYIO MOX-
HO OTHECTH K TPYIIE TEXHOJIOTUIECKUX METOJO0B H3TOTOBJICHHUS IyTeM 00pabOTKH pe3aHueM
pe3laMu C OIpenesieHHOM reoMerpued. [Io OCHOBHOMY NPUHIMIY OH HE OTJIMYAEeTCS OT
00bIYHOTO (ppe3epoBaHMs. B HEM Takke ¢ MOMOILBIO BPALLIAIOLIETOCs PEXYIIET0 HHCTPYMEH-
Ta ¢ HECKOJIBKIMH OIpEICICHHBIMY pe3liamu ((ppe3amu) cHUMaeTcs (Ccpe3aeTcs) MaTepua C
3aroToBKU. OIHAKO MPHU BBICOKOCKOPOCTHOM (hpe3epoBaHUM CKOPOCTH pE3aHusl U 1Mojaay B 5-
10 pa3 BeIlLIE, YeM npu 00bIYHON 00padoTke. /g Takoro marepuani, Kak cTajb, OHU COCTaB-
10T 00619HO OT 500 mo 1500 M/MHH., OTYACTH Aa)ke BbIme. J{Jisi HArTSAHOCTH MOYKHO TIPH-
BECTH IPUMEp, YTO (ppe3a AuaMeTrpoM 6 MM HMMeeT CKOpocTh BpamieHus npumepHo 40.000
00./MuH. Takas BBICOKasi CKOPOCTh pe3aHUsI KOMOMHHUPYETCS C BRICOKMMHU CKOPOCTSIMU TI0/1a4.
Taxke ¥ OHM MOBBIIIAIOTCS MO CPAaBHEHUIO C OObMMHOM 00paboTkoi B 5-10 pa3 u Tem cambIM
HaxoJsTcs B nuamna3oHe ot 2 10 20 M/muH. OHAKO ecTh cepbl IPUMEHEHUS, T1¢ HE JOCTHU-
raroT O4€Hb BBICOKUX CKOopocTel. Toraa roBopsT o nepexoiHoil 00JacTu MeX1y BbICOKOCKO-
POCTHBIM W OOBIUHBIM (hpe3epoBaHueM. Ho U 31€ch MOKHO TMOXHHATH IUIOJBI OT MPEUMY-
IIECTB, KOTOPHIE AA€T CTPATETHsI BEICOKOCKOPOCTHON 00pabOTKH.

Teopernueckum 00OCHOBaHHEM BBICOKOCKOPOCTHOW 0OpaOOTKU SIBISIIOTCS TaK Ha3bl-
BaeMble KpuBble CosioMOHA [4], KOTOpBIE TTOKA3BIBAIOT CHIDKEHUE CHJI PE3aHUS B HEKOTOPOM
nuanasoHne ckopocreil. Ho Haubonee BaxHbIM (aKTOpOM SIBIISIETCS MepepacIpeiesieHue Terl-
7a B 30He pe3aHus. [lpu HeOonbLIIMX ceyeHUsX cpes3a, B JaHHOM JHana3oHe CKOpOoCTel oc-
HOBHAasl Macca TelJja KOHIIEHTPUPYETCS B CTPY’)KKE, HE yCIeBas MEpPEXOJIUTh B 3arOTOBKY.
VIMeHHO 3TO MO3BOJIIET BECTU 00pabOTKY 3aKaJCHHBIX CTaJlleil He omacasich OTIyCKa MOBEpX-
HOCTHOTO ciosi. Otcrona ocHoBHOM npunIU BCO — Masnoe cedenue cpe3a, CHUIMaeMOE C BbI-
COKOI CKOPOCTBIO pe3aHMsl, U COOTBETCTBEHHO BBICOKHE OOOPOTHI IIMUHJIENSI U BBICOKAsT MU-
HyTHasl 1moaqa.
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Besne Gnarogapsi BBICOKOCKOPOCTHOMY (ppEe3€pOBaHUIO JOCTHTAETCS TI0 CPABHEHHIO C
0OBIUYHBIM (hpe3epoBaHUEM OUYEHb KOPOTKOE OCHOBHOE TEXHOJOTHYecKoe Bpems [3], koTopoe
B COOTBETCTBHHU C 33JaHHBIM ITapamMeTpoM B 5-10 pa3 MeHblle (pU MPOYUX PABHBIX YCIOBUX
pe3aHus B Mpeenax BO3MOXKHOT0). OHaKo B MPOM3BOJICTBE MHCTPYMEHTOB, TJIE€ YacTO Tpe-
OyeTcst MPOU3BOJICTBO CIIOKHBIX (POPM M TOBEPXHOCTH CBOOOIHONW (OPMBI, IPUMEHSIETCS
npyras ctparerusi. Bo u30exanue 1oporocrosuieid, Tpedyomeil MHOTO BpeMEeHH, pyYHOH pa-
00Thl TIpU (hpe3epoBaHUM yMEHBIIAIOT Gopmar cTpoku. Dopmar CTPOKHU — ITO PACCTOSTHHE
MEXIY JABYMS MMapajuielbHBIMH, PAaCHOJIO0XKEHHBIMU DPSAOM JIPYT C JAPYTOM TPAaeKTOPHSMH,
NPOBEACHHBIMU LIEHTPOM (Ppe3Bbl.

TakuM 00pazoM MOXKHO TMPU OJUHAKOBOM OCHOBHOM MAIIMHHOM BpPEMEHH M30EKaTh
PY4YHOH pabOTHI U TEM CAMBIM COKOHOMUTH PACXOIBI.

JlanbHeliee MPeuMyIIECTBO TMOJIydaeTcsi Onarogapsi oOpaboTKe B HAJAKPUTHYECKOM
JUIs KoJieOaHMii AMana3oHe, MOTOMY YTO BE3Jle NPU TAaKUX BBICOKHUX CKOPOCTSIX BpaIlICHUS,
KOTOPBIE UCTIOJIB3YIOTCSL TIPU BBICOKOCKOPOCTHOM (Ppe3epOBaHNM, 3HAUUTENHHO MPEBBIIIAIOT-
Csl YacTOTHI PE30HAHCA JIETalI, MHCTPYMEHTAa U KOMIOHEHTOB cTaHka. OHOBPEMEHHO C 3TUM
3a cueT HeOOJBIIMX MOIMEPEYHBIX CEYSHUH Cpe3a CHJIBI Pe3aHHs MOTYT OBITh HEOOJBIIUMH,
YTO OJaronmpHsATHO CKa3bIBAETCS HA BBIJCPKMBAHUH pa3MepoB y3ioB. Kpome Toro, mpobiema
BBIJICJICHUS TEIUIa CBeJIeHa K MUHUMYMY, KaK y>K€ OMUCHIBAIIOCH B MPEIBITYIIEM pa3/ere.

Ho BBeICOKOCKOpPOCTHOE (hpe3epoBaHUE MPUHOCHUT C COO0W W OOMNbIIME HEIOCTATKH.
N3-3a HEOOXOIUMOCTH UCTIONIL30BATh TOJBKO CIIEIUANIbHBIE BBICOKOCKOPOCTHBIE MHCTPYMEH-
TaJIbHBIE MIMUHAETH, TPEOYIOIHUecs Uil TaKOH BBICOKOW CKOPOCTH BpAIICHUs, B HACTOAIIEE
BpEMs 4aCTO MOTYT TPUMEHSTBCS JIMIIb HHCTPYMEHTHI JuaMeTpoM ot 15 o 20 mm. Tak uHo-
ra oObraHas 00paboTKa pe3aHreM roBOPUT cama 3a cebs. Henp3st 3a0bIBaTh, KOHEYHO, TAKIKE
1 00IIEN3BECTHOE OTrpaHNYCHHE (Dpe3epOBAHUS y3JIaMH C IOCTATOYHO OOJIBIIIMM BHYTPEHHUM
paguycoM U MaKCMMAJIbHO BO3MOKHBIM COOTHOIIICHUEM IIUPUHBI U TIyOMHBI KOHTAKTA, YTO-
OBl MOHO OBIJIO KOPOTKO 3aKaTh (hpe3y. DTOT HEAOCTATOK NPUCYII] TAKXKE M BBICOKOCKOPO-
CTHOMY (hpe3epOBaHUIO.

M3HOC, MM I/IHTepeCHI)If/'I 3(1)-

0.14 - (GeKT yBEIMYEHUs] CTOMKO-
012 O;rla»{,qume cTi uHcTpyMmenTta npu BCO
HaOMIOaeTCsl TPHU CpaBHE-

01 HHMH CHOCOOOB OXJIAXKJEHUS
[4]. Kak mnoka3bsiBaeT Tpa-

0.08 ¢ux (puc. 1), HanGombIIAS

CTOMKOCTBH HaO0II01aeTCs
Hacyxo  IpU HCIONB30BaHUM OO.y-
0.04 — Ba. Tak Kak Terio KOHIIEH-

// o6ays TPUPYETCA B CTPYXKKeE, €€

0.02 - HAaZ0 MPOCTO OBICTPO yna-
o / 100 JUTb W3 30HBI PE3aHHUA.
JnuHa pesaHus Huskasg cTtoiikocThs MHCTPY-
MEHTa TIpU  OXJIAKICHUU

0.06

Puc. 1. I'padukn 3aBUCHMOCTH M3HOCA MHCTPYMEHTa B OOBSACHSIOT INIABHBIM 00pa-

3aBUCHMOCTH OT CIOC00a OXJIAXKICHHS 30HbI PE3aHHUs 3o0M BBIKpAIINBAHUCM,
BCJICACTBHUC MUKIINYCCKUX

TEPMUYECKUX HArpy30K Ha
PEXKYIIYIO KPOMKY HHCTPY-

113



NHXEHEP, Ne 13,2012 r.
IIPOLOECCHI PE3AHUSA

MeHTa. [locTosiHHas TeruloBas Harpyska, Ja)ke Ha OTHOCUTENIBHO BBICOKMX TeMIlepaTypax
Jy4lle, YeM MEHSIOIasACcs IUKINYEecKas Harpys3Ka.

[Tpu oGpaboTke meraneil OCEBBIM MHCTPYMEHTOM, HAIIPUMEDP CBEPJICHUH, MOXKET OCY-
HIECTBISITHCS PE3aHME MUHUMAJbHBIM wHcmosib3oBanuem COX MMS (Minimal mengen
schmierung) [1] . [Ipu MMS B 30Hy pe3aHus 0GBIMHO BBOIUTCS OT 5 10 50 cM’ CMa304YHOTO
BelecTBa B 4ac (IpH TIy6OKOM cBepieHHH — 10 120cM’/d), 4T0 BO MHOTHX CIydasx oOpa-
OOTKH MO3BOJISIET yCTPAHUTh HEIOCTATKU «CYXOT0» PEe3aHHs U MPAKTUYECKH 00ECTIeYHTh pe-
UMbl U TlapameTpbl 00paboTku ¢ oOminbHBIM Hcnoib3oBanneM COXK, a B psjue cioydyaeB —
naxe npes3oitu ux. [Iporecc MMS 00BIYHO coueTaeTcsi ¢ BHICOKOCKOPOCTHBIM PE3aHHEM.
Bo3Hukaromas npu 3TOM BBICOKasi TEMIIepaTypa MPUBOJUT K UCHAPEHUIO0 CMAa304HOIO BElle-
CTBa, TaK 4TO oOpabaTbiBaeMas JeTallb, MHCTPYMEHT U CTPYXkKa OCTAaIOTCS CyXUMH. B aTom
ciayuae COX nonatorcst B BUIE a3p0307isl.

[logBon cma3ouHOTrO MaTepuana JOJDKEH OCYLIECTBIATHCS YEPE3 BpalArOIIMKCS
LINKHAENb U aBTOMaTUUECKU CMEHSIEMbIH MHCTPYMEHT, KOTOPBIN JOJDKEH UMETh KaHAJbI JJIs
noasojga MMS k pexyumM kpomkaM. Ha coBpeMEHHBIX CTaHKax € 4acTOTOM BpallleHUs
mmmaaens 10000-12000 MuH ™ B OCOOCHHOCTH Ha BBICOKOCKOPOCTHBIX, IJIE€ 3TH YaCTOTHI
nocturaor 20000 — 30000 MEH ', BOSHHKAET OMACHOCTD PACCIOCHHS adPO30JIsL [IOJ] BO3ICH-
CTBHEM HEHTPOOEKHBIX CHJ C OCEJaHHWEM YacTHI[ CMa3KH Ha CTEHKax KaHaioB. /laBieHue
BO3/lyXa B a3p030Ji€ WIN €ro KOMIOHEHTaX, MOJBOJUMBIX K BpaILAIOLUIEMYCsl IUINMHEN0, HE
NpeBbIIAET 00BIMHOTO JaBieHus nojasoanuMon COXK, B cBsi3u ¢ yem AJi NOABOJA MCIIOJIB3Y-
IOTCSl TaKHe K€ yCTpoiicTBa. B HacTosIIee BpeMsi U3BECTHBI JIBa OCHOBHBIX CIIoco0a 00pa3o-
BaHUs U MOJBOJA a3p030Jisi: a) ¢ 00pa30BaHUEM CMECHU «CMA304YHOE BEILIECTBO — BO3YyX» BHE
BpAIIAIOILIEro IMUHAE; 0) ¢ pa3fesbHbIM OJBOJOM CMa304HOIO BELIECTBA M BO3ayXa K
HIMUHIETIO ¥ 00pa30oBaHUEM a’po30Jisi B HEMOCPEICTBEHHOW OJM30CTH OT MHCTPYMEHTA
(puc.2). Bropoii crioco6 npumeHsieTcsi Ha ObICTPOXOHBIX IIMUHIEIIX U 00ecrieunBaeT MojI-
BOJ] a3p030Jis1 K MHCTPYMEHTY 0€3 pacciioeHHUs.

- MMS wumeer xopoiue mep-

XeocToRuy IT T HonomHasme CIICKTHUBBI, €CJIN 6yﬂyT OCYHIGCTBJIGHI)I
hek | i . Maciom CIIEIYIONINE MEPOTPHUATHI: a) TOBBI-
- | Kop HIeHUE OOIIeH CTOMKOCTH MHCTPYMEH-
_ n N
ﬂi‘;ﬁyﬁﬂ J— '.r*--“.t‘ Ham:g TOB; 0) MPUCTIOCOOJIEHUE KOHCTPYKIUH
{ - I 5
£ — | - | CTaHKOB K TpeboBanusiM MMS; B) co-
vt | oo~ DnycooeotiepcTie)  pon i iencTBOBAHME YCTPOHCTB METOIOB
[ I AUTR 3ACACKBANHA
. ¢ _4_‘ ; YA CMEIIMBAHUS Macja W BO3ayXa IS UX
et L Mo/1a4u B 30Hy 00pabOTKH; T') CO3aHHE
I ¥ iw i Conno I B KTUBHOT' HUS
Uewtpobexswii | 1 crioco6oB, 3dde oro yjaaie
] | crpyxkn MMS. Bnaromapss 3Hauu-
y ¢ ol Aepxarans TEJIbHBIM DKOHOMUYECKMM U DKOJIOTH-
HHCTDYMEHTA
YECKHM TPEHMYIIecTBaM Tepen olpa-
HucTtpysaanr C 6 o 6
. i OTKOW ¢ OOBMHBIM TPHUMEHEHHEM

KaHANAMM ‘ COX, MMS 3aiiMeT DOCTOHHOE MECTO
B METALI000paboTKe.

o Ilo OII€HKaM MHOTI'UX CII€IuaJin-
Puc.2. ®yHkumoHanpHas cxema ycTpoii- ctos [1] B 6mmxkaiimiue Toer Ha MMS

CTBA JUIs 00pa3oBaHHs adPO30JIs. OynayT nepesenensl 10 10 % Bcex craH-
KOB B MamMHocTpoeHun. MMS umeer

XOpOIINE NEepPCHNeKTUBbI, €cau OyayT

OCYILECTBIICHBI CIIEYIOIINE MEPOIIPUATHS: @) OBbIIIEHNE 0011ell CTOMKOCTH MHCTPYMEHTOB;
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6) mpucnocoOlieHne KOHCTPYKIMHA CTaHKOB K TpeboBaHUsIM MMS; 6) COBEPIICHCTBOBAHUE
YCTPOICTB METOOB CMEIIMBAaHHMSA Macja M BO3[AyXa Ui UX MOJaud B 30HY 00paboTKH; 2)
co3/1aHue crnoco0oB, 3¢ ¢heKTUBHOTO ynaneHus ctpykku MMS. brnaronapsi 3Ha4MTEIbHBIM
HKOHOMHUYECKUM U SKOJOTMYECKHM MPEUMYIIECTBAM Iepe]; 00paboTKOi ¢ 0OBIUHBIM IpUMe-
HeaneM COXX, MMS 3aiiMeT T0CTOIHOE MECTO B METAILIO00PaOOTKE.

Ob6pabotka 6e3 COX wnn ¢ ee MUHUMAJIBHBIM HCIIOJIb30BAaHHEM ITOCTETIEHHO MPOHHU-
KaeT BO BCE OTPACIIH, CBA3aHHbIE ¢ 00paboTKON MeTaioB. B mepByro ouepens 3T0 OTHOCUTCS
K CTaJd, aJJIOMHHUIO M €r0 CIUIaBaM M 4yryHy. B 3Toif 001acTé MHOTUMHU CTpaHaMu, B 4acT-
HocTHu ['epmanueil, MpoOBOJATCS MIMPOKHUE UCCIECIOBAHUS U y>KE€ HAKOIUICH OOJIBIION MPAKTH-
YEeCKUI OMBIT JIE3BUIHHOM 00paboTku Kak coBepiieHHo 0e3 COX, Tak u ¢ ee MUHHUMAJLHBIM
INPUMEHEHHEM, IIPUUEM BO MHOTMX CIIydasX peaju3yeTcsi MIMEHHO NEPBBIM BapUaHT KAaK Hau-
00J1ee KOJOTHIECKH OE€30TaCHbIH.

Cnucok jutepatypsi: 1. Pe3aHue ¢ OrpaHM4eHHBIM HCIIOJIB30BAHUEM CMAa30YHO-
oxnaxaaromen xunkoctr. XKypHan «actpymentsl. Texnonoruu. O6opynosanue» NeS 2005
r. 2. CoBpeMeHHBIC TEXHOJIOTHIECKUE TCHICHIIMN B 00paboTke pe3anueM. Mmxk. JI.A . Jlokres/
http://www.stankoimport.com/presscentre/forum/dloktev.html 3. BricokockopoctHoe ¢pe3e-
posanue (HSC)/ http://www.galika.ru/article 8.htm 4. BsicokockopoctHas o00paboTka
/http://www.delcam-ural.ru/cam/tehpodderjka

BOJIOCTPYHWHAS PE3KA MATEPHAJIOB
Byrtenko B.W., boiiko A.C. (xa¢. mexanuxu, TTU FO®Y, e. Tacanpoe, Poccus)

B coBpemenHo# MeTamnooopaboTke ruapoadbpasuBHas 00pab0oTKa KOHCTPYKIMOHHBIX
MaTepHaIOB HAXOJIUT IIMPOKOE MPUMEHEHHE BCIICACTBUE TOTO, YTO TO3BOJISIET 00pabatsi-
BaThb KakK TBEPALIC, TaAK U INIACTUYIHBIC MCTAJIJIbI U CIIJIaBbI 3HAYUTEIILHOM TOJIIUHBI. Mexa-

HHKa TIpollecca  BOJIO-

CTpyHHOM 00paboTku

KOHCTPYKIIMOHHBIX MaTe-

a) 0) pHAJIOB COCTOUT B TOM,
YTO IpU yJape IABUXKY-
muxcd ¢ OOJBIION CKO-

pOCTI)IO KUOAKNUX KaIlCib
110 HOBerHOCTI/I TBCpI[O-
8) 2) i ';. r'0 TeJla BO3HUKAIOT CHJIBL,
CIIOCOOHBIE BBLI3BATH €TI0

HeoOpaTtumyro aedopma-

uuo 1 paspyumenue. [Ipu

Puc. 1. Craguu prepopmarny Kamwim BOIBI IPH yAape O O-  3roM  xapakTep M Mac-
BEPXHOCTH TBCPAOTO TCIA mrabd pa3pylIeHUsT Mare-
puaia Ipu TaKOM THIPO-

JTUHAMHYECKOM yJape 3aBUCST, TJIABHBIM 00pa3oM, OT pa3MepoB, IDIOTHOCTH U CKOPOCTH I1a-
JICHYST J)KUJIKOU KaTlTd, a TAK)Ke MPOYHOCTHBIX XapaKTEPUCTUK 00padaThiBaeMOTO MaTepuaa.
[Ipomecc ymapa coctouT u3 NBYyX mepuonoB (puc. 1): mepwonga pocrta AaBlieHUs, MPOIOJI-
JKAFOMIETOCST 0 MOMEHTA BO3HUKHOBEHHS IMOJIHOCTBIO PA3BHTOTO TOIMEPEUYHOTO CTPYHHOTO

L EL S AL AL AT
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pacTekaHust BOAbI (a, 6, 6), U IepHoa Craaa AaBICHHS, BO BpEMsl KOTOPOTO Karuisl pacIulio-
[IMBAETCS HA TIOBEPXHOCTH 00pabaThIBaeMoOi geTand (2).

B MoMmeHT kacaHus Kamiau 0 IOBEpXHOCTh 0OpabaThiBaeMOro MaTepuana oopaszyercs
onpeenéHHas IUIOIAAb KOHTAKTa, KOTOpasi paclIMpsieTcss CO CKOPOCThIO, YMEHBIIAIOLICHCS
¢ TeueHneM BpeMeHu. [Ipu 3ToM faBiieHne e€ Ha MOBEPXHOCTh OBICTPO JOCTHUTaeT MAKCUMY-
Ma. B ganpHeliemM Ha paHHHX CTAIUsX MpoIlecca yaapa Kariki B TOBEPXHOCTHOM CJIoe 00-
pabaTeiBaeMOro MaTepuaiia BOHUKAIOT BOJHBI HanpspkeHud. OT pacmmpsromeiics obmactu
KOHTaKTa TOCJIEAOBATEIHFHO OTIEIAIOTCA KaK MPOJOJIbHBIE M TOMEPEYHBIC BOJHBI (BOJIHBI
UCKKCHUH MIM Aeopmanuy cIBHUra), TaK U MOBEPXHOCTHBIE BOJHBI Panes, mepemernaro-
[IMecs o MaTepuaity Mmperpajsl (MOBEPXHOCTHOMY CJIOK0) OT MecTa yaapa.[1]

K HacTosmemy BpeMeHH M3BECTHBI J[Ba OCHOBHBIX CHOCO0a pa3pyllIeHus] MaTepuaia
BBICOKOCKOPOCTHOM CTpyeil BOJBI: C UCIOJIb30BAaHUEM YUCTOM BOJBI 0€3 mpHuMecei u ¢ uc-
MOJIL30BaHUEM BOJIBI TIpH J00aBlieHHH B He€ aOpa3wBHBIX yacTull (Tuapoadpa3uBHas obOpa-
6oTka marepuaiuoB). s mepBoro crnoco0a MCMOIB30BAHUS BOABI XapaKTEPEH PEKUM XPYTI-
KOTO YAAapHOTO paspyIICHUs, MPU KOTOPOM yJapsemas 4acTUIla CHIBHO JehOopMHUpYyeETCS
(puc.l), ocraBisiss Ha TOBEPXHOCTH MaTepHalia KOPOTKHE KOHIEHTPUUYECKUE TPEIIMHBI

Puc. 2. MukpodoTorpadun KOIbIEBBIX TPEIINH Ha MOBEPXHOCTH TBEPIOTO TETA B!
a — OTPAXEHHOM CBETE; O — MOJIIPU30BAaHHOM CBETE

st BTOpOTro cnioco0a npu yaape adpa3uBHBIX YaCTUIl O TIOBEPXHOCTh MPOUCXOIUT UX
BHCAPCHHUC B IpErpaay, CONpoOBOKIAACMOC MHTCHCHMBHBIM XPYIIKUM Pa3pylUICHUCM MaTcpuajia
(puc.3).

B o6mem ciyuae maBieHHe THAPABIUYECKOTO yjaapa MpH BOJOCTPYHHOU 00paboTke
MaTepuasoB ornpeenseTcs mo gopmyse [2]

P=Lpcm, (1)
2a

w
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rjae p, - INOTHOCTh 00pabaThIBAEMOIO MaTepHuala, kr/im’; C - CKOPOCTb 3ByKa B JKHJKOCTH,
M/c; ¥V, - CKOPOCTb XKHAKOCTH, 101aBaeMO Ha 00pabaThIBAEMY10 HOBEPXHOCTD JETAIIH, M/C;

o - KO3 HHULUEHT, YCTaHABIUBAIOIINI YMEHBIIEHHE CKOPOCTHU KHUIKOCTH B CXKATOH 001IacTu
B pe3yJIbTaTe MPOXOXKIACHUS YAAPHOU BOJIHBI 11O Karwie.

Eciu npuHSTE CKOPOCTH yAAPHOM BOJIHBI 10 KaIUle paBHOW Fw, 5T0 M3 ycioBus He-
Pa3pbIBHOCTH JaBlieHUs P, = P Ha NOBEPXHOCTH pasjiesia BOJAbl M MpErpajbl MOXKHO 3all-
carb:

v, +V, =V, 2)
rae V,, P - cKOpOCTb pacpOCTpaHEHUs U JaBJIE€HUE YAapHOW BOJHBI 110 00pabaThIBAEMOMY
MaTepHuay COOTBETCTBEHHO.

Torna ckopocTh yAapHO¥ BOJHBI 0 Karuie V, ompenaenutces o Gopmyie:

a 0
Puc. 3. [InacTuyeckoe NpOHUKHOBEHHE a0pa3WBHBIX YaCTHIl B IOBEPXHOCTh TBEPJIOTO TeJa:
@ — TUTACTHYECKUM OTIIEYaTOK; O — TPEIIUHBI B 30HE KOHTaKTa (yBenumdeHue 200)

V
V,=—"-—+, 3)
1+ pWUW
rU,
a JIaBJICHHE TMAJAr0IIee KarTd Ha MOBEPXHOCTh TBEPJIOTO TEJIA COCTABUT
p, UV,
= p—UO (4)
[+
U,
o VO
B dopmyne (4) ckopocTh yaapHOW BOJHBI 10 Kamue V, IpU COOTHOIICHHH R <3

MOXeT OBITh ompenenieHa mo gpopmye [2,3]
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V
V,=VQ2C, - O,lc—t). (5)

w

K coxanenuro, Ha PaKTUKE PEXUMBI BOJOCTPYHHOU (Tuapoabpa3uBHOiIT) 00paboTKH
KOHCTPYKIIMOHHBIX MaTepuasioB OOBIYHO HAa3HAYAIOT, MCXO/I M3 OIBITHBIX JaHHBIX 0e3 yuéra
($U3HKO-MEXaHNUECKUX CBOMCTB MaTepuanoB. [Ipu 3TOM nmpuUHUMaeMble PEXUMBI 10 CKOPO-
CTH MojJauu padoueil XKHUIKOCTH, KaK IpaBuiIo, oka3biBatoTcs Ha 20-30% Huxke pacuéTHBIX.
OTO CyLIECTBEHHO CHIDKAET MPOU3BOIUTEILHOCTh BOJOCTPYHHON 00pabOTKH KOHCTPYKIIMOH-
HBIX MaTepUAIOB METAIUIOB U HE 00ecrieunBaeT TpedyemMoro kauectsa 00paboTKu.

Cnucok autepatypsl: 1. JlateimoB P.P., Teperynoe H.I'., Xapnoe A.1. HekoTopsie
CBEJICHUSI O TUApOpE3anun martepuanos - Tpyasl Vdumckoro ATV, 1999. 2. K.T. Dnuk-
O0aeB «MexaHuka Mpoliecca pa3pylIeHUsT MaTepUajoB BBICOKOCKOPOCTHOW CTpyel BOIBD»
YK 621-624, 666. 3. Kirchner H. P., Gruver R. M., in Fracture 1977, D.M.R. Taplin
(ed), Univ. Waterloo Press, Canada, 1977, Vol.3. p.959

BU3HAYEHHS TEMIIEPATYPU PIBAHHS 11 YAC ITIOJAYI
OXOJOKYIOYOI'O CEPEJIOBMIIIA B 30HY PI3AHHA PO3ITNJIE HHAM

JaiineBa LIO., IBuenko T.I'. (kagpeopa TM, Jon/TV, m. [loneyvk, Yrpaina)

OpxHuM 13 HaOIbII e()EeKTUBHUX CYyYaCHHUX IUIAXIB MiJBHUIICHHS €()EeKTUBHOCTI MeXa-
HIYHOT 00pOOKH 32 paxyHOK 3HIKCHHS TeMIIEpaTypH 1 MiIBUIIEHHS CTIHKOCTi IHCTpYMEHTA €
3aCTOCYBaHHS MAaCTHIJIBHO-0XOJIODKYOUHX TexHoyoTiaHuX cepenosuil (MOTC). V 3B's3ky 3
M JIOCUTPH aKTyalbHa po3poOKa METOJIiB KEPyBaHHS TEIUIOBUMH SIBUIIIAMH B 30HI pi3aHHSA 3
IX BUKOPUCTaHHSM.

B HacTtynmHumii yac HOCTaTHBO PO3BUHYTI TEOPETHUYHI METOIU JOCITIDKEHHS TEIUIOBUX
NPOIIECIB B TEXHOJIOTTYHAX CHCTEMAX, SIKi JIO3BOJISIIOTH PO3PaxOBYBATH SIK PIBEHb TEMIIEPATYP
pizanss [1], Tak 1 BIUIMB HA HE1 OXOJIOKYIOYMX TEXHOJOTIUHUX cepenosuil [2, 3]. OmHaxk,
ICHYIOY1 JTOCIHIIPKEHHS MPHUCBSAYEHI HAHOUIBII PO3MOBCIOKEHUM CHOCO0aM IM0/a4i 0XO0JI0-
JOKYIOUUX CEPEIOBHII B 30HY pi3aHHS JIE30BUMHU IHCTPYMEHTAMH: BUTBHO MAJal0uiM CTpyMe-
HEM PiIMHU B 30HY KOHTAKTy IHCTpYMEHTa 3 00pOOIIOBAHOIO ACTALIIO 3 OOKY IepenHboi Mo-
BEPXHI Ta CTPYWHO-HAIIIPHAM CTPYMEHEM PiIuHU (3 THCKOM 10 2 Mma) 3 60Ky 3aHbOi TIOBE-
pxHi [4]. HaitO i1 eeKTUBHAM 3 MOy BUKOPUCTAHHS OXOJIODKYIOUHX TEXHOJIOTIYHUX
CepEeIOBHII /TSI TBEPAOCIUIABHOTO IHCTPYMEHTY, Ta IHCTPYMEHTY 3 Cy4acHHX HAATBEPIUX
MaTepiaiiB, skl 0COOJIMBO UYTKI 1O TEIUIOBUX YJIapiB, € PO3MWIECHHS PIIUHU CTUCHEHUM IOBI-
Tpsim mipu TrcKy 0,2 MIla 31 mBuakictio 10 300 M/c sixk 3 00Ky 3aaHBOI, Tak 1 3 OOKy mepen-
HBOI TOBepXOHb. O/1HAK, iH(OpMAaIIis 3 IBOTO MUTAaHHS BEIbMUA OOMEXEHa.

OcHoBHa MeTa poOOTH MOJISITae B KOMIUIEKCHOMY JTOCHIIP)KEHHI B3a€MO3B’SI3KIB TEMIIe-
paTypu pi3aHHs 3 Koe]ill€eHTaMM TEIUIOBIAAaul B yMOBaxX M0Jaul TEXHOJIOTTYHUX OXOJIOIKY-
IOUMX CEPEIOBUIL y PO3MUWICHOMY CTaHI, a TAK0X B OOTpYHTYBaHHI MOXJIMBOCTEH HampasJie-
HOTO 3MIHIOBAaHHS TEMIIEpaTypH B 33JaHOMY Jiana3oHI.

[1ix yac moayi 0X0JIOAKYIOUOT PIIMHH Y 30HY Pi3aHHS B pO3NWICHOMY CTaHI Ma€ Miclie
CKJIQJHUH TEnJI000MIH OBEPXHI Jie3a IHCTpyMEHTA 3 ABO(A3HUM MOBITPSHO-PIIMHHUM Cepe-
noBuieM. [lo-mepire, BinOyBaeThCs KOHBEKTUBHUM TEMJIOOOMIH 3 PO3MHJICHOIO PIIMHOIO,
Kparuli K01 P 31TKHEHH1 3 OBEPXHEI0 TUIa HAarpiBalOThCS O TEMIEepaTypHu HaCUUEHHS O,
a IOTIM BHIIAPOBYIOTHCA. [ po3paxyHKy Koe(ili€HTa TEIIOBIANAYL Ofq.p, IO BHHUKAE Y
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BUMAJIKy HAarpiBy Kparuli ImiJ 4ac KOHTaKTa 3 TOBEPXHSAMHU IHCTPYMEHTY B YMOBaX MPHUPOTHOL
KOHBEKIIi{, BUKOPUCTOBYEThCS KpUTEpialibHe piBHAHHSA [1]:

Nu, =0,135(Gr, Pr, >33, (1)

ne Nu, = Ouzpl/A - xputepiit Hyccenbra (A - KOe]ilieHT TEIUIONPOBIAHOCTI; / - XapaKTepHUI
po3mip); Pr, = v/ — kputepiit [Ipanarns (v - kiHeMaTHIHUNA KOEQIIiEHT B'SI3KOCTI cepeo-
BHIIA; (- KoedillieHT TemMnepaTyponpoBoasocti); Gr, = f(On-Op)gl A’ - xputepiit ['pacroda
( - xoedimieHT 00'eMHOTO PO3LIMPEHHS; g — MPUCKOPEHHS BUILHOTO MaaiHHA; Oy - TeMmepa-
Typa HaBKOJIMILIHBOTO CEPEI0BUILA).

KoeoimienTn TenoBianavi npu HarpiBi Kparii 10 TeMOepaTypy HACUUEHHs JJIs oaadi
PO3NMWICHOTO CEPEAOBUILA 3 OOKY NEPEAHBOT ygzps 138IHBOT Qlygzp2 TIOBEPXOHB!

gt = 47,6011 =0, 105 0,00 = 447.6(0 1 -0, )03 /121, 2)

ne I; - xapakTepHHuid po3Mip, SKUH 171 TTofadi pO3MWICHOTO CEpeOBUIIa 3 OOKY MepeaHbol
MOBEPXHI 32 YMOB TMOTEPEUYHOTO OOTIKAHHS TiIa BU3HAYAETHCS K CKBIBAJICHTHHN JiaMeTp 3
00mikoM po3MipiB iHCTpyMeHTy B 1 H: [; = BH/2(B+H); > - XxapakTepHHA po3Mip, SIKUH A1
1oJ1a4i pO3MIJICHOTO cepeoBHUIIa 3 00Ky 3aIHBOI MOBEPXHI 32 YMOB TIOJOBXHBOTO OOTIKaHHS
TiJla IPUIMaETHCS K PO3MIp MO HANPSMKY Horo minny [ = H.

KoeoimienT tennoBignadi i, NpU KHUIIIHHI BPaXxOBYy€E Te, IO MPH pi3aHHI Ha MOBEpPX-
HX Jie3a IHCTpyMeHTa B Ipoleci MexaHoOOpOOKM BHHUKAIOTH TeMiepatypu Os, 3Ha4HO Oi-
aemri 100°C, y 3B'I3Ky 3 UMM HEOOXiHO BPaxOBYBaTH OCOOJIMBOCTI TEIUIOOOMIHY TpH 3MiHi
arperaTHoOTo CTaHy PiAvHH — KuMiHHi [1]:

Ay ~170(@ g —100)88 (95<120°C); oy, =3,33-108(0 ¢ —100)75% (©5>120°C). (3)

Kun Kun

Cepenni 3a 9acoMm Koedil[ieHTH TEIUIOBIAIa4i PIIMHU B PO3MIJICHOMY CTaHi B MPOLECi
HarpiBaHHS 1 BUMApyBaHHI Kparwti:

Cyazpl Cxun [C(®S _®H)+ r] o _ Cyaop2&xun [c(®S _®H)+ r]
) 2 -
'@ yaapl T COyyun (®S - ®H) post FQugep2 T CQyyn (®S - ®H)

NG

& posnl =

JI€ ¢ — MacoBa TEIUIOEMHICTb PIIANUHY; ¥ — TEIJIOTA MapOTBOPEHHS.

[o-npyre, BinOyBa€eThCSI BUMYIICHNH KOHBEKTUBHHI TETNIOOOMIH 3 MOBITPSIM, IO MicC-
TUTBCS B BO(a3sHOMY cTpyMeHi. [l po3paxyHKy Koe(ilieHTa TeIIOBIAAAYl B MOBITPS Qhos
BUKOPHUCTOBYIOTbCSI KpUTEpialibH1 PIBHAHHS JJI1 YMOB BUMYLIEHOT KOHBEKLIT JJIs 10Jadi po3-
MWICHOTO CepeloBHINA 3 00Ky TiepenHboi Nu,; 13a1Hb01 Ny, TIOBEPXOHB:

Nitgy =0,28Re ™8 Prl3(pr, /Prg )25 Nuyy = 0,021ReS Pre® (Pr, /Prg )2, (5)

ol

ne Nuor = Qosli/A, Nupz = Quoslo/A - kputepii Hyccenwta; Re,; = wli/v, Re,» = wl)/v - xpurepii
Peiinonpaca (w - MIBUAKICTH TIOTOKY).
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KoeoimienTn TenoBianavi B MOBITPs 171 OJadi PO3MMIEHOTO CepeloBHIA 3 OOKy Tie-

PEIHBOT Qypsr 1 38THBOT Qo2 TIOBEPXOHB:

Xnosl = S'OWO.6/ZIO’4 » Upog2 = 3-4W0'8/13’2 : (6)

[MpuBeneni koedimieHTH TETUIOBIANAYI, SKi
BPaxoBYIOTh YCi MPOLECH TETIOOOMIHY AJIST TO-

“g}.»’;'{ Jlaul pO3NWICHOTO CepefoBHINa 3 OOKy mepen-
N . . . .
Fo R :‘.'-* §#s$¢ HBOT Oty 133AHBOT Ofyp2 IOBEPXOHB!
110Y ARy
O RN | Epom. — 12K 2/3 2( ) 7
'#.I‘..ﬂ#::ﬂs.*ﬁ% & Xpp1 = L M=\& posnl ~ Anogl )T Cnosl (7
Ly Syt gt
| oty 2/3 2
50001 3400 !..."'.%E* 3-10?3 Appo = 12K Bm & posn2 ~ Xnos2 )T Anog2 - (8)
R /o0t
Nemgnaeaet , :
% LR 0t Ha mincraBi po3paxoBaHUX 3 BUKOPHCTaH-
02 nis 01 HIM METOJIa KIHIEBUX PI3HOCTEH KOe(illi€HTIB
Puc. 1. Ipadiku 3anexHOCTi 3HIDKEHHSI TeMmIiepaTypu pizaHHs [2], mo3Hadve-
MPHUBEJICHOTO KOeQilli€eHTa TEeTUIOBiI- Hux Ha puc.2 a) Ke;p Ta Ke2p, BUKOHaHA MaTe-

nadi ap Bil cepeiHboro koedimienra  MaTHdHa 00poOKa Pe3ylbTaTiB pO3paxyHKy (Io-

TETUIOBIIAY1 Qposn TA KOHIIEHTpAITT K

MuiIKa Ha nepesuitye 10%) Ta BU3HaAUYEHHH Xa-

pakTep M CTYINEHb BILUIMBY KOEQIIIEHTIB TEIIO-
Bi/IJIavi HA 3HIDKEHHSI TEMIEpaTypH pi3aHHs MMiJ Yyac MoAadi pO3MIICHOTO CepeI0BHUIIA 3 OOKY

nepeanboi Ko, r 1a 3a1Hb01 K 927 TOBEPXOHB JIe3a IHCTPYMEHTA:

BcranoBneni  ki-
TBKICHI 3B’SI3KH Koei-
I[IEHTY TETUIOBIIIAYi Ta
TEeMIepaTypu pi3aHHS,
CKJIaJaloTh  MIACTaBY
IUIE po3po0Ka METOJIB
KEPYBAaHHS TEIJIOBUMH
SIBUIIIAMU B 30HI 00pO-
OKM B yMOBax KOHBEK-
TUBHOTO TETJIOOOMIHY.

Jns  nporHosy-
BaHHS PIBHS TeMIlepa-
TypH pi3aHHA B 3aJexk-

Keir =0.94-1,07-10 a,15 Kgor =1.0-15-107 .- 9)
K ' K
& &
XKEEP \
0.95 \ 0.85
K
i 82 4 K@2
0.9 N 0.8 —1
ere [N \
0.85 A7 0.75
_ K@: \\ _
08 - 0.7

0 5000 1 .1[]4&@,;6% 1 .1[2!_'4 2 -1[]_'4 3 -10_4 K, %33
a) &)
Puc. 2. I'padiku 3asexH0CTi KOeirieHTa 3HUKESHHS
TeMriepaTypu pizanas Ke Bia koedilieHTa TeIUIoBi a4l
Oyp — @) Ta Bif, KOHUEHTpauii K - 6) 1 nmogadi po3nuieHoi piau-
HU
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3HIDKEHHSI TeMIepary-
pu pizanHs Kg BiJ KOH-
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nenrpauii pinuau K. Po3paxyHKky BUKOHYBAJIMCH JJIs1 HACTYITHUX YMOBIIOJadi CepeI0OBHUINA B
30Hy 00poOkm: mBuakictk w = 200M/c; xapakTepHi po3Mipu [;> = 20MM; Qs
0.5-10°BT/M*°C; 0tposn = 4-10*BT/M>°C.

TakyuM YMHOM, BUKOHaH1 JOCIIPKCHHSI B3a€EMO3B’SI3KIB TEMIIEpaTypH pi3aHHS 3 Koedi-
[[IEHTAaMH TEIUIOBII/Ia4i Ta YMOBaMHU TOJ1a4i TEXHOJOTIYHUX CEPEHOBHIL, HA MIICTaBI STKUX
0OTpYHTOBaHI MOXJIMBOCTI HANpPaBJICHOTO 3MIHIOBAaHHA TEMIEpaTypu B 33JaHOMY JliarmazoHi
JUISL TIOJIa91 OXOJIOJKYFOUUX CePEeOBUI PO3NHIICHHSM.

Iepeaik aiteparypu: 1. PesnukoB A.H., Pe3nukos JI.A. TerioBblie npouecchl B TeX-
HOJIOTHUECKUX cucteMax. - M.: Mammnoctpoenue, 1990. - 288c. 2. Ipuenko T.I'., Heuenaen
B.I'., 'auteko, O.M. BruiuB crioco0y mojiadi 0X0J10)KyI040ro CEpeIOBHINA HA TEMIIEPaTypy
pizanns // HagiliHICTh IHCTPYMEHTY Ta ONTUMI3aIlis TEXHOJIOTIYHUX CHCTEM. 30IpHUK HAayKO-
BuX mpaue. Bum. 16 . — Kpamatopesk: JIJIMA, 2005.- C.34-38. 3. Isuenko TeopeTnyHi ocHO-
BU KEpyBaHHsS TEMIIEPATypOIO Pi3aHHS 3 BUKOPUCTAHHIM OXOJIODKYHOUMX cepenosunl // Ha-
JIMHICTH IHCTPYMEHTY Ta ONTHMI3allisl TEXHOJIOTTYHUX CHCTeM. 30IpHHK HAayKOBUX Ipallb.
Bum.18. — Kpamatopcek: IJIMA, 2006.- C.39-45. 4. 3aiinea N.10., Buenko T.I'. Bei6op
croco0a 1mogaym CMa30YHO-0XJIAKJAIOIINX TEXHOJOTHUECKUX Cpell B 30HY pe3aHus NpH Jie3-

BuiiHOM 00paboTke. MHIKEHEP: cTyneHdecknii HaydHO-TeXHHYECKUU KXypHan / JloHenk:
HouHTY, 2011, Ne 12. - C.108-111.

ONTUMM3ALIYA PEXKMMOB PE3AHUS ITPU CBEPJIEHNHA 110 KPUTEPUIO
MAKCUMAJIBHOU NIPOU3BOJAUTEJIBHOCTH

HNabuna A. A., UBuenko T.I'. (kagpeopa TM, /JonHTY, 2. JJloneyx, Yrpauna)

ObecneueHre MakCUMalbHOW NMPOU3BOIUTEIBLHOCTH MEXaHMYECKON 00paboTKu nera-
JIE MalllMH 32 CYET ONTUMHU3ALMK PEKUMOB PE3aHUs — BECbMa aKTyaJlbHAs 3aJ1a4ya MalIMHO-
ctpoenusi. OQHUM K3 HanboJiee PacpOCTPAHEHHBIX METOJOB ONTUMU3ALMU SBISETCS METO]
nuHelHoro nporpammupoBanus (MJIII), mo3Bosstomuii OCyIIECTBIATh OJJHOBPEMEHHYIO OII-
THMH3ALUI0 CKOPOCTH PE3aHMs U MOJAYM C YYETOM JECUCTBYIOIIMX OIPAHMYEHUH IO KpHUTE-
U0 MAKCUMAaIbHOM MPOU3BOAUTEIBLHOCTH.

B nHacrosmee Bpemsi 10CTaTOYHO U3BECTHBI METOAMKN ONTUMHU3ALUHA PEKUMOB PE3aHUA
npu touenuu [1, 2, 3]. OgHako, OHM HE YYHUTHIBAIOT OCOOCHHOCTEH CBEpJICHUS U TPEOYIOT
JABHEHUIIIETO pa3BUTHUS, MPEXAE BCEro B (DOPMHUPOBAHWM CUCTEMBI OTPAHUYEHHH, JEHUCT-
BYIOILIUX IPU 00paboTKe.

Hens npencraBnsgemMoil pabOThl — C UCIIOJIB30BAHUEM METOJA JIMHEHHOTO NMPOrpaMMHU-
pOBaHHS OTPENEIUTh ONTUMAILHBIE PEXHUMBI Pe3aHHs, 00ECIeYHBAIOIINE MAKCUMAIBHYIO
IIPOU3BOIUTEIBHOCTD CBEPJICHMUS.

LemeBast GyHKIMS - POU3BOIUTENHHOCTh 00PaOOTKH, MAKCHMYM KOTOPOH JTOCTHTaeT-
Cs PU MMUHAMYME OCHOBHOT'O BPEMEHU, WM MAaKCUMyMe MPOU3BENCHMS 4acTOTHI /1 Bpalle-
HUS U NIOJIAYH S:71-S —>Max.

[Ipu cBepieHnN pacCMaTPUBAIOTCS CIEAYOIINE OTPAHUYECHUS:

1) mo pexxymum BO3MOKHOCTSM HHCTPYMEHTA

aDn/1000 < Cy Ky DT [T™ s, (1)
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rae D - nuametp cepna; Cy, Ky, my, qy, yy — Ko3QPUITMEHTHI U TIOKa3aTel, XapaKTepU3yro-
1Y€ BIMSIHUE CTOMKOCTU 7, [uameTpa U I0Ja4yd Ha CKOPOCTb PE3aHus;
2) no AOIyCTUMOM TemriepaType pe3anus Gyop

Cis¥tv' <@y s (2)

rae Cy, Vi, X; — KO3POUIMEHT U TIOKa3aTeNM CTCIICHH, XapaKTePU3YIOIIUE BIUSIHUEC CKOPOCTH
pe3aHus ¥ MoJauu Ha TEMIIEPATypy pe3aHus;
3) 10 MOIITHOCTH CTaHKa

975103 N /n> Cyy K yy DIM 591 3)

rne Cu, K, gr, yir — K03 QUITMEHTHI U TIOKa3aTeNN CTEICHEH, XapaKTepU3YIONIUe BIUSHUEC
JUaMeTpa CBEpJia U MOJa4 Ha KPYTSAIIUA MOMEHT TIPH CBEPJICHUH; N - MOIIHOCTH 3JICKTPO-
JBUTATETIS; 7] - KOA(DPUIMEHT MOJIe3HOTO NEHCTBUS;

4) Mo MPOYHOCTU MEXaHU3Ma Moa4u CTaHKa Py,

qp .V
PcmZCPKPD pS‘D, (4)
rac CP, KP, qp, Yp — KOB(l)(i)I/IIII/ICHTI)I 1 IIOoKasaTeiin CTeHeHef/’I, XApaKTCPU3YIOIIHUC BJIHUAHUC
AuaMeTpa CBCPJia U NIoJJa4u Ha OCEBYIO CHUITYy ITPU CBEPJICHUM,
5) IO MMPOYHOCTH PCKYIIET0 MHCTPYMCHTA

o/Kg 21.73Cy K yy DI sM [, (5)

I7le ¢ — BPEMEHHOE COTPOTHUBIICHHE MaTepuaia cBepia Ha paspsiB; Ks~ 1.5...2.0— ko3 du-
IIMEHT 3armaca npoYHOCTH; W=0.02D° — MOMEHT CONPOTUBIICHHS CBEpIIA.
6) 10 ’KECTKOCTHU PEXKYILIEro HHCTPYMEHTA

K EI/L*>CpK ps’? D7, (6)

rae K;= 2.46 — ko3 durmeHT ycroitunBoctd; £ — MOIyJb YIIPYTOCTH MaTepuana ceepia; [ =
0.039D? — MoMeHT HHepIMHK CBepia; L - AIHHA BbLIETa CBepia$
7) IO KKHEMATUYECKUM BO3MOKHOCTAM CTAHKA npin <N < Apav> Smin <8 < Smax -

B pesynbraTe mHeapu3anuy 1ejaeBoi (yHKIIUN U OTPAaHUYCHHN MTOJTyYeHa MaTeMaTH-
YecKasi MOJEIIb IPOLIECCa CBEPIICHMS :
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X1+ yy X2<by,
x; X1+y,X2<b,
X1+ y,, X2<bs,
ypX2<by,
ypX2<bs
ypX2<bg,
X1>by, X1<bg,
X222 by, X2< by,
(X1+ X2)— max,

IIPOLOECCHI PE3AHUSA

by = 1n(318D(‘1v‘1) CyKy [T™ );

by = 1n(1oooxt ®,,,/C, (D) )

by = 1n(975-103Nn/CMKMD‘]M );

by :ln(PX Jcpp?» KP); (8)
(bs = 1n(0.0121)3*‘1M G/CMKM);

be =tn(Kk ,EI /12C, D7 K , );

b;=1n Smins bs=In Smax,
bg=1In Mmins b1o=In npax

[Ipumep ompeneneHuss ONTUMANBHBIX PEXUMOB pe3aHus (puc.l) mpuBeneH s
CBEpJICHU IIIyXoro otBepcTtus auamerpoM D = 10 mm, niouso# L = 20 MM B ctanu 45 (1poy-
HOCTB G, = 750Mmna). O0paboTka OCYIIECTBISIETCS CIHPATBHBIM CBEpJOM H3 ctamum POMS

Xl ]
1 2 BN
z C\\ A0
7
Xin D }
...
ﬁ [~
ii \\\
5
7 5
8
4
A E|l o |81
3
_4 -3 -2 X2,-1 0o A2

Puc.1. Cxema omnpeneneHuss onTUMaib-

HBIX PCKUMOB PC3aHUA IIPHU CBCPJICHUHN CTAIIN

(reomerpudeckue napameTpsl: 2¢p= 120°,
obparnast konycHocth 0.1...0.15 MM Ha
100 MM pgmuHBL, cToMKOoCcTh T = 30MuH.,
W3HOC TI0 3aJIHe TOBEPXHOCTH h =
04...05 MM) Ha  BEpTUKAJIbHO-
cBepamiibHOM ctanke 2H125 (MomHOCTh
Nen = 2,2kBT; K03 PUIIHEHT MONE3HOTO
nevicteusa n =0,8).

Jna 3alaHHBIX YCJIOBHM MeEXaHO-
00pabOTKHN TMPHUHATHI CIEAYIONINE KO-
(GULIMEHTBl W TOKa3aTelln, XapaKTepu-
3YIOIME CTENEHb BIMSHHUA TIOJa4u U
CTOMKOCTH Ha CKOpocTh pezanus [4]: Cy
=7,¢v=04;y,=0.7, m=0.2;

Koaddunmentsr u nokaszarenu, xa-
PaKTEpU3YIOUINE CTENICHb BIUSHUS T0]1a-
YU U CKOPOCTHU Ha cuity pe3anus [4]: Cp=
68, q,=1;, »,=0.7; K, = 1; Cp= 0,034;
qu= 2; yYm= 0.8.

C ux yderoM oOIpeaeneHsl cie-

JyIOIIMe 3HaYeHus mapameTpoB b;: by = 2,848; b, = 5,647; b3 =7,436; by = 0,386; bs = -1,056;
bs = 0,046; by = -2,996; bsg = 0,806; by = 3,332; b;9p =7,09.

Mpuoroyronsuuk ABCDE (puc. 1) npencrasisieT coO0i 00J1aCTh BO3MOYKHBIX PEIICHUI.
[leneBas ¢pyHKIMA NPUHUMAET MAKCUMAJIbHOE 3HaY€HHE B TOuke D, Ui KOTOPOil cymma pac-
cTostHUM 110 ocelt (X1+X2) makcumanbHa. Koopnunatsl Touku D(X1,, X2,) ABISIOTCS UCKO-
MBIMH ONTUMAJIbHBIMH 3HAYEHUSIMU ITapaMeTPOB, HA OCHOBAHUU KOTOPBIX OMPEAEINISIOTCS OIl-
THUMaJIbHbIE PEXUMBI PE3aHMs: CKOPOCTh pe3anus V,= 25,6M/MuH, nojnaya S, = 0,22Mm/00.

C yuyeToM pa3nMuHBIX OIpaHMYEHUN pa3paboTaHa METOAMKA aHAJUTHUECKOIO OIpesie-
JICHUSI ONITUMAJIBHBIX PEKUMOB PE3aHus NMoAauu S, U CKOPOCTH pe3aHus V), B 3aBUCUMOCTH OT
napamMeTpoB MEXaHUIECKOM 00PabOTKH ISl pa3IMYHBIX YCIOBUM CBEPJICHUS :
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Vy
3—q, b4

0.0126D" "7 secru L/ID<K,; 1

CuKuKs (©/C,K,S,)y , eciu D> D,;
S, = y v, = :
0,039K ; ED> "7 & Cy Ky D [T™SY" | ecu D<D,,
> sectu LID>Kp, .
KCpKp

rae K, - TpaHU9HOE 3HAUYCHUE OTHOIIEHHS JUTMHBI CBEepJia K AUAMETPY, IJIi KOTOPOTO HE0O-
XOJUMO YYHUTBIBATh OTPAHUYEHHUE 110 KECTKOCTH; D, - TpaHUYHOE 3HAUYCHUE JUaMETpa CBEp-

Ja, 111 KOTOPOro HE0OXO0IMMO YUUTHIBATh OTPAHNYEHUE TI0 TEMIIEPATYPE PE3AHUSL:
1 1

™ qv(c,K, ]% (5, )5
CyK 0 o7 Ay
Vay

Lrg —q O3
KLO:(&ZSCmKSKyE/D P ’”cr) s D, =

Takum 00pazom, paspaboTaHa METOAMKA ONTHUMHU3AIMU PEKHUMOB pPEe3aHMs MPH CBEP-
JICHUU TI0 KPUTEPHUIO MAaKCUMAaJIbHOIN MPOU3BOAUTENLHOCTH 00paboTku. [lomyueHHble aHamu-
TUYECKHUE 3aBUCUMOCTH IIO3BOJIIIOT YCTAHOBUTH 3aKOHOMEPHOCTH U3MEHEHHS ONTHUMAIIbHBIX
3HAQYECHUH TO0JAa4U U CKOPOCTH PE3aHus OT IIapaMeTPOB IpOLiecca CBEPJICHUs, a TaKXKe pac-
CUMTBIBATH ONTHMAJIbHbBIE PEKUMOB PE3aHUs TIPU CBEPJICHUH B JIFOOBIX YCIOBUAX 00pabOTKH.

Cnucok autepatypsi: 1. CrapkoB B.K. O6paboTka pe3anuem. YnpapieHue cTaOuib-
HOCTBIO M KAYECTBOM B aBTOMATU3UPOBAHHOM MPOU3BOACTBE. - M.: MammHoctpoenue. 1989.
- 296¢. 2. OnTumuzanus u ynpasieaue nporeccom pesanus: / O.C. Kpons, I'.JI. Xmenos-
ckuit. — K.: YMK BO, 1991. — 140c. 3. Iuenko T.I'., [Tonskosa €.B. [IBoxkpurepiaiibHa o1-
TUMI3allis peXXUMIB pi3aHHS MMiJ 9ac 0OpOOKH YaByHIB IHCTpPYMEHTAaMH 3 HAATBEPANX MaTepi-
amiB // IlporpeccHBHBIC TEXHOJIOTHM W CUCTeMbl MamuHOcTpoeHus:— Jlonenk: J{ouHTY,
2011. Boim. 41. — C.152-158. 4. CrpaBouHUK TeXHoJIora maminHocTpoutensi. B 2-x 1. T.2
/Mon pen. A.I'' Kocunosoii u P.K.Memepsikoa. — M.:Mamunoctpoenue, 1985. — 496 c.

MHOI'OKPUTEPHUAJIBHASA OIITUMMU3ALIUA PEXKUM OB PE3AHUSA
HA OCHOBE MVYJIbTUIUVIMKATABHOMN CBEPTKU KPUTEPUEB

Kopoas K. O., UBuenko T.I'. (kagpeopa TM, [JonHTY, 2. /loneyx, Yxpauna)

CoBpeMeHHbIE TeHJIEHIIMU B ONTUMHU3ALIMU PEKUMOB pe3aHMs HAlpaBJeHbl HA pelle-
HHE MHOTOKPUTEPHAIBHBIX 3a/lay, 00eCNeunBAIOIINX OJHOBPEMEHHOE YJIyUllleHHEe Mapamer-
pOB 00paboTKH MO pa3nu4HbIM Kputepusm [1, 2]. OgHuM U3 HanpaBiIeHHH MHOTOKPHUTEpH-
aJIbHOM ONTHMU3ALMU SBISETCS MCIOJIb30BAHWE MYJBTUIIMKATUBHOM CBEPTKH KPUTEPHEB,
MO3BOJISIIOLINX Pa3IMYHble KPUTEPUU ONTHUMM3ALMU MPUBECTH K €IMHOMY KpUTEpHIo, obec-
MEYMBAIOIIEMY HaWIy4lllee COUeTaHue KaXJ10r0 U3 HUX.

JlJ1 IpakTU4ecKOro MCIOJIb30BaHUS MPEACTABIISIET HHTEPEC BO3ZMOYKHOCTD BBINIOJHE-
HUSI aHAJUTUYECKUX PAcCUyETOB ONTUMANBHBIX PEXHUMOB PE3aHUsl, YTO JOCTATOYHO MPOCTO
obecreunBaeTcss METOI0M I'€OMETPUUYECKOTO MpOorpaMMUpOBaHusl. MeToauKka ONTUMH3ALMS
pexUMOB pe3aHus ¢ ucrosibzoBanueM MI'TI, nmpencraBnenHas B padote [3], naetr aHaauTHYe-
CKO€ pellleHHe ISl ONpeAesieHUus] ONTUMAaJIbHBIX PEKUMOB PE3aHus MPU TOYEHHUU 10 KpUTe-
put0 MUHHUMAaNbHOU cebecroumocTH. [Ipencrasnser uHTepec nanpHelmee paszpurue MITI
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NPUMEHUTENBHO K 3aJladaM MHOTOKPUTEpUAIbHON ONTUMHU3AIMK C IPUMEHEHUEM MYJIBTHII-
JMKaTUBHBIX KPUTEPHUEB.

Lenp mpencrabmsemoir paboTel — ¢ ucnonb3oBanreM MITI paspaboTarh MeTOAUKY
OTIpE/ICTICHUS] ONTUMAIIBHBIX PEKUMOB PE3aHMs 0 MYJIBTHIUIMKAaTUBHOMY KpUTepuio, obec-
NEYMBAIOIIEMY HAWIyylle€ COYETaHUE KPUTEPUEB MAKCUMAJIbHOW IPOU3BOJUTEIBHOCTU U
MUHUMAJIBHOM ce0eCTOMMOCTH 00pabOTKH TOUEHHUEM.

B npencraBnsiemoii paboTe B KauecTBe KpUTEpUS ONTUMH3AIMU NPUHUMAETCS Tepe-

MEHHAsl 4acTh C€0ECTOMMOCTH OOpPAa0OTKH JIETAIH PEXKYIIUM HHCTPYMEHTOM, 3aBUCSIIAS OT
PEKUMOB pE3aHHUsl, OTHECCHHAS K MPOU3BOIUTEIHLHOCTH 00pa0OTKH, BEIPAKEHHON TUIOMIA BIO

00paboTaHHOM NOBEPXHOCTH:

C=(At, + At t, /TS, (1)

rrne A - cebecTOMMOCTh CTaHKO - MUHYTHI, f,- OCHOBHOE BpeMs 00pabOTKH; . - BpEMSI CMEHBI
MHCTpYMEHTa; T - CTOMKOCTh HHCTPYMEHTA, S — M0J1a4a; # — 4aCTOTa BPAIEeHHs JICTalu.
[Ipu pemeHnn 3ama4m JByXMapamMeTPUUECKOW ONTUMH3AIMHU, TO €CTh OIpeIeIeHNUs

ONTUMAJIBHBIX 3HAYEHUH CKOPOCTH Pe3aHusl ¥ MOJa4H C 3aJaHHOH IITyOHHOU pe3aHus B yCIo-
BUSIX OJHOIIPOXOJHOHM 00paboTKH, meneBas (PYHKIUS, C YIETOM HM3BECTHBIX COOTHOIICHHUM

OCHOBHOTO BpeMeHU 00pa0OTKU U CTOUKOCTH HHCTPYMEHTA C PEKUMaMU, UMEET BU/L:

C=v2572 4+ mytvIgks =1, 2)

rie M =(t, +Au/A)tx/m/CT s ky =1/m—1; kg = y/m—1; 4 - ce6eCTOMMOCTb CTAaHKO
- MUHYTbI, A, — CTOUMOCTb O/IHOT'O IIEpHUOJa CTOUKOCTH MHCTPYMEHTA; ¢, - BPEMsI CMEHbI UH-
crpymenTa; Cr— KO3 QUIMEHT U X, ), M — IOKa3aTeNlH, XapaKTepU3yIOIue CTETCHb BIUSHU
riryOuHbI ¢, nojiauu S U cToiikoct 7 Ha CKOPOCTH V.

Jl11 4epHOBOrO TOUYEHHMs HauOOJee PacHpOCTPAHEHHBIM SBJISAETCS OTPAaHUYECHUE IIO
MMPOYHOCTH IJIACTHUHBI PEXKYIIETO HHCTPYMCHTA!

87 <1, (3)

b / 1.35.0.77 ( . o/ - 0.8

rie ko3 umment st ToueHnss C; =CpKpt P [ 34c 7t sin 60 /sm go) ;
¢ — TOJIIMHA IIACTUHBI - IMIaBHBIN yroia B mwiane; Cp, Kp - k03 dHULUEHTsI U X, )}, — TOKa-
3aTeNH, XapaKTepHU3yIOLIUe CTENCHb BIMAHUS INIyOHHBI M TIOAAa4YN Ha CWTy pe3aHus P, ompe-
JiesseMble B 3aBUCUMOCTH OT yCJIOBUN 00pabOTKH.

JIIst 4epHOBOTO M YUCTOBOTO PACTauMBAHUS B CBSI3U C BO3MOXKHBIM 3HAYHTEIIBHBIM
BBIJIETOM JICPKABKH PACTOYHOTO MHCTPYMEHTA HEOOXOJUMO YUHUTHIBATh OrPAaHNYEHHE TI0 Ke-
CTKOCTH PEXYIIET0 HHCTPYMEHTA:
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C,87r <1, (4)

rae kodduiment aus pacraunBanus Cp = 4Cprtxp 13/prd4 ;

[ - BBUIET JICpKaBKH pe3lia; d — IuaMeTp omnpaBku (pa3Mep AepkKaBKH pesna); £ - MOAYJIb YII-
pYrocTu MaTepuasa Aep)KaBKU pe3la; f, - IOMyCTHMas CTpelia poruda pesua: 1uisi YepHOBOI
o0pabotku f, = 0,1MM; gyt urcToBoii - £, = 0,05...0,03 Mm.

I[JIS'I YUCTOBOI'O TOYCHHUA U paCTa‘-II/IBaHI/ISI HGOGXOI[I/IMO y‘-II/ITBIBaTB OFpaHI/I‘-IeHI/Ie 110
Npe/ICIIBbHO IOy CTUMOM MIEPOX0BATOCTH 00pabOTaHHOM MOBEPXHOCTH R,

cyshivks <1, (5)

rie Ko3(GQUIMEHT JUI YUCTOBOTO TOYEHHs U pacTauuBanud Cy = kork 2 / R,;

ko, ki, k2, k3 — kodpdunmeHT U MokazaTeN, XapaKTEPU3YIOIINE CTEeIICHb BIMSHUS 104U S,
paauyca npH BEpIIMHE 7, CKOPOCTH V Ha 1IEpOX0OBATOCTh 00pabOTaHHOM MOBEPXHOCTH R, ky,
ki, k2, k3 — koapduimeHT u mokaszarenu, XapaKTepU3yIOMIUe CTENCHb BIMUSHUS TI01a49u S, pa-
JIMyca IpH BEpIIMHE 7, CKOPOCTHU V Ha 1IepOX0BaToCTh 00pabOTaHHOM MOBEPXHOCTH Ry
MaremaTrueckasi MOJIeNb 337aud ONTUMH3AIMNA CKOPOCTH pe3aHUs M MOJa4YH MPH TO-
YEHUU TIPEJICTABIIIETCS CICTYIOIINUM 00pa3oM:
1) npsimast 3agaua MI'TI - MuHUMU3UpOBATH

g(V,S)=V"282 + my*r T1gks -1 (6)

npu orpanuuenusix V>0,S8 > 0, M > 0;

2) nBomcTBeHHas 3aaaua MI'TI - MakcumMu3upoBaTh
W
- % W 11
V()= (1/Wor ) o1 (M Wy ) %oz C; (7)
MIPU OTPAHUYCHUSAX IO TPOYHOCTH IUIACTUHBI U KECTKOCTU PEXKYIIEr0 HHCTPYMEHTA

WO] + Woz =1;
—2Wo1 + (ky —1Woa = 0; (8)
—2Woy + (ks =1Woa + v, 11 =0.

0 TPEIETbHO JOIYCTUMOM IIEPOX0BATOCTH 00PaOOTAHHON TOBEPXHOCTH

Wor + W =1;
= 2Wor +(ky —1Wop + k3t =0; ©)
—2Wyy + (ks =1Woo + ki1 =0.
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CornacHo MI'TI Ha nepBoM 3Tane ONTUMHU3ALUKM CKOPOCTH PE3aHUs U IMOJAayu pella-
eTcs CHCTeMa JIMHEHHBIX YpaBHEHUH AJsl ompezaeneHus Kod(p(HUIMEHTOB BecomocTed Wy,
Wor, Wir.

Jlst uepHOBOI1 00pabOTKHU:

(1 — 2m)yv +2m-y,

W01:1—2m;W02 :2m;Wll= myp (10)
Jyis anctoBoii 00pabOTKH:
W, = (ks — ks = (ky =1k :
(ks =13 = (ky =1y +k3 —ky
k3 —ky 3 :W01kV—(kV—1)V an

WOZZ(

kS—l)k3—(kV—1)kl+k3—kl ; k3

Jlyist cpaBHEHHS MIPEICTABIICHBI PE3YJIbTAThl PACYETOB ITUX KOIPPHUIIUEHTOB IS
KpUTEpUs MUHUMAaIIbHOH cebecTtoumocTtH [3]:
1—
W()l:l—m;W()z:m;W/H: yv.
Yp
ksks —kyky k3 —ky Wl ky )= ky

:ksk3—kal+k3—k1 ’ 02:k5k3—kal+k3—k1 SMaS k3

Wo1

Ha ocHOBaHWM HaWEHHOTO dKCTpeMyMa 1ieneBoi GyHKIu V(W) cocTaBisieTcsi CHCTe-
Ma JIMHEUHBIX ypaBHCHI/If/'I JJI OTIPCACIICHUA ONITUMAJIbHBIX PCKUMOB PC3aHUA:

VW Wy, =V 2572,

(12)
V(W Wy, = Myt Tlgks =1,
K .
C E B pesynbrare pemienust 3Toil cHCTEMBI U TOJ-
&5 CTaBKM PACCUMTAHHBIX 3HAYEHHH KOA(PPHUINEHTOB
L5 Becomocter Wy, Wor, Wi (6), onipenenstoTcs OnTu-
' e MaJbHbIE 1o1a4ya Sp U CKOPOCTh pe3anus Vo:
cl 1 2m "
e | S, =Cl "y, = 2| s
| (1-2m)M
m v
2m
Vol =[—j C1177 . (13)
05 (1—2m)M
0.9 1 1.1 k JInst cpaBHEHUS TPEICTABICHBI PE3YJIbTaThI
Puc. 1. 3aBHCHMOCTD pacueToB ONTUMAIIBHBIX MOJAaYu Spo; U CKOPOCTH pe-
K03 PUIMEHTA H3MEHEHHS 3aHUs Vo, ISl KpUTEepUss MUHUMAIBHOM ce0ecTonMO-
cebecToMMoCTH 06paboTKu OT cTe-  CTH [3]:
MICHN OTKJIOHEHHS PEKHUMOB PE3aHHs Yy - m
OT ONITUMAJILHBIX k Sp1=C11 7P V= ——=—1 S vy
(1 —m)M
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m " o
V.=—w| c11’?.
ol (l—m)M

[Ipumeps! ompeneneHus ONTUMAIBHBIX CKOPOCTH pe3aHusi V' u momauum S, obecrieuu-
BAIOLINX MUHHMAJIBHOE COOTHOLICHHE CEOECTOMMOCTH U MPOU3BOJIUTEIBHOCTH, PUBEICHBI
JUIsl YEPHOBOTO pacTauyMBaHUsI OCHOBHOI'O OTBEPCTUS Kopiyca auamerpoM D=100MM, 1ymHOM
L =250mm u3 ceporo uyryna CH20 (HB 190).

VYcnoBus uepHoBOro pactaunBanus: pesusl BK8 (nepeauuii yron y = 0°; riaBHbIi yroiu
pesna B miane ¢ =45°); rmyOuna pe3aHus ¢ = 4MM; TOJIIUHA IUIACTHHBI ¢ = 4,76MM; CTOU-
MOCTb CTAHKOMHMHYTHI 4 = SKOI/MUH; CTOUMOCTH | mepuoa cTORKoCcTH HHCTpyMeHTa A, = 15
KOII/TIEPHO/; BpEMsI CMEHBI UHCTPYMEHTA /. = | MUH.

Jlyist 3aaHHbIX yeaoBHid 00padoTku kodddunmentsr Becomoctu: Wy, = 0,6; Wy, = 0,4;

Wi = 2,13; onTuManbHbie pexuMbl pe3anus V, = 100m/mus; S, = 0,62MM/00.

Jliss cpaBHEHUWSI MPEACTABIICHBI PE3yJIbTaThl PACUETOB ONTHUMAIBHBIX IMOJAYU Sop H
CKOPOCTH pe3aHust Vo Ui KpUTEpHsE MUHIMAJIbHOU cebectoumoctu [4]: kodduiineHTs! Be-
comoctu: Wy; =0,8; Wy, =0,2; W;; = 1,07; onTuManbHble pexXUMBbI pe3anus V, = 83m/MuH; S,
= 0,62MM/00.

Koaddumment m3menenust cedbectonmoctu 00pabOTKH TPU OTKIOHEHHH BBHIOPAaHHBIX
PEXUMOB Pe3aHusi OT UX ONTUMAIBHOTO 3HaueHus S = kS,, V = kV,. (k — crenenp oTKIIOHE-
HuA) [3], mpencTaBieHHBIN HA pucC. 1, CBUAETEIBCTBYET O TOM, YTO MUHUMAaJIbHast cebecTou-
MOCTb 00Opa0OTKH UMEET MECTO NMpH k = 1, TO €CTh P ONTUMAJIBHBIX IO CE0ECTOMMOCTH pe-
*uMmax pe3zanus (kpusas Kcy). [Ipu oTKIIOHEHUN PEXUMOB pe3aHMs, KaK B MEHBILYIO, TaK U B
OOJIBIIYI0 CTOPOHY OT ONTHUMAJIbHBIX, CEOECTOMMOCTb YBEJIMYMBaeTCA. PaccMOTpeHHbIN
MYJIBTUIUIMKATUBHBIN KpuTepuil (kpuBast K¢»), Takke Kak U KpUTepuil ce0eCTOMMOCTH, UMEET
KCTPEMYM — MUHUMYM (KpuBas Kc2), OJHAKO AJI1 3TOTO KPUTEPHUS ONTHUMAJIbHBIE PEKUMBI
pe3aHus, a TaKke ce0eCTOMMOCTD M IPOU3BOAUTEIHLHOCTH 00paboTkH BhIe (B 1,1 pasa).

Kc :WOIkl—yv+pr11 +W02k—kV(1—yv+pr11)+kS —ky K+ K. (14)

Takum 00pazom, mpeaCcTaBICHHAs METOIHMKA MMO3BOJISET ISl JIOOBIX YCIOBUH TOUYCHUS
BBIIIOJIHATDL PAaCYCThl ONITUMAJIBHBIX PCKUMOB PE3aHUA MO MYJIbTUINIMKATUBHOMY KPUTCPHUIO,
o0ecIeynBaroeMy HaWIydlliee COYeTaHue KPUTEPHEB MAaKCUMAITbHOUM TIPOU3BOIUTEIIHEHOCTH
¥ MUHUMAJIbHON ce0ecTOMMOCTH 00paboTKu cebecTomMocTh 00paboTku. PazpaboranHas me-
TOAWKA OMPECACIICHUA ONTUMAJIBHBIX PCKUMOB PE3aHUA MOKET OBITH UCIIOJIBE30BaHA IJIA JIFO-
OBIX BUJIOB 0OpaOOTKH.

Cnucok autepatypsnl: 1. CrapkoB B.K. O0paboTka pezanuem. YnpasieHue cTaOuib-
HOCTBIO M KAYECTBOM B aBTOMATU3UPOBAHHOM MPOMU3BOACTBE. - M.: MammHoctpoenue. 1989.
- 296c. 2. Onrummsanusa u ynpasienue npoiieccom pezanus: / O.C. Kpons, I.JI. Xmenos-
ckmit. — K.: YMK BO, 1991. — 140c. 3. Upuenko T. I'. icnonp3oBanue MeTo a reoMeTpuye-
CKOTO TPOTPAMMHPOBAHUS Ul pacdyeTa ONTUMAIBHBIX PEXKHMOB pe3aHUs NPU TOUYCHUH /
T.I''IBuenko Hayunsiit Bectauk I’ MA. — Kpamatopck: JII’MA, 2011. — Ne2 (8 E). C.110-
116.
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PA3BUTHUE B3I'JI51/10B HA BUBPAIIUU ITPU TOYEHUU
HMammnuu A.B., YepusimeB E.A. (kageopa TM, /lonHTY, 2. Jloneyx, Yrxpauna)

Ha coBpemeHHOM 3Tane pa3BUTHs MAIIMHOCTPOCHHS BCe 00Jiee aKTyalIbHbIM SBJISIETCS
pa3paboTka BUOPOYCTONYMBBIX KOHCTPYKIM CTAHKOB M CTAHOYHBIX MPHUCTIOCOOJICHWA ISt
obecnieueHnss OMAronNpUsATHBIX YCIOBHHA pabOThI M TOYHOCTH 00paboTku. IloaTOMy BakHOM
Hay4YHO-TEXHUYECKOM 3a7aueii SBJISIETCA MCCIICJOBAHUE YCIOBUI UX BO3HUKHOBEHHS MPH TO-
YeHUH W 3aKOHOMEPHOCTEH MpOTeKaHWs. DTOMY BONPOCY MOCBSIIEHH MHOTHE (yHIaMEH-
TaJbHbIE TPYJAbl Takux ydeHblX, kak Kammpun AWM. [1], Kapxos WU.I'. [2], Amocos UN.C.,
Mamnxoc I'.A. [3], Coxonosckuit A.Il. [3, 4], Unenuukuit U1.U., Kynunos B.A., Ilonypaes
B.H., bapmun B.IL. [5] u ap.

[lepBbie pabOTHI, MOCBAIICHHBIE W3YYECHUIO NPUYHH BO3HUKHOBEHUS KOJICOAHHMN MPH
pe3anuu, oTHOCATCS K Hadaimy XX Beka (uccienosanus Teitnopa, Hukoncona, Cunzoy Jowu,
Kroncne u Kernepa). OqHo U3 nepBbIX 0OBSICHEHUI MPUYMHBI BOSHUKHOBEHHUS BHOpamuii 3a-
KIIFOYAJIOCh B TOM, UTO IIPU PE3aHUM CKAJIbIBAHUE KAKIOTO MOCIEAYIOIIEro 3JIEMEHTa CTPY K-
KU BBI3bIBAE€T pUTMHUECKHE KojeOaHus. Takoe ToJIKOBaHHE OCHOBaHO Ha omnbiTax Hukosncona
(oOTaunMBaHKE Ha MaJIOW CKOPOCTH LUIUHApUYECKOM 3arotoBku). [Ipuuem Teiinop [1] roso-
PUT O TOM, YTO KOJICOAaHMs BO3HHUKAIOT IPU COBMAJEHUM YACTOTHI CKAJIbIBAHUS 3JIEMEHTOB
CTPY’KKH C COOCTBEHHOH 4acTOTOM KoJieOaHuii 00padaThIBaeMOi 3arOTOBKH WM pe3lia.

B 6onee mo3gaux paboTax 000CHOBaHA HEMIPABOMEPHOCTh TAKOTO 00BsicCHEHHs. B ua-
CTHOCTH, B paboTe [1] ykazaHo, 4TO MpU OYEHb MATBIX CKOPOCTSIX 00pabOTKHU Jaxe IacTud-
HBIE MaTepUaIbl JAI0T JIEMEHTHYIO CTPYXKy. [lo3TOMy pe3ynbTaTel MOJOOHBIX OIMBITOB HE
MOTYT OBbITh IIEpEHECEHbI HA 00PabOTKy € MPaKTUUECKH NMPUMEHSIOUIMMUCA CKOPOCTAMHU pe-
3aHus. Tem Oosiee mMpakTHKa MOKa3bIBAET, YTO K BHOpammsiM Oosiee CKIOHHBI IUIACTHYHBIC
MeTaJlIbl, JAIOIIKe CIMBHYIO CTPYXKKY. [loatomy k 40-m romam XX Beka opMupyercs MHe-
HHE O TOM, YTO BHOpAaILM NPU PE3aHUU SBIAIOTCS aBTOKoJeOanmsamu [ 1-5].

CornmacHo pabote [1], aBTOKOJEOAHWSAMHU SIBIAIOTCS BHOpALUH, IOANEPKUBACMBIC
BHYTPEHHUMH CHJIAMH, BO3HHKAIOIIMMH B CaMOM Ipoliecce kosnebanus. [Ipumepom aBTOKO-
ne0aTeIbHON CUCTEMbI MOKET OBITh MasTHHK, IIOJIBELICHHBIN Ha Bpamarouemcs Baiy. [lpu
OTCYTCTBUU BHEIIHEH NMEPUOJNYECKON CHUiIbI OH OyIeT COBEpILATh HE3aTyXarollue BUOpaLUu.
T.e. B aBTOKOJ€0aTEIbHON CUCTEME COOIOAAETCS PABEHCTBO HHEPTHi: CKOJBKO YHEPIHU 3a
OJIMH NIepro/1 KoJie0aHuil pacXxoayeTcsl, CTOJIbKO U MOTJIOLIAeTCS.

Kammpun AWM. [1] nmpoBen aHAJIOTHIO MEXIY TPEHHUEM CTPYXKKH O MEPETHIOI0 IO-
BEPXHOCTh pe3lia U AT O €0 33IHIOI0 MOBEPXHOCTH C BBILIEPACCMOTPEHHOM KOJe0aTeNb-
HOM CHCTEMOH, TJie BUOpAIMU TIOIJIEPKUBAIOTCS TIEPEMEHHON CHJION, BO3HUKAIOIIECH B CBSI3U
C TaJaromIed XapakTepUCTHUKON CHubl TpeHusi. OH Ha3Bal 3TOT 3(PQeKT mepBUUHBIM BO3MY-
1ieHneM aBTokoJieOanuil. Takxke MpUUMHAMU MOSBJIEHUS U MOJAEpKaHUsI dTUX BUOpauuii OH
CUMTAET TOYEHHE MO CJIEAY M NEPEMEHHbIE CUJIbl, BOZHUKAIOLIUE MIPU PE3aHUU OT U3MEHEHMUSI
YIJIOB pe3lia, MPOUCXOIAIETro B CBA3U C KoJieOaTeabHbIM JIBUKeHUEM. OqHaKo onbIThl Phik-
koBa J[.W. [6] noka3anu, 4To BUOpaLlMK BO3HUKAIOT KaK Ha MHTEpBaJe Najaronie XxapakTepu-
CTHKHU CWJIbl pe3aHusi, TAK U Ha MHTEpBaJIC BO3PACTAIOLIEH, YTO KOPPEKTUPYET BbhIBObI Ka-
mpuHa AL

WHyto TOuKy 3peHMs Ha MPUYMHY BO3HUKHOBEHHS aBTOKOJICOAHMN NPU PE3aHUM BBI-
neuHya CokonoBckuid A.IL. [3, 4]. OH BbIBEN 3aBUCUMOCTh MEXKIY PaaudaIbHON COCTABIISIO-
el cuitbl pe3anuss AP, ¥ OTHOCUTENIBHBIMH KOJICOAHUAMHU MHCTPYMEHTA M 3aTrOTOBKH, (DU3H-

YECKHMH CMBICI KOTOPOH 3aKIIFOYAETCS B CICAYIOLIEM: PE3€Ll BPE3aeTCs B MaTepUall C MEHb-
e CHJION, YeM BBIXOAHT X Hero. OH 0OBSICHUI ATO TEM, YTO HMHCTPYMEHT BpPE3aeTCs B He-
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YOPOYHEHHBIH MaTepuaj, a BBIXOJIUT MO YHNPOYHEHHOMY. DTUM U OOBSICHSAETCS TOSBICHUE
MEPEeMEHHOW CHUITBI, TOJIepKuBatoteil konebanus. OgHako B pabore [6] mogoOHas Touka
3pEHUs MOJBEPIKEHA COMHEHUIO: «...YyTYH M KpacHas MeJb IIPAKTUUECKHU HE YNPOUHSIOTCS,
OJIHAKO BHOpanuu npu 00paboTKe ITUX METAIIIOB MOTYT JIETKO BO3HUKATHY.

AmocoB U.C. [3] onbITHBIM IyTEM OIpPENEeNWI, YTO 3arOTOBKA MPHU aBTOKOJICOAHUSIX
KosiebneTcs ¢ OOJblIel aMITTUTY0|, 4eM pesell. [Ipu 3ToM HX ABMKEHHS MPOUCXOJIAT IO
3aMKHYTOW KPUBOU U cMelleHbI 1o ¢aze (puc. 1).

Bapmun B.II. [5] pa3menun BuOparuu npu
pe3aHuy Ha JBE TPYIIbBI: BHI3BAHHBIC NMPUYMHAMH,
CBSI3aHHBIMU C PE3aHHMEM, W BBI3BAHHbIC MPUYHMHA-

-Z MU, HE CBA3aHHBIMHU ¢ pe3anueM. OH Ha3Baja BUOpa-
N\ 7 _ LIMM [IPU TOUEHUH aBTOKOJICOAHUAMM, U OTPEIEIINII
\‘ ' 3aBUCUMOCTH TIapaMeTPOB BUOpALMI MPU TOUYEHHUU
\ : U pacTayuBaHUM OT pexXUMOB pe3anusa. [lo ero
\\25 551 75 MHEHUIO, PalIOHAIBHON CXEMOW Harpy»eHus CyIl-
Vo - J /' mopTa, T.e. TAKOBOH, IPU KOTOPO# KECTKOCTh JaH-
251/ / . HOTO y3Jla MaKCUMaJIbHa, ABJIIAETCA IIPUBEICHHAs Ha
(- \ puc. 2.

75l =1 bapmun B.I1. pazpaboran pekoMeHanuu 1no
T TalleHUI0 aBTOKOJICOAHUM MPU TOUYEHUH, B YACTHO-
o CTH NPUMEHEHUE BUOpOracuTene pas3iuyHbIX TH-

MI0B, N3MEHEHNE KOHCTPYKLIMH Y3JI0B CTaHKa U T.II.
Puc. 1. TpaeKTOpHH JBHKCHHS Hekoropsle aBTOpbl Kak OJHY M3 NPUYHH
pe3La ¥ 3ar0TOBKHU [PH TOUEHNH C B030Y>KJIeHHs] BUOpalMii HAa3bIBAIOT PE3aHUE T10 Cle-
KoneGanusaM [3] Ay, T.e. 0OpabOTKy IO HEPOBHOCTSM, OCTaBHUIMMCS

OT IpEeIbIAYIIUX IPOXOI0B WK onepanuil. B cirydae
C TOUEHHUEM 3TO MOXKET OBITh pE3aHue MO CJeNy OT MpeabLIylIero o6opora (Harpumep, AJis
npopesanus). Kamupun A.U. [1] onpenensier ToueHue Mo cieAay Kak BTOPUYHOE BO3MYIIEHUE
BUOpaIHA.
Bo mHoOrux paboTax OTIe/lbHOE BHU-
MaHHE YJEISETCS MyTSAM JAeMI(UPOBAHUI U
pa3paboTKe KOHCTPYKIUI BUOpoOTacUTEseH.
bonpiioe BHUMaHWE TalICHUIO KOJIeOaHUM
ynensiercst B padore Prokkosa J[.U. [24]. On
NPOBEJI CEPUI0 IKCIIEPUMEHTOB MO U3YUEHUIO
aBTOKOJIE0AHUN TPU TMPOJOJIHHOM TOUYEHHUH.
He mpuberas x TeopeTuuyeckuMm HccCieq0Ba-
HUSIM, OH SMITMPUYECKH BBISIBUI 3aKOHOMEP-
HOCTU NPOTEKaHUs KojeOaHuil B 30HE pe3a-
HUS (KaK JIMHEHHBIX, TaK U KPYTWIHHBIX), B
YaCTHOCTH, BJIMSHHUE YTIJOB MHCTPYMEHTA,

o .
AN PEKUMOB pe3aHusi, TPEHUS U JOTOIHHUTEIb-
. HOTO TPEHHS Ha MHTEHCHBHOCTb BHOpaIMid.

;.—-Hr
PazpaboTtan pekoMeHaay 1Mo yCTpaHEHUIO
Puc. 2. Cxema pallMOHaIbHOIO Harpy-  KOJICOAHUI CHCTEMBI JI€TaIb-CYIIIIOPT 3a CYET
JKEHU cynnopra BBIOOpA ONTUMAJIBHOM TEOMETPUH, IYyTEM

IIPUMEHEHNS] BTOPOIO THAMETPAIBLHO MPOTH-
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BOIIOJIO’)KHOTO MHCTPYMEHTA, U3MEHEHHS PEKUMOB PE3aHUsI, MacChl I€TAIN U KECTKOCTU CHUC-
tembl CITM/I, a Taxke ¢ MOMOIIBI0 BUOPOTAaCUTENEH pa3IMYHBIX BUIOB.

CoBpeMeHHbIe TPE/CTABICHUS O BHOpalUAX NPU PE3aHUM MPAKTHYECKH HE OTINYa-
10TCS OT C)OPMUPOBAHHBIX B cepenuHe XX Beka. bonmbmmHCTBO paboT 3a mocienuue 40 ner
NOCBAIICHbI M3YYEHHUIO JUHAMHUKU CTAaHKOB M pa3pabOTKe ONTUMAIBHBIX MPOTHBOBHOpAIU-
OHHBIX KOHCTPYKIMH OT/IEIbHBIX Y3JIOB.

PooxoB 2.B., [lanoB H.H. u CmupnoB A.A. [26] uccienoBaiu BOIPOCH! KECTKOCTH
PaCTOYHBIX U TOKAPHBIX CTAHKOB NPHU pacTayMBaHUU. V3yumim BIMsHHE KECTKOCTH Ha BUO-
paluu mpy BbIIIEyKa3aHHOM Buzae o0paboTku. CornacHo 3KCHEepUMEHTaTbHBIM daHHbIM [la-
HoBa H.H., mpu yMeHbIIEeHUH KECTKOCTH PACTOYHBIX CKaIOK OT //d=5 no //d=7 aBTokomneOa-
HUSI IEPEXOJAT OT TAPMOHMYECKUX K peslakcallMOHHBIM. [103TOMy npy OTHOIIEHUM JJIMHBI K
JUAMETPY CKaIOK /10 5 (BKIIOYHMTENIHFHO) YacTOTa BO3HUKAIOUIMX BHOpaIMii HE 3aBUCHT OT
CKOCTHU pE€3aHus, a MPH OTHOIICHNH 7 W OoJjee MpOosBIseTCS YCTOHUMBas 3aBUCUMOCTh. Ma-
TEMaTUYeCKH BO3MOXKHOCTh TaKoro repexoja Obuia nmokasana Ban-gep-Ilonem. ITanos H.H.
BBIBEJI O€3pa3MepHYIO BEJIMYUHY & , 3aBUCAILYIO OT TapaMeTPOB pe3aHusl, 3HaUCHUE KOTOPOM

oIpeseNnseT BUJ aBTOKOJICOaHuIA:
|98 _ h, ;,
4 m(k +r)

IJ€ a - MOJIOKUTEIbHbIN Kodpduiment, B - mupuHa pe3aHus, V' - ckopocTb pe3aHus, /i, -

K02 ((DUITEHT TMHEHHOTO COTIPOTHUBIICHUS, M - Macca CHCTEMbI, kK - )KECTKOCTh CUCTEMEI, 7
- KOO PHUIIUEHT YacTOTHI BUOpAIUii.

W3 Beimeckazannoro Ilanos H.H. caenan cnenyromue BeiBoabI: «/lis ciydas BuOpa-
M TIPU PE3aHUU TIEPEXO0JT K PEIAKCAMOHHBIM aBTOKOJICOAHUSIM BO3MOXKEH 32 CUET yBEIH-
YEHUS LIMPUHBI PE3aHMsl, YMEHBIIEHUSI CKOPOCTH PE3aHUsl, YMEHBIICHUS COIIPOTUBIICHUS B
CUCTEME, YMEHBILIEHHS MACChl, YMEHBILIEHUS KECTKOCTH U T.J1.»

HecMmoTpst Ha TO, 4TO M3ydeHHIO BUOpaLuUil IpU pE3aHUM IMOCBSLIEHO JOCTAaTOYHO
00JIbILIOE KOJIMYECTBO pabOT, HET OHO3HAYHOTO OTBETA HAa TAKHE BONPOCHI, KAaK KAaKOBa MpU-
Y1Ha BO3HUKHOBEHHUSI aBTOKOJICOAHUH NPU PE3aHUM, WK [TI0OYEMY YaCTOTa BO3HUKAIOLIUX IIPU
TOYEHUM BHOpanui OJ1M3Ka K COOCTBEHHOM 4acTOTe pe3la WiK 3aroToBku. Ha coBpemenHOM
JTane Bce 0oJiee aKTyalbHbIM CTAHOBHUTCS PAacCMOTPEHHE MPOLECCa PE3aHUs CO CTOPOHBI
IUIACTUIECKUX nedopMarmii. B aTom HampasieHnrn 0co00T0 BHUMAHUS 3aCITyKUBAIOT PaOOTHI
Boponnosa A.JI., KoTopble, ONUpasiCh HA HOBYIO TEOPHIO PE3aHMsI, HAXOAALLYIOCS B COOTBET-
CTBHH C MEXaHHKOW JIeOPMHUPYEMOTO TBEPAOTO Telld, BO3MOXKHO, CIIOCOOHBI JIaTh HOBBIH
TOJYOK MCCIICAOBAHUIO IPUYHH U 3aKOHOMEPHOCTEH TAKOTO CIOXKHOTO (PU3NIECKOTO TpoIiec-
ca, KaK aBTOKOJie0aHUs [IPU Pe3aHuu.

Cnucok qutepatypbl: 1. Kammpun A. U. UccnenoBanue BuOpammii mpu pe3aHuu
metama / A. . Kanmpun. - M.-JI.: Usn-Bo AH CCCP, 1944. — 133 c. 2. XXapkos W.I". Bu6-
pauuu pu 00padoTKe JIe3BUHHBIM UHCTpyMeHTOM. — JI.: Mammnoctpoenue. JIeHnHrpaackoe
ota-Hue, 1986. — 184 c.: mn. 3. TouHOCTH MexaHMYECKON OOpaOOTKH M MyTH €€ MOBbIIIEe-
nusi/mon pen. A.Il. CoxonoBckoro. — Mocksa (JIenunrpan): Mamrus, 1951. — 487 c. 4. Coko-
noBckuid A.Il. XKectkocTh B TexHOJIOTHM MamHOCTpoeHus. — M.-JI.: Mamrus, 1946. — 206 c.
5. bapmun B.I1. Bubpauuu u pexxumsl pesanus/b.I1. bapmun. — M.: Mamunoctpoenue, 1972.
— 71 c. 6. PeoxxoB /I.M. BuOpauuu npu pe3aHud METaJIOB U METOJIbl UX yCTpaHeHus. — M.,
Mamrus, 1961. — 172 ¢. 7. XKecTkocTb, TOUHOCTh ¥ BUOpAIMH MPU MEXAHUUECKON 00padboT-
ke/mon pexa. B.A. Ckaprana. — M.-JI., Mamrus, 1956. — 194 c.
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OBOCHOBAHME ITPEJIEJIBHOI'O YPOBHSA N3HOCA PE3LHOBOI'O
HUHCTPYMEHTA IPOXOTYECKOI'O KOMBAWHA KIIJ]

MladaeB O.E., Teipteiunstii C.B. (kageopa I'M, [JonHTY, [Joneyk, Yxpauna)

OCHOBOM TOIIMBHO-?)HEPIE€TUYECKOTO KOMIUIEKCA YKpPauHbl SIBISIETCSI KaMEHHBIN
yroJjib, pa3BeJaHHbIE 3alachl KOTOPOTo oueHuBatorcs B 110 mapa. 1.

CoBpemMeHHas TeHACHIMA T00BIYH YISl Ha YKpauHe, a TAKKE B APYTHX TEXHOJIOTHYe-
CKM Pa3BHUTHIX yTJEJOOBIBAIONINX CTPaHaX XapaKTEPH3YETCs BCEBO3pacTalouleil HHTEHCU(U-
Kalueil Harpy3ku Ha jaBy. OTe4eCTBEHHbIE MEXAHU3UPOBAHHBIE OUMCTHBIE KOMILIEKCHI HOBO-
r0 TEXHUYECKOTO YPOBHSI 00ECIeYrBalOT BO3MOKHOCTh POCTA HArpy3Ku Ha JlaBy 110 2-X U 00-
Jiee ThICSAY TOHH B CYTKH.

OnHuM U3 (akToOpoB, HaHOOJIEe CACPIKUBAIOIINX POCT HArPy3KU HA COBPEMEHHBIE J10-
OBIYHBIE KOMIUIEKCHI, SIBJSIETCS OTCTAaBaHHE B MOATOTOBKE HOBOTO (PpPOHTA OYHCTHBIX PaboT.
Ota 3amava peaqbHO BBHIMOJHUMA MPU MPOXOJKE TOPHBIX BbIpaboTok ¢ Temmamu 400-600
M/Mecs1L.

Takue TeMITbl TPOXOJIKHA MOXKET 00eCHeYuTh TOJIKO KOMOAHHOBasi TEXHOJIOTHS TPO-
BEJICHUS BBIPAOOTOK, KOTOpas HanOoJiee MOJHO OTBEYAeT TPEOOBAHMAM SKOHOMHUYECKOH 3¢h-
(EeKTHBHOCTH TOPHO-TIOITOTOBUTEIBHBIX PadoT.

B nactosmee Bpemst Bce Ooiee IIMPOKOE MPUMEHEHHE Ha MIaXTax YKpauHbI U 32 Py-
0€XOM MOJTy4JaloT MPOXOAYECKHe KOMOANHBI CO CTPENOBHIHBIM HCIIOJHUTEIBHBIM OPTaHOM,
OCHAIIIEHHbIE KOPOHKaMH Pa3IMYHON KOH(UTYparuu.

[Ipunaraemble B ocieHee BpeMsl yCHUIIMSI, HalIpaBJI€HHbIE HA MHTEHCU(UKAIMIO MIPO-
XOXKICHUSI TOPHBIX BBIPAOOTOK, a TaKXke JajbHeiee pacumpeHue o0JacTH MPUMEHEHHs
NPOXOAYECKUX KOMOAHOB M30MpaTENbHOTO JACUCTBHSI HA 3a00M C MOBBIIICHHBIMH MOKa3aTe-
JsIMU a0pa3MBHOCTU U IPOYHOCTH FOPHBIX NOPOJI, OOYCIIOBIMBAIOT CYIECTBEHHOE BO3pacTa-
HHUE Harpy»XEHHOCTH MCIIOJIHUTEIBHOIO OpraHa, a B YaCTHOCTHU €r0 PEKYIIEro HHCTPyMEHTA.

W3 npakTukyu NpoXOJKH M3BECTHO, YTO BBIXOJ U3 CTPOs paboO4yero MHCTPYMEHTa B
cpenneM coctasiser 7-10 pe3uos B cyTku. Kpome Ttoro, pabota ¢ 3aTyIJIEHHBIM HHCTPYMEH-
TOM BEJIET K MOBBILIEHHOH 3arpyKEHHOCTbIO CUJIOBBIX CUCTEM KOMOaiiHa M MpuBOJa HUCIIOJ-
HHUTEJIBHOTO OpPTaHa, YTO SIBJISACTCS CACP KUBAIOIIMM (DaKTOPOM sl AajbHEHIe nHTeHCH(H-
Kallu¥ TEMIIOB IPOX0K/I€HUS] TOPHBIX BHIPAOOTOK.

Hcxons u3 BeIIECKa3aHHOTO, MOYKHO CIIENIATh BBIBOJ O TOM, YTO CYIIECTBYET MOTPEO-
HOCTb OTCJIE)KMBATh IPAHMYHOE COCTOSIHUE PEXKYIIEro MHCTPYMEHTA, JJIi PalUOHAIbHOTO
UCTIOJIb30BAHMS PECypca MAIIMHBL, U JIJIs1 00ECTICYeHUST 3aJaHHON IPOW3BOIUTEIBHOCTH.

Bonpocom 060cHOBaHMST KPUTEPHEB U3HOCA PE3IIOB MOCBSINEHBI TPYIbl MHOTHX y4e-
HbIX. Tak aBTOpHI cTaThy [1]. mpeacTaBuiM 3aBUCUMOCTH MTHOBEHHOMW IJIOLIAJAKU KOHTAKTa
(mIomiankM 3aTyIUIeHMs ) pe3lia ¢ pa3pyllaeMblM MacCUBOM OT M3HOCA pe3la Mo JJIMHE NpHU
Pa3IUYHBIX 3HAYEHUSIX TOJIIIMHBI CTPYKKHU. BiusHue M3HOCa pe3loB Ha CUJIbI pe3aHus MOJ-
poOHO m3ydanock B padote [2]. B padote [3] mpeacraBieHbl pe3ynbTaThl KOTOPBIE HE MPOTH-
BOpEYaT NPEJIOJIOKEHUIO O TOM, UTO NEPEU3HOLLIEHHbBIE PEe3lbl HAXOSATCS B COCTOSIHUM TIpe-
JIEJIbHOTO 3aTyIUIEHUs], IPU KOTOPBIX HE MPOUCXOIUT CYIIECTBEHHOTO BO3pACTaHUsl Harpy30K.
B mecte ¢ TeM B 3TUX M APYTUX U3BECTHBIX HaM paboTax HE MCCIEI0BaJOCh BIUSHUS CTEle-
HU 3aTyIUIEHUsl Pe3LO0B Ha (OPMHUPOBAHMS HArpy30K Ha MCIIOJHUTEIBHOM OpraHe mpoxoye-
CKOro KoM0OaiiHa M Takxe OO0OCHOBaHMsI JOMYCTUMOW BEIMYMHBI M3HOCA NIl OOEecreyeHUst
TEXHUKO-9)KOHOMHUYECKUX TOKa3aTesiell OrOBOPEHHBIX TEXHUYECKHM 3a/laHMEM Ha KOHKpET-
HYIO0 MallluHy.
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Takum 006pasom, Hebi0 paboThI SIBISIETCS ONPE/ICIEHHE TIPEIETBHON CTENEHH 3aTy -
JNeHnst paboyuero MHCTPYMEHTA, 00ECTIeUMBAIOIIMH TPEOyEMYIO TI0 TEXHHYECKOMY YCIIOBHIO
TEOPETUIECKY IO POU3BOUTENLHOCTD.

JIyst OLICHKY BIIMSIHUE HATPY3KH Ha MCIIOJHUTEIBHOM OpPTaHe MPOX0I4eCcKOro KoMoaii-
Ha B 3aBUCUMOCTH OT CTCTICHU 3aTYIJICHUA paGOLIeFO HHCTPYMCHTA UCIIOJIb30BaJIaCh MaTcMa-
TUYCCKaA MOACJIb BCKTOPAa BHCIIHETO BOSMYIICHUA HAa aKCHAJIbHYIO KOPOHKY IPOXOAYCCKOTO
koMOaiiHa [4]:
FX ,; =PX PY PZpifgy ;
EY i =PXpingy PYpjngy PZpingy

FZyi =PXpi Ry, PYpiny, —PZ

yz ni‘fzz >

ni Bxx Lni Nyx I,
ni

M pi Zyj 13
= Mo FXy = DFXi:FY= Y FY B2 ) EZ ;
i i i i
n :1,N_n

[ Fxn £X,5Fyy =FY, F,y EZ M, =M,;
k=[N 51

kKp =% Ny /N,

n =1,K 1

[j=N 5k ¢n
| Fxn Fxn FX 3y =Fyp +FYj By = Bt FZ M= M+ N /

n=x pl,N

[Fxn Fxn Xy Eyn=FyntFYy «iFor Fod FZy o |
My My, My

1

M = E/l IN ;F= F XX /N 'FZ =Fyn/Np; By = B/ Ny
n

max
M = maxli/[M; _ max qu! 'kF: ZGHW(%EI )

’

K z

Q=Vp X “hi n
i

WcxonHbIMU TaHHBIMU OIIpENIETIeHNs] BEKTOPAa BHEIIHETO BO3MYLIEHHUS, (POPMUPYEMO-
ro Ha aKCHAJIBHOM KOPOHKE IIPU pa3pyLICHUM MAaCCHBA, SBIIETCS: BEKTOpP NapaMeTpoOB pas-
pyLICHHS MacCHBa pe3namu JIOTIACTH KOPOHKH

Yp ni ={hyi. tyi, Aayni > Aaxni sNxpi>Nypi>Nzp,1=LN;,n=1LN,},
BCKTOPD COCTaBJIAOIIUX YCI/IJ-H/Iﬁ pe3anuda Ha pe3nax JJonnactu
P, . ={PX,;,PY,;,PZ,,i=1,N;,n=1N,}; IpH ncie 1onacteil Ha KOPOHKe N3.

[Ipu n3BecTHON BenuuuHE M (HOMeEpa MPOCIOKa pa3pylIaeMOro pe3loM) 3HA4EeHUs
COCTaBIMIOIIMX YCWIMH pe3aHus Ha pe3lax ONpeAesIIoTCS 10  3aBUCHUMOCTSAM:

PX =fx, (Y, );PY =f,(Y, ) PZ =fz,(Y,,),
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rae: PX ,PY ,PZ - COOTBETCTBEHHO OO0KOBOE yCHJIHe, CUJIA TI0JIaYU U CUJIa Pe3aHus
Ha 1-TOM pe3le JOMacTH MpPU N-TOM T[OJIOXKEHUM KOPOHKH II0 YTy €€ TOBOpOTa;
FX,.FY,,
peslax JIONmacTH, B CUCTEME KOOPAUHAT KOPOHKH MPU €€ N-OM TMOJI0KEHHUH T0 YTITy MOBOPOTA;
(nxx’nxy’nxz ),(n yx,nyy,nyz),(nzx,nzy,nzz)- COCTaBJISIOIINE €IUHUYHBIX BEKTOPOB, COOTBETCT-

FZ - cocrapismonye ycwiui paspyuieHus maccuBa Pp,., GopMHpyeMbIX Ha

ni?

BEHHO, Nx,nyun:; M), FX, ,FY ,FZ - BEKTOp BHEIIHET0 BO3MYILICHHMS, ACHCTBYIONIMHA Ha
KOPOHKY (IIpH €€ N-OM IOJIOKEHHUH I10 YTy IOBOPOTA) OT YCWIMM pa3pylLIeHUs] MacCUBa pe3-
L[aMU JIONIACTH, KOMIIOHEHTAaMH KOTOPOTO SIBJIAIOTCS MOMEHT COIPOTHUBIIEHUS U COCTaBIIAIO-
11as TJIaBHOTO BEKTOPA BHEIIHMX CHJI C CUCTEME KOOPAMHAT KOpoHKH;, M, F ,F , - BEK-

xn?" yn?" z
TOP BHEIIHEr0 BO3MYULIEHUS OT pa3pylIaéMOro MacCuBa, JEHCTBYIOIIMI HA KOPOHKY B N-TOM
nonoxenun; M, F ,F ,F - cpennsas BEIMYUHA COCTABIIAIONIMX BEKTOPA BHEIIHETO BO3MYIIIE-

yo otz
HUS, JCWCTBYIOIIEr0 Ha KOPOHKY OT pa3pyllaeMOoro MacCHBa 3a OJUH ee 000poT;
kM ,kF,kF,,kF.- x03(puuueHTbl HEPABHOMEPHOCTH COCTABIISIOLIMX BEKTOpPA BHEIIHETO

BO3MYIICHUS, ICHCTBYIOMIET0 Ha KOPOHKY; vy - CKOPOCTH MOJA4H HCIIOJHUTEIBHOTO OpraHa
Ha 3a00H; }, . - TOJIIMHA CPE3a €AMHUYHBIM PE3LOM; ; . - INMPHHA CPE3a €IMHUYHOM pE3-
ni ni

IIOM.

Moienb Mo3BOJIAET ONPENEIUTh TapaMeTphbl BEKTOPA BHEIIHETO BO3MYIIEHUS B 3aBH-
CHUMOCTH OT YCWINSI (JOPMHUPYIOIIEMCSI Ha €IWHHYHOM pe3Ie H TEOPETUIECKYIO0 POU3BOIHU-
TEJIbHOCTh KOMOaiiHa.

B kauectBe 00BeKTa HMccieqOBaHMS OBUI TPUHAT HawOoJiee SPKUM IMPEICTaBUTENb
NPOXOAYECKUX KoMOaiiHOB m3buparenpHoro neicteus komOaitn KI1/1, pabounm uHCTpYMEH-
TOM KOTOpOTO siBiisieTcs pesen P32-70.

st onpenenenus cuil Ha eIMHUYHOM pesie turna P32-70 6bUtn MCTIOIb30BaHbl 3aBU-

3aBHCHMOCTb YCHNI! O NNOLAZKH SaBHCHNOCTb YCHHH OT RNOLL3AKH
3aTyNeHNH Ha pealie 3ATYNEHHA Ha peaLie

A
=

~+(ina pexanin

o -+ BoogaA ona

- v

/ ~+Cina pesanim
—— L
o - B0K08aA 0na

Yocurnune, kH
= o
-
3

Yournme, kH

D et oD Cad o O O3 ] O D
L

0 0n 20 % & 0 0 0 N 4
§, ' §,m'

a) 0)

Puc.1. 3aBucumocts ycuinmii Ha pe3nax OT IUIOLIAJKM 3aTyIUIEHUs Ha pesle (2 — 3aBHCHU-

MOCTB OJIVUEHHAS dYKCIEPUMEHTAIBLHO, 0 — 110 hopmyie OCT
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cumoctu OCTa [5] u sKcriepuMeHTaIbHO TIOJyYeHHAs! 3aBUCHMOCTh OTIHCaHHbBIE B padoTe [2].
BnusiHue miomanky 3aTyIuIeHUs HAa YCWIME Ha €AMHUYHOM pe3lie MPEeACTaBIEHO Ha puc.l.
OTH 3aBUCUMOCTH YYHTHIBAIM BIMSHUE BEITMUMUHBI U3HOCA pabOYero MHCTPYMEHTa (TLIOMIA -
Ky 3aTyIUICHHs1) HAa COCTaBIISIOIME Harpy3KH.

[Ipoanamm3upoBaB rpaduKy 3aBUCUMOCTH TIJIOMIAAKU 3aTYIUICHUS Ha CUIBI (HOpMU-
pyeMbIe Ha IUHUYHOM pe3lie, N300paKCHHBIX Ha PUC. 1, MOXKHO C/IEJIaTh BBIBOJ, YTO CHIIBI
pe3aHus ¥ Mojadu BO3paCTalOT M0 JUHEWMHOW 3aBUCUMOCTH MPH YBEIWYEHUU TUIOIIAJIKHU 3a-
TyIIeHHs pe3na. Y BeIndeHue MIOMAIKN 3aTyIeHus 10 40 my’ TIPUBOIUT K POCTY YCHIIHIA
pe3anus u 60okoBbIX ycummii B 10-10,5 pa3 o dopmyrie skcriepumenTta u B 6-7 pa3 mo dop-
mysne OCTa mna kpenoctu nopoasl o, =100MIla .

Teopernyeckas MPOU3BOIUTEILHOCTD POXOIECKOTO KOMOaHa siBsieTcsl (hyHKIUEH
CIICYIONINX MapaMeTpoB: TiryOuHa 3apyOku B , mara ¢pesepoBanus AH W CKOPOCTb MOgauu
Vp . CornacHo pa3paboTaHHOMY IJIaHy BBIMUCIUTEIBHBIX dKCIICPUMEHTOB 3HAYCHHUS] MaKCH-
MaJIBHBIX MPOU3BOIUTEIHLHOCTEN KOMOaHA ISl pa3IMYHBIX KPETOCTEeH pa3pyniaeMoro Mare-
pHana onpeeNsIoCh IyTEM BapbUPOBAHUS MTapaMETPOB ITyOWHBI 3apyOku B, mara ¢pese-
poBanuss AH wu ckopocTtu noaauu Vp

O(B,AH ,Vp) — max
C YYETOM 3aTyIUIEHOCTH pab0vero HHCTPYMEHTA ¥ MPHHSATHIX OrPaHUYCHUN:
-110 YCTOWYMBOMY MOMEHTY TIPUBOJIHOTO DJIEKTPOIBUTATEIIS
M <My ;
-110 TIPEJEIbHOMY JIaBJICHHUIO B THAPOLMIIMHAPAX IOBOPOTA UCTIOIHUTEIBHOTO OpraHa
P < Pnk.

I'me My — yCTOHYMBBII MOMEHT IPUBOJHOTO AJIEKTPOJABUraTENs MPUBOJA UCIIOIHM-
TEJBHOTO OpraHa;

Prik — nmaBneHre HACTPOWKH MPETOXPAHUTEIBHOTO KIIAllaHa THAPOLMIMHAPOB IIOBOPO-
Ta WCIIOJTHUTETFHOTO OpraHa KoMOaiHa.

PesynpraTel MOAenMpoBaHusa A Kpemnoctu noponsl o, . =100M[la wncnonHuTesb-
HBIM OpTaHoM mpoxoaueckoro komoaitHa KIIJ] ocnamennsim pesnamu P32-70 npeacraBieHsl
Ha puc.2 u puc.3.

T'padEK 3aBHCHMOCTH MAKCHMAJILHOH NPOH3BOJHTEILHOCTH
KOMOalHA 0T CTEeNeHH 3aTYIIeHHs pabodero HHCTPYMeHTAa

—— [ padim 3aEHCIMOCTH
MAKCHMATEHO
TIPOHZEQIHTEIBHOCTH 0T

TUTOLIATEN 3aTYTUIEHHA Ha pesiax
e Orparnmerite mo 13

Q Tumnu

10 20 30 40

S mm

Puc.2. I'paduk 3aBUCEMOCTH MaKCUMAIIBHOH TPOU3BOIUTEIILHOCTH TIPOXO0TIECKOTO
komOaitaa KI1JI ot rutomanku 3atynienus Ha pe3nax (OCT)
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I'paduk 3aBHCHMOCTH MAKCHMAJILHOH MPOH3BOIHTETLHOCTH
KoMOAaHHA OT 3aTVIJIeHUs padovero HHCTPYMEHTA

052
047
042
0.37
T
: 0.32 =—p=T"padiHK 32ENCHMOCTI
B 027 MAKCHMATBH O
o U
TIPOIEEONMTENEHOCTH OT
0.22 TITOLTATE 38 SHIIA HA peslat
—Dr'pammemi?g?TE P
07
012
0.07
0.02
10 20 30 40
S mm

Puc. 3. I'paduk 3aBUCHMOCTH MaKCHMAaJILHOW MPOU3BOAUTEIHLHOCTH MPOXOTIECKOTO
koMmOaitaa KI1/] ot rutommaaku 3aTyTuieHus Ha pesnax (Gpopmyia skcriepuMeHTa)

BwMmecte ¢ Tem B TexHMUeckoM ycnoBur Ha komOaita KI1J] nanel 3HaueHus TpedyemMbIx
TEOPETUYECKUX IPOU3BOJUTEIBHOCTEH B 3aBUCUMOCTH OT KPENOCTH pa3pylIaeMOro Mmarte-
puana npeacTaBieHsl B Tabnuie 1. U moka3aHbl HA pUC.2 U pUC.3 TOPU3OHTAIBHBIMHE JIMHUS-
MHU.

Tabymna 1: TpeboBaHus K POU3BOIUTEIEHOCTH MPoXoaueckoro kombaitaa KIT]]

3HaueHue npo-
Kpemnocts pa3pyimaeMbix mopo,1 U3BOJIUTEILHOCTH
M’/ mun

o, <100Mlla 0,3
- TI0 TIOpOJIe ~

o..<80Mlla 0,35
- TI0 TIOPOJIe

o, <60Mlla 1
-TI0 TIOPOAE ~ <

AHaNM3 NOJTyYeHHBIX Pe3yJbTaToB (pUC.2 U pHC.3) TOKA3BIBAET, YTO I 00eCIIeueHHs
OTOBOPEHHOM B TEXHUYECKOM YCJIOBHM TEOPETUUECKOW (MHHYTHOW) MPOU3BOAMTEIBHOCTH
npoxoaueckoro kombaiiHa KI1/1, ocramenHoro pesnamu tuna P32-70, npenensHbM ypoOBHEM
M3HOCA PEXYIIEro MHCTPYMEHTa SBIISIETCS 3HAYeHHE IUIOIIAJKU 3aTyIUIeHHe mnopsnaka 25-
35 mm® . TIpu 5ToM Gomnblee 3HAYEHHE HEOOXOAMMO MPMHMMATH [JI PAa3PYIIEHHS TOPHOTO
MaccHBa ¢ MEHee KPEeNKHUMU MOPOJIaMHu.

Taxum 00pa3oM, JUJIsl OLIEHKH MPEENIbHOTO YPOBHS M3HOCA PE3LI0OBOTO MHCTPYMEHTA
MPOXOAYECKOTO KOMOaifHa B o0mIeM ciry4ae HEOOXOAMMO YUYHUTHIBATH CIEAYIOIIUE MapaMeT-
pel: popMy W THI MCHOJHUTEIHHOTO OpTaHa MPOXOJYECKOTO KoMOaiHa, KpemocTh pas3py-
[IaeMBIX TIOPOJI; TUI PEXKYIIEro MHCTPYMEHTa, TEXHUYECKOe yCIOBUEe Ha KoMOaitH. Hampas-
JICHHEM JaJbHEHIINX HCCIEOBAHUM SABISIETCS OOOCHOBAHME KPUTEPHEB IUIS JHATHOCTHKH
CTEIEHN M3HOCA PEXKYILEro MHCTPYMEHTA M ONPEICIICHUE BPEMEHHU €ro 3aMEHBbl Ha OCHOBE
MEXaTPOHHOW KOHIETIIUU CO3/IaHuUs MTPOXOTIECKUX KOMOAWHOB.
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