Ha yBenmueHHOM HM300pa)K€HUH OMOPHI MOJI MaJiel] ¢ MoJieM HAIMpsKeHUH B I[BETE OT-
YEeTIUBO BUAHA 00JIACTh KPACHOTO I[BETA (paCTmKeHHe) Ha BHYTpPEHHEHN 4acTu OMophI U B paii-
OHE KOHTaKTa C peOpOM >KECTKOCTH U 00-
JacTh TEMHO-CHHEro IBeTa (CkaTue) Ha
IIPOTUBOIOJIOKHON CTOPOHE OIOPHI.

Ha ycpenneHHOM mojie HampshKeHUH
6e3 cerku (puc. 11) BUAHO, YTO yroJ masa
TaKXXe MCIBITHIBACT Ae(opMaIuio pacTsike-
HUS, TPEBBILIAIOUIYIO CpEeIHUE 3HAYEHUs,
TaKk 4TO MOXHO PEKOMEH/I0BaTh KOHCTPYK-
TUBHO M3MEHHUTHh (opMy mMasza, clenaB, Ha-

IpUMep BBITOUKY B YINy, 4TOOBI yOpaTh
KOHIIEHTPATOP HANPSHKEHUH B 3TUX TOYKAX.
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OKCNEPUMEHTAJIIbHAA YCTAHOBKA ANA ACCNEOOBAHUA
NMPOLEECCA ®PE3EPOBAHUA OPEBECUHbI U APEBECHbIX
MATEPUAIOB

I'pumikeBu4 A.A., AHuUKeeHKO A.D. (BI'TY, 2. Munck, Pb)
dosy(@bstu.unibel.by

EXPERIMENTAL INSTALLATION FOR RESEARCH of MILLING
PROCESS OF WOOD And OTHER MATERIALS

DOKCIEPUMEHT SIBJISIETCS TJIABHBIM OPYAMEM HAy4YHOT'O METO]Ia MO3HAHUS, Ha KOTOPOM
OCHOBBIBAaeTCs Hayka. JIMIIb SKCIEPUMEHT, MAIOIIMI MOBTOPSIOMIUECS PE3yJbTaThl M TOI-
JAIOIIHICS BOCIIPOM3BEICHUIO PAa3HBIMU UCCIIEI0OBAHUSIMU, MTO3BOJISIET YCTAHOBUTH WUJIU TOJ-
TBEPAUTH HAYUHYIO UCTHUHY.
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DOKCIEPUMEHT TPEACTABISIET COOOM CHCTEMY OIlepaliid, BO3JACHCTBUN U HaOII01e-
HUM, HAITPABJICHHBIX Ha MOJIyYeHHE TIEPBUYHON HMH(POpMAIn 006 0OBEKTE UCCIICTOBAHMS.

DKCIepUMEHT BKIIIOUAET B ceOs psAll OMBITOB, MPOBEACHHBIX MO OMPEAEIEHHONW METO-
JUKE C OMpPENEICHHBIM YPOBHEM TOUYHOCTH BOCHPOU3BEICHUS HCCIEAYEMOTO SIBICHUS WM
dakTopa. YCI0BUS OMBITOB ONPEAETSIOTCS YPOBHAMU (PAaKTOPOB, WM 3HAYCHHUSIMH HE3aBU-
CUMBIX HGpCMGHHLIX BCIWYHUH X1, X2, X3i...Xp, IIO HpC,Z[HOJIO)KeHI/IIO BIINAOIINX HA 06’beKT Huc-
CJICOAOBAHUSI. B pe3yHLTaTe HpOBeI[eHI/ISI BKCHepI/IMeHTa yCTaHaBJ'II/IBaeTCSI 3HAa4YCHUC OTKJIUKA,
VI TICPEMEHHOM Yy, KOTOpast 3aBUCUT OT MPUHATHIX B IKCIIEpUMEHTe PakTopoB. B pesynpra-
T€ pealin3alii KCIEPUMEHTA OMPEEISIETCS 3aBUCUMOCTh MAaTEMAaTHUYE€CKOTO OXKUJAHUS OT-
KJIMKa OT ()aKTOPOB — PYHKIINS OTKIIMKA:

Yy
E ; :77:f(xl’x29x39“'9xn;®1’®2’®3""’®m)’

rie 0, 0, 0s,...,0, — napamMeTpsl MoACTH. [ eoOMeTpUIEeCcKOe MPEICTaBICHHE (PYHKIIHH
OTKJIMKA Ha3bIBAETCSI TOBEPXHOCTHIO OTKIIMKA.

LIame BCECTO BKCHepI/IMeHT HpOBOI[ﬂT JUIA pCI_HeHI/ISI O,Z[HOI>’I n3 ABYX OCHOBHBIX 3aJ1a4.
[TepByro 3amady Ha3BIBAIOT dKCTpeMalbHOW. OHA 3aKITI0YAETCS B OTHICKAHUM YCIIOBHH MPO-
1ecca, 00ECIeYMBAIONINX MOJyYCHHUE ONTHMAIBHOTO 3HAYCHHUS BBIOPAHHOTO TapaMeTpa.
[Tpu3HAKOM SKCTPEMATBHBIX 3aJ1ad SBJSCTCS TPeOOBAHHME TOWCKA 3KCTpEMyMma HEKOTOPOH
¢bynkuu. VccitenoBanus, KOTOPbIE MPOBOJAT JUTSl PEIICHUS 3a/1a4 ONTHMH3AIHH, HAa3bIBAIOT
JKCTpeMallbHBIMH. BTOpyI0 3a/1auy Ha3bIBalOT MHTEPIONAIMOHHONW. OHA COCTOUT B MOCTPOE-
HUM HHTEPIOJSAIUOHHONW (DOPMYIIBI IS TPEICKa3aHUi 3HAUYCHUH M3ydaeMoro mnapamerpa,
3aBHCANIET0 OT psaa (akropoB. Iy pemieHHs SKCTPEMAIbHOW WM WHTEPHOJSIIMOHHON
3a/1a4i HE0OXOUMO UMETh MaTEeMaTUYECKYI0 MOJIETh UCCIIeyeMOoro o0bekTa. MoJenb 00b-
CKTa HOJ'Iy‘IaIOT, I/ICHOHBS}/}I JaHHBIC, HOJIy‘-IeHHBIC B pe3yHLTaTe 3KCHepI/IMeHTOB. HpI/I HC-
CJIeTOBaHUKM MHOTO(AKTOPHOTO mporecca (KaKUM SBISICTCS TPOIECC PE3aHUs TPEBECHHBI U
I[peBCCHI)IX MaTepI/IaHOB) IIOCTAHOBKA BCEX BO3MOKHBIX OIIBITOB IJIA HOJ'Iy‘-IeHI/Iﬂ MaTeMaTH-
YECKOW MOJICIH CBS3aHA C O'POMHOM TPYJIOEMKOCTBIO IKCIIEPUMEHTA, TaK KaK YHCIO BCEX
BO3MOKHBIX OITBITOB OYEHb BETHKO.

Hanpumep, cienyer yCTaHOBUTH 3aBUCUMOCTh KAacaTebHOW CHIIBI PE3aHUsl OT Clie-
Oyromux (hakTopoB: yria pe3aHus O, TOMIIMHBI CHUMAEMOTO CJIOS h ¥ TOJIIMHBI CTPYXKKH a.
[Tpumem cnemyromue 3HayeHus O = 3; h = 5; a = 5; yncno noBropoB B onbitax k = 10. Torna
00111€€ YKCIIO ONBITOB:

n=06-h-a-k =3-5-5-10 = 750.

3aﬂaqa HJIaHI/IpOBaHI/IH 3KCHepI/IMeHTa COCTOUT B yCTaHOBJIeHI/II/I MHUHHUMAJIBHO HGO6-
XOOAUMOI'0 4yuciia OIIBITOB U YCJ'IOBI/II\/JI nux HpOBCZ[GHI/Iﬂ, B BI)I60p€ MCTOO0B MaTeMaTHHCCKOﬁ
00paboTKH Pe3yIbTaTOB IKCIIEPUMEHTA U TIPUHSATHU PEIICHUM.

B cOOTBEeTCTBHHM C TCHICHITUSAMH Pa3BUTHS COBPEMEHHOW HAYKH B METOOJOTHH TIPH-
HATBI CUCTEMHBIH M BEPOSATHOCTHO-CTATUCTUYCCKHM IMOAXOJbI K HCCIICIOBAHHMIO MPOIIECCOB
pe3aHus IPEBECHHBI U APEBECHBIX MaTepraioB. OO0OIIEHHBIN MTPOIIECC Pe3aHus MAaTEPHUAJIOB
paccMaTpuBaeTCs Kak JIMHAMUYECKas CUCTEMa, a COBOKYITHOCTH BXOJHBIX IEPEMEHHBIX U
BBIXOJIHBIX MapaMETPOB — KaK MHOTOMEPHBIC CIIy4alHbIe TpoIecchl. Takoil Mmoaxoa mpen-
CTaBJIACTCA HepCHeKTI/IBHBIM BBUY HMHTCHCHUBHOI'O pa3BI/ITI/I$I TeOpI/II/I MHOI‘OMepHBIX cnyqaﬁ-
HBIX TPOLIECCOB U alMapaTypHOTO M3MEPEHUs WX XapaKTEPHCTUK TOCPEICTBOM MHOTOKa-
HAJIBHBIX CTATUCTHUYCCKUX aHaJ'II/BaTOpOB.
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Taxum o6pazom, Ui NoayYeHUs] HEOOXOIUMBIX U JIOCTOBEPHBIX JaHHBIX O MpPOIECcCe
pe3aHus He00X0JMMO UMETh KCIIEPUMEHTAIBHYIO YCTAHOBKY.

DKcrepuMeHTallbHAsL YCTAaHOBKA BOCIIPOU3BOIUT MPOLIECC Pe3aHUs MaTepuasioB B 3a-
JTAHHBIX YCIOBUSAX U BbIJAET MEPBUYHYIO MH(OPMALIMIO O MapamMeTpax Impoiecca B yA0OHOM
it nemupupoBaHus BUTE.

DKCIepUMEHTAIILHBIC YCTAHOBKH JUISI UCCIICIOBAHMS MPOIIECCOB PE3aHUs IPEBECUHBI
Y IPEBECHBIX MaTEPUATIOB MOKHO KIaCCH(PHUIIMPOBATH O CIEAYIOIMNM PU3HAKAM:

a) 0OILIHOCTHU UCCle0BaHMsl (YHUBEPCAIbHbIE U CIELIMAIN3UPOBAHHBIE);

0) ATUTETHFHOCTH HUCIOIB30BaHUs (TIOCTOSHHO JCHCTBYIOIIME M PAa30BOT0O MCIIOJIB30-
BaHUA);

B) THITY U3MEPHUTEIHLHOW CUCTEMBI (IICHTPATM30BAHHBIC 1 HHIUBUAYaTbHBIC).

Ha xadenpe nepeBooOpabaThiBaronuX CTAaHKOB U MHCTPYMEHTOB pa3paboTaHa, U3To-
TOBJICHA W TIPUBEJICHA B pabodee COCTOSTHUE IKCIIEPUMEHTaIbHasl yCTaHOBKA [1] mist uccre-
JIOBAHUS YCWJIMHA PE3aHus U IIEPOXOBATOCTH 0O0pabOTaHHOM MOBEPXHOCTH TpH (ppe3epoBa-
HUU ¥ IUJICHUH IPEBECUHBI U IPEBECHBIX MAaTEPUAIOB.

Tak kak apeBecuHa - Marepuall, HE 0OJaJaOUIUil CIUIOMIHON U OJHOPOIHON CTPYK-
TypOii, TO IPUMEHEHHE K CO3JaHUIO0 TEOPETUYECKUX OCHOB PE3aHUsl JPEBECHHBI 3aKOHOB U
(dhopMyI TEOpUU YIPYTOCTH U TUIACTUYHOCTH 0€3 IKCIIEPUMEHTAIBHBIX TAHHBIX HE MPEICTaB-
JsieTCsl BO3MOXKHBIM. TpyaHOCTH, BCTpeUaronpecs Ha MyTH 1O TEOPETUIECKOMY OOOCHOBa-
HUIO 3aKOHOMEPHOCTEN pe3aHusl JPEBECHHBI, 3aCTaBUJIM BOCIIOJIHUTH 3TOT MPOOEN IKCIEpU-
MEHTAJIBHBIMU HCCIICOBAHUSIMU.

3a CpaBHHUTEIHHO KOPOTKHHA MPOMEXKYTOK BPEMEHHU TPOEIaHa YPE3BBIYAHO 0OJIb-
miasi SKCIepUMEHTallbHasi paboTa, MOJTy4yHBIIAash OCOOEHHOE pPa3BUTHE B KOHIE MPOLLIOrO
cronetus [2]. CaMu METOMBl AKCIEPUMEHTAIBHBIX HCCIECIOBAHUN 3a 3TO BpeMs MOJIYYWIIU
3HAYUTEILHOE PA3BUTHE U YCOBEPILIEHCTBOBAHUE C OOIIMM MPOTPECCOM TEXHOJIOTHUHU U3Mepe-
HUH, TEXHOJIOTUU TPOU3BOICTBA.

OpHako psifi BOIPOCOB TEOPUU PE3aHUS JIPEBECHHBI, © B OCOOCHHOCTH JIPEBECHBIX
MaTepHanoB, TpeOyeT NaTbHEUIIUX UCCICIOBAHUNA M CHUCTEMATHU3AIMU C IEJIbI0 BBISBICHUS
TEXHOJIOTHYECKUX (PaKTOPOB: PEKUMOB pE3aHUs, KOHCTPYKIUU PEKYUIUX HHCTPYMEHTOB,
CTOMKOCTH MHCTPYMEHTA, PECYPCOIHEPIOCOEPEKEHHSI IPU PE3AHUH.

IIpu pa3zpaboTke IKCIEPUMEHTAIbHON YCTAHOBKU YUTEHBI CIEyIOLINe TPeOOBaHUS:

a) BO3MOXHOCTb OCYIIECTBJICHUS IPON3BOJACTBEHHBIX PEXKUMOB PE3aHUS;

0) BO3MOXHOCTb M3MEPEHUS 2-X WM 3-X KOMIIOHCHTOB YCHJIWS pe3aHus (KacaTelb-
HyI0 cuity pe3anus Fy, ycunue nonauu F, u ycunue, HopManeHoe k mogaue Fy);

B) HAJEXHOCTh M 0€30MacHOCTh YCTAHOBKH, JKECTKOCTh €€ Yy3JI0B UM HaUMEHbIIas
MHEPLHOHHOCTh CUCTEMBI, PETUCTPUPYIOLIEH YCUITHE;

T) MPOCTOTa OOCIYKHUBAHUS U TAPHUPOBKHU.

DKcrepuMeHTallbHAsl YCTaHOBKA (PUCYHOK) CO3/1aHa Ha 0a3e BepTHKAIbHOTO (pesep-
HOTO CTaHKa C HW)KHHMM pacroiiokeHueM mmuHaens @-4. YcraHoBKa OCHAIIEHA Clielraib-
HBIMH MEXaHH3MaMHU M YCTPONCTBaMH, TAIONIMMH BO3MOXXHOCTh BOCIIPOM3BECTH MPOMBIIII-
JICHHBIE PEKUMBI PE3aHUs B IIUPOKOM TUATA30HE MEPEMEHHBIX (DAKTOPOB.
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DKcrepuMEHTalIbHASL yCTaHOBKA:

1 - n§puBox MexaHM3Ma IOJauy;
2 - UIHCTPYMEHT; 3 - IPUBOJ MEXaHHU3Ma

pe3anusi; 4 — MeEXaHU3M T0Jayu;
5 - cynmnopt; 6 - Hampasisiolas CTOM-
Ka; 7 - TUHAMOMETPUYECKOE yCTPOMCT-
BO

MexaHu3M pe3aHus BKJIIOYAET
anekTpoasurarenb Tuna 4A1002Y3
MOIIIHOCTBIO P, = 5,85 kBT,
CUHXPOHHOM 4YaCTOTOM BpallleHus n =

2880 mun"'. JIns MIABHOTO perympo-

BaHUd CKOPOCTHU pPC3aHUA TMPUMCHCH

) npeobpazoBaresib 4acToThl pupmbl TO-
SHIBA, mogenu VF-S9, co cnenyromm-
MM TlapaMmeTpamu: Hanpsbkenue V = 400
B, momHocTe P = 5,5 kBT, yactora fort
4 0,5 mo 400 I'm.

BpameHHe OT JJICKTPOABHUIATC-
JisI K IOIMUHACIIIO IMEPEAacTCa INIOCKUM

pemHeM. IllnuHnens uMeeT crenuaib-

L i y HYI0 HacaJKy, Ha KOTOPYIO yCTaHOBJIEHA

coopras dpesa. [lInunmensHas Hacagka
CIIY>KUAT JTUHAMOMETPOM JIJISi PETUCTPAIIMU KPYTAIIETO MOMEHTA. TeH302JIeMEHThI HaKJICCHBI
Ha MOBEPXHOCTh IIMUHACIBHON HACAIKU MO YriioM 45° U COeAMHEHBI IO MOCTOBOM CXEME.
Cur"an OoT JaTYMKOB MEPEAACTCS HA TOKOCHEMHOE YCTPOMCTBO, YCTAHOBJIECHHOE B BEPXHEH
YacTH HACaJKH.

Ha mporecc pezanus Gombliioe BIMSHHE OKa3bIBAIOT YIIIbI pe3aHus. B cBs3H ¢ 3TUM
ABIISIETCS. HEOOXOTUMBIM MPUMEHEHHE TAKOTO PEXYIIEro MHCTPYMEHTA, KOTOPBIM MO3BOIUII
OBl YBEIMYHUTH YTJIOBbIE MapaMeTphl B OOJIBIIOM JMana3oHe Ha OAHOH (pese, He cHUMAas ee
CO IIMNUHAECIbHON HACaaKH.

Hoxesas romnoska (A. c¢. Ne 665080 CCCP) ckoHCTpyHpOBaHa TaKuM 00pa3oMm, 4TO
MOYKHO U3MEHMTH yroj pe3anus ot 6 = 40° no o = 85°.

Mexanusm noaauw, snekrpoasuratenb 4A90240¥Y3 momuocteio Py = 2,2 kBT, vac-
TOTOM BpamieHus n, = 1425 mun" . TnaBHOE PEryJIUpOBaHUE CKOPOCTH MOAAYU OCYIIECTBIISI-
eTCsl TaKkKe MpeoOpazoBaTeieM YacTOThl TOM ke (PUPMBI MPHU CIASAYIONUX MapaMmerpax: V =
700 V, momrHOCTh - P = 2,2 BT, wactora f = 0,5 - 400 I'u. Bpamienne ot snexTpoaBurarems
Ha WCIIOTHUTEIHHBIA MEXaHU3M OCYIIECTBIISICTCS P MOMOIIX 3y0UaToro peMHSI.
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Tabmmia — TexHnueckne XapakKTepruCTUKH YCTaHOBKH

Yucno pexyImux HHCTPYMEHTOB 1

JrameTp OKpY>KHOCTH pe3aHusi, MM 125-180

-1
YacroTa BpallleHUs PEXKYIIEro MHCTPYMEHTA, MUH

MUHUMAaJILHAS 1

MaKCHUMaJILHAs 9000

CKopocTh pe3aHus, M/c

MHHHUMaIbHas 0,5
MaKCHUMaJIbHast 50
Xox cynnopra nojadu, M 1

CkopocTb mojiayu, M/MUH

MHUHUMAaIbHas 2
MaKCHUMaJIbHast 70
TonmuHa CTPYKKH, MM U,-sin®

[Topaya Ha pesen, MM

MHUHHUMaIbHas 0,0024
MaKCHMaJIbHas 6
O06pa3siib MaJibIe

B KkadecTBe HMCIOJHUTEIHHOIO 3BEHA MEXAaHH3Ma IIOJA4YM HCIIOJH30BAHO BHHTOBOC
YCTPOMCTBO ISl 00ECTICYCHUS BEICOKOW KHHEMAaTUYECKOW TOYHOCTH U )KECTKOCTH.

Jmuna BunTa [ = 1 M, quametp d = 44 mm. ["aiika BEIMONHEHA pa3beMHOM C JBYMS
MOJTyraiikamMu, MeX1y KOTOPHIMU YCTAHOBJICHBI PACTIOPHBIC MPYKUHBI JIJIs1 TUKBUAAIINH 3230-
pa Bo BpeMs paboThl. ["aiika 3akperieHa B cierMaibHOM cynmopre. KapeTka ¢ usmepurenb-
HBIM CYINIOPTOM KECTKO CBA3aHA C CYNIIOPTOM, B KOTOPOM pa3MeIlleHa raika.

3anuch yCUIMN pe3aHusi MPOU3BOAMUTCS C MOMOIIBIO JBYXKOMIIOHEHTHOTO TMHAMO-
METpa, MPEACTaBIAIONIET0 cO00M TOHKOCTEHHBIN cTanbHOM nunuHap (crans HIX15) ¢ Hakie-
€HHBIMU HAa €ro CTeHKH JaTYMKaMU OMHMYECKOro comportuBieHus. [logpobHoe ommcanue
KOHCTPYKLHHU YIPYTOro 3JIeMEeHTa - WJIWHIpa HEe IPUBOJIUM, T. K. OHO JIOCTATOYHO MOJHO U
XOpOILIO U3JI0KEHO B Tpynax Meanosckoro E.I'.

XKectkocTh Bceil cUCTEMBI, (HaT4YMK, CYNMOPT M TMPHUCIOCOOTIEHUE Il KPETUICHUS
oOpasiia) B HaNpaBJICHUH JEHCTBUS CUJIbI F; MO JaHHBIM U3MEPEHUN B CTCHKE ITMJIMHPA CO-
craisier 15 000 H/MMm, a B HanpaBiieHUH JeHCTBUS HOpMaIbHOH cwitbl Fyy - 7600 H/MMm. Yac-
TOTa COOCTBEHHBIX M3THOHBIX KoeOanuii muuHapa coctapisger f= 1000 I'm.

JIisi HeMCKa)KeHHOTO BOCIPOM3BEICHMSI M3ydaeMOro Ipoliecca Ha ocuuuiorpade
4acToTa COOCTBEHHBIX KOJIEOAHMII MEXaHHUYECKON M AIEKTPUUYECKOU CHUCTEMBI M3MEPUTENb-
HOTO IMHAMOMETpa J0JKHA ObITh B 5-10 pa3 Oonbliie 4acTOThI KOJIeOaHUi CHUIT pe3aHusl.
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ITo manubIM Knaccudukanuu [3] cpeaHHe TOJIIUHBI CTPYKKH, UMEIOIINE MECTO Ha
IIPAKTHKE.

1. Tonkas uucroBas crpyxka — 0,014 - 0,04 mm.

2. Yucronas ctpyxkka — 0,04 - 0,16 mm.

3. Makpoctpyxka — 0,16 - 0,4 mm.

CkopocTu pe3aHus 0 TeM XKe JaHHBIM JeJIATCs Ha 00JIacTh:

1) Hu3KHX cKkopocTelt — 5 - 20 m/c;

2) cpenuux ckopocteit — 20 - 60 m/c;

3) BIcOKHX cKopocTeit — 60 - 100 m/c.

WutepBan ckopoctu pezanus ot 20 1o 40 m/c.

BriBoaLI.

1. Ha skcnepuMeHTaIbHONH yCTaHOBKE BO3MOXKHO IIPOBENEHHE MCCIEAOBAHUM IPO-
necca (pe3epoBaHus JAPEBECUHBI U JPEBECHBIX MAaTEPHAJIOB B IIMPOKOM JMAIa3oHE Tepe-
MEHHBIX (PaKTOPOB.

2. BO3MOXHOCTh perucTpaly yCWINHA pe3aHus: ycuius nojaauu Fy v ycunus, HOp-
MaJILHOTO K nmojaue Fy.

3. [IyreMm nepecuera mo dhopmyiam

F.=F -cos®+F, -sin®
F, =F, -sin®+F, -cos®

HAaxOJIMM KacaTeJIbHYIO CHITy pe3aHus Fx 1 ycuins HOpMaJIbHOM K KacaTelnbHOU Fy.

4. Mo3KHO TaK)Ke UCCIIeI0BaTh:

a) BIIMSIHUE M3HOCA W 3aTYIUICHHE pe3lia Ha MPOIECC CTPYKKooOpa3zoBaHus mpu (pe-
3€pOBAaHUH C «3aMOPaXKMBAHUEM» KOPHSI CTPYKKH;

0) BIUSHUE U3HOCA U 3aTYIICHUS pe3lia Ha YCUJIUS Pe3aHus;

B) BJIMSIHME M3HOCA U 3aTYIUICHUS pe3lla Ha HMIepPOXOBATOCTh 00pabOTaHHOW MOBEpPX-
HOCTH.
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