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OINPEJEJEHUE YCJIOBUI YMEHBIIEHUS CHJIOBOM
HANIPA’)KEHHOCTU ITPOLECCA IIVIM®OBAHUSA

Ipou3BesicHa OLCHKA CHJIOBOI HANMPSDKEHHOCTH MUKPOPE3aHHs CAWHUYHBIM 3€PHOM H BJABIMBAHUS
3epHa B 0OpadaThiBaeMblli MaTepual, chOpMyIHPOBAHEl YCIOBHS MOBBINIEHHS 3()(EKTHBHOCTH IIPO-
necca nUIH(pOBaHHS

Kirouesble cioBa: numdoanue, 06padaThiBacMblil MaTepHall, CHIA PE3aHuUs, TOJIINHA Cpe3a

Bgenenue. [Ipn mum¢poBanny MaTepnanoB MOBBIIIEHHON TBEPIOCTH BO3HU-
KalOT 3HAYUTENBHBIC CHJIBI PE3aHMs, KOTOPHIE PE3KO CHIDKAIOT NPOU3BOIMTEIb-
HOCTh 00pabOTKM M yXYJIIAIOT KadeCTBO 0OpadaThIBa€MbIX IMOBEPXHOCTEH. JTO
OTHOCHUTCS K IMITM(OBAHUIO TBEP/BIX CIUIABOB, BBICOKOTBEPIBIX KEPAMUK, HAILIa-
BOYHBIX MaTepHaloB M T.A. Tak, mpu NUTM(OBAHUM KOHTAKTHHIX (pabodnx) mo-
BEPXHOCTEH KPyMHOTaOapUTHBIX M3JETUA METaJUTypTHYeCKOro Ha3HAUECHUS C H3-
HOCOCTOMKMMHM HaIJaBOYHBIMHU MaTtepuaiaMu BBICOKOM TBEPAOCTHU, BCJICIACTBUEC
MOBBIIICHHOW CHJIOBON HAINPSHKCHHOCTH Mpoliecca aOpa3svBHBIN KPYTr MHTCHCHBHO
HU3HAIIMBACTCA, U TMPOU3BOAUTCIIBHOCTD O6pa6OTKI/I MMPUHUMACT BECbMa MaJIbIC
3HaueHus. [IpuMeHeHne aaMaszHBIX KPYroB Ha BBICOKONPOYHBIX METAJUIMYECKUX
CBSI3KaX B3aMEH aOpa3UBHBIX KPYI'OB ITO3BOJSIET CHHU3HTH CWJIOBYIO HaNpsDKEH-
HOCTH npouecca. OJHAKO MPU 3TOM aJIMa3HBI KPyr MHTEHCHUBHO 3aCaJIUBAaETCs U
TEpSIET PEXYIIYI0 CIIOCOOHOCTB, YTO TPeOyeT €ro MOCTOSHHOW 3JIEKTPO3IPO3HUOH-
HOH MpaBKH, PEaU30BaTh KOTOPYIO MPH BHICOKOTPOM3BOUTEIFHOM IUTH(OBAHUN
ciokHO. Bee 310 mpennonaraeT U3BICKaHNS HOBBIX TEXHOJOTHYECKUX BO3MOXKHO-
cTeil moBsImeHus 3¢ dekTnBHOCTH NUTH(OBAHUSI MAaTEPHAIIOB ITOBBIIICHHOW TBEP-
JIOCTH.

AHAaNU3 OCHOBHBIX JOCTH:KeHUH U autepatypsl. B paborax [1-3] o6ocHO-
BaHbl OCHOBHBIE HANpaBlieHUs] HHTeHCH(UKAIMKU Tpolecca numdoBanus. OaHaKo
OHHU OCHOBaHBI Ha pEe3yjibTaTax 3KCICPUMEHTAJIbHBIX HCCHC}IOBaHHﬁ, TIOJTYYCHHBIX
JUIsl YaCTHBIX YCJOBHH OOpaOOTKH, YTO HE ITO3BOJISIET YCTAaHOBHUTH OOIIME pelle-
HUSI, CTIPAaBEJIMBbIC /ISl IIMPOKHUX HANa30HOB M3MEHEHUs TapaMeTPOB PEXXUMOB
nQoBaHus, XapaKTEpUCTUK KPYroB M T.1. [lo3TOMy HEoOXOAMMO MOIYy4YUThH
AQHAJMTHUYECKUE PEIICHNUs, KOTOPhIE JIMIICHB! yKa3aHHBIX HEAOCTAaTKOB. Haydnoi
MIPEATIOCHIIKON TOyYeHNS JAaHHBIX PEUICHUH cIeqyeT pacCMaTpuBaTh TEOpEeTHYe-
CKMH TOAXOJ K OIPEAETICHUIO MapaMeTPOB CHJIOBOW HAIPSHKEHHOCTH HUIH(OBa-
HUS, IPEIOKEHHBIH B padote [4].

Heab uccienoBaHus, NOCTAHOBKA 3aJa4M. Llenbio vccienoBanus sIBISETCS
TEOPETHUECKOE 0OOCHOBAHHNE YCIOBUM CHIDKCHUS CHIOBOW HAINPSKEHHOCTH IIPO-
recca nUIMQOBaHUs MaTepHAIOB MOBBIILICHHOW TBEPIOCTH.
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,21.]'[51 pemeHI/m JIaHHOIZ 3a1a4u BaXHO TeOpeTI/I'-leCKI/I OLUCHUTH BO3MOXKXHOCTHU
YMEHBIICHUS PaJalibHOM COCTABJISIOIICH CWJIBI pE3aHus, KOTOpas OIpeaesiseT
YCIIOBHSI BHEAPCHHS PEKYIIETO 3epHA B 00pabaThiBacMblii MaTepuaj MPH MUKPO-
pe3anuu. BaxkHO Tak)ke CpaBHUTH CUJIbI, BOZHUKAIOIINE B MPOLIECCE MUKPOPE3AHUS
€JMHUYHBIM 3¢pPHOM U MPH BJIABJIMBAHUU 3¢pHA B 00padaThIBAEMBbI MaTEPHA, YTO
MTO3BOJIUT OOJIee MOJTHO PACKPHITH BO3MOXKHOCTH CHIDKCHHS CHIIOBOM HATIPSKCH-
HOCTH TIpoliecca numdoBaHus. Pacmonaras aHaNATHYECKAM PEIICHUEM UTS OTIpe-
JIEJICHUS] paJIMANBHON COCTABIAIONICH CHIIBI pe3aHus, MOXXHO OyIeT OmpeaeinTh
(haKTHYECKYIO TONIMUHY cpe3a Ipu OUIN(OBAHNHU, B TOM YHCIE C YIETOM YIPYTHUX
MEPEMEILEHUI B TEXHOJIOTMYECKON CUCTEME, U €€ PACX0KIECHUE ¢ HOMUHAJIBHOMN
TOJILLIMHOU cpe3a.

MarepuaJjbl uccjaegoBanuid. PannanbHas cocTaBisionas CUIbl pe3aHust Py

OIKCHIBACTCS AHATUTUICCKON 3aBUCUMOCTBIO, TPUBEJICHHON B padoTe [4]:

2-7,,,-S-sin(y +y)
P, — co8 1
(N () .

— npeaci MpoOYHOCTH Ha CABUT 06pa6aTHBa€MOI‘O MaTtepuaia, H/Mz;

roe v

cos
S - IuIomaab MOoNnepeIHOTro CEYCHUA Cpe3a, Mz;
Y OTpHHaTeHI:HBIﬁ Hepe}lHI/Iﬁ YToJI peKynero a6pa3I/IBHOFO 3€pHa;

W — YCIIOBHBIH YroJl TpeHHUs aOpa3uBHOTO 3epHA C MATEPUAIIOM.
PaccmatpuBasi 3epHO B (popMe KOHyca C yrjiom mpu BepmmHe 2y (puc. 1),

IUIOIA/Tb TTOTIEPEYHOI0 CeYeHHs cpe3a S ¢ yuyeToM b =2a-1gy BBIpa3UTCs
S=2a> 17, 2)

rae a, b —TonmyHa ¥ IUPUHA Cpe3a, M.

y
¥ A

Puc. 1 — Pacuernas cxema niomiaau NONepeyHoro CeueHus cpesa

Torma 3aBucumocts (1) ¢ yuwerom coorHomenuit 7, =05-0,. #H

HV =3-0,, (a1s cTann) npuMeT BUJ

P 0,67-HV -a* -sin(y +y )-1gy

- , 3
’ [1=sin(y +y)] @
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rie o, — Ipejel NIPOYHOCTH Ha CKaTHe 0OpabaTsiBaeMoro Marepuana, H/m’;
HYV — TBepnocTh 06pabaTsiBacMoro Matepuana (o Bukkepcy), H/v?.

Hcxons u3 3aBucumoctH (3), paauanbHas COCTABILIIONIAS CHIIBI PE3aHUS Py

oIpejeNsieTcs TIaBHBIM 00pa3oM CyMMOM YIJIOB (}/+l//). C nx ysenuyenunem P,
YBEJIMUUBACTCS, IPUIEM, TPU (7/ + 1//) —90° — 10 GeckoHEUHOCTH (P, > ), ur0

CBSI3aHO C MPEKpaIIeHHeM Iporecca pe3aHus (CTPyKKO0Opa30BaHHA) U OCYIIECTB-
JICHWEM JIMIIb IUIACTHYECKOro AeGopMHUpOBaHUS 0OpabaTHIBa€MOr0 MarepHaia.
CrenoBaTenbHO, yMEHBIIUTL P, MOKHO yMEHBUIEHHEM YIIIOB ¥ U Y/ , 00ecreun-

Basl B IIpolecce IMUM(OBaHHUS BBICOKYIO OCTPOTY PEXYIIUX 3€PEH.
CpaBHMM pa/iHalbHyI0 COCTaBIISIOLLYIO CUJIbI pe3anns P, ¢ cuioi P, Bo3-

HUKAOIIEH NP BIaBJIMBaHUU 3epHa B 00pabaThIiBaeMblii MaTepHall Ha TIIyOUHY a :

P=r-a*-tg’y-HV . @)
P, P
Ta6J'II/IHa — PacueTHbIe 3HaUCHUS OTHOCHTEIIHPHBIX BEIIMYHH z 3 u >
HV -a HV -a
VN 30 45 60 70
10 0,7 / 1,05 3,0 /3,14 18,2 / 9,41 119 /23,7
20 1,26 / 1,05 6,48 / 3,14 75,2 / 9,41 oo /237
30 10,9 / 1,05 19 / 3,14 o /941 o /23,7

Pe3yabTaThl uccaenoBanmii. B Tabn. 1 nmpuBeneHbl 3HAYCHUS OTHOCHUTEIh-

P P
HBIX BETMYNH ——— (TIepe/l 4epToil) ¥ ———— (10CIIe YepPTHI), PACCUMTAHHBIX
HV -a HV -a

COOTBETCTBEHHO 1o 3aBucuMocTsM (3) u (4). Kak BuaHo, s 3Havenuit y >30° n

Y > P
HV-a* HV-da’
HUA ¢ (PUKCUPOBAHHOM TOJIIMHOM Cpe3a @ XapaKTepu3yercs OONbIIeH CHUIIOBON
HAaIPsHDKEHHOCTBIO, YeM IIPOLIECC BABIMBAHUS 3epHa B 00OpadaTbIBaeMbIil MaTepH-
an Ha TIyOMHY a . DTHM OOBSCHSETCS TO, YTO IpolecC NUTH(OBAHNS TPOUCXOTUT
C BBICOKOH CHJIOBOW HaNpsDKEHHOCTBHIO, HHTCHCHBHBIM M3HOCOM 3€PEH W HU3KOU
IIPOU3BOUTENBHOCTBIO 00paboTKu. Kpome Toro, mox neiicteuem P, (BeneacTsue

w >10" cnpasemmuso . CnenoBatenbHO, MPOLIECC MUKpPOpPE3a-

BO3HMKHOBEHHSI B TEXHOJIOTHUYECKOH CHCTEME YIPYroro MepeMeIeHHs) 36PHO BbI-
TecHseTca U3 00pabaThIBaeMOro MaTepHala M IPOLECC pe3aHHs NPAKTUUECKU HE
MPOMCXOJUT, T.K. (pakTHUECKast TOJIINHA Cpe3a CTPEMHTCS K HYJIIO.
Teoperndeckue pe3ynbTaThl MOATBEPIKIAIOTCS IKCHEPUMEHTANbHBIMU JIaH-
HBIMH, IPUBEJICHHBIMU B pabote [5], puc. 2. Kak cnenyer U3 pucyHka, Ipyu MUKpPO-
pe3aHny eIMHUYHBIM 3€PHOM TOJIIIMHA Cpe3a MEHbIIE TIyONHBI BHEIPEHHS 3epHa
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B 00pa0arbiBacMblii METall B MOMEHT IpPEKpalICHUs] Ipolecca MUKPOPE3aHUsL.
DTO COOTBETCTBYET TEOPETUUYECKOMY PEIICHHIO, COIJIaCHO KOTOPOMY NpPH OJHOM

3HaYCHWH BENMYMH P, ¥ P TOJNMHA Cpe3a MPH MUKPOPE3aHHH MEHbILE ryOun-

HBl BHEIPEHHs 3epHa B 0OpabaThiBacMBIil METAIUT IIPU €r0 BAABIUBAHHU. TakuM
00pa3oM, TeOpeTHYECKH 000CHOBAHBI IPHHIMIHAIBHBIC OTIMYHS MPOLECCOB MHK-
pope3aHusi W BIABIMBAHUS HEMOABH)KHOTO 3epHa B 0OpabaTbIBacMBId METaJLI.
CrnenoBaTenpHO, 10 TBEPAOCTH 00padaThIBAEMOr0 MaTephalia CIIOKHO CYIUTh O

€ro 06pa6aTI)IBaeMOCTI/I, TMOCKOJIbKY 3aBUCUMOCTHU IAJId ONPEACICHUA BEINYNH Py

u P cymecTBeHHO omin4aoTcs. Tak, paguaibHas COCTABIISIONIAS CHIIBI PE3aHUS
P, onpezensercs CyMMO# yrios (7/ + l//), acwia P —Jumsb yriaom y .

0 [ I
10 { {
Wi rva
U

™ |
30 p,=10H|] U
40 P, =20H Mi
50

P, =40H

60 2

Puc. 2 — [iny6uHa BHeApeHns (B MKM) anMa3HOro konyca 2y =120° B apmko-
xkene3o (103 HV') mpu BraBIMBaHHUY, [JapalaHUH M OCTAHOBKAX

IIpu MuKpope3aHun BeaeACTBHE 00pa30BaHUs YIPYTUX MEPEMEIIECHUN B TEX-
HOJIOTMYECKOH cucTeMe (hakTHyecKas TOJIIMHA Cpe3a a, BCErJa MEHbLIC HOMH-

HAJIBHOM TOJIIWHBI CpE3a a . B cBs3u ¢ 3THM BakKHO aHAJIUTHYECKU OICHUTH CTC-
TIICHb UX OTJINYHSA Ha OCHOBE YCJIOBHUSA PAaBCHCTBA pa,Z[PIaHBHOﬁ COCTaBJ’I)HOH.leI cu-
JIbl PC3aHUsL Py u pryFO-BOCCTaHaBHHBaIOH.ICI;'I CHJIBI (C'y), o€ ¢ — KCECTKOCTh

TEXHOJIOTHYECKOH cucTeMbl, H/M; y — ympyroe nepemenieHue B cucreme, M. C
yderoM (3), paccmatpuBasi B HEH BMeCTO @ (aKTHYECKYHO TOJIIMHY Cpe3a d,,

MOJIy4€HO

20, a, siny+y) gy
[1—sin(y +v/)]

(6)

c~(a—a¢)=

Pemas KBaZpaTHOC YPAaBHCHNE OTHOCUTEIIBHO BEIITNYNHBI ad) , IMECM
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a, = = : (7)

025+%4 105
C

e A= e -S{n(y+ v)-igy
[1—sin(y +v/)]
IMpu ycosuu ¢ — 0 (akTHyecKas TOJIIMHA CPE3a @, —> @ , T.€. PACYETHI 110

ONPE/EIICHUIO BEIIMYHMHBI A BBIIOJIHCHBI IPaBUIBLHO. C YMEHBIICHUEM BEIIMYHHBI
A TakKe a, —>a, 4TO CBA3AHO C YMEHDBIICHUEM YIJIOB ¥ U ¥ B PE3YJbTATE 110~

BBIIICHHUS PEXyLIeH CIOCOOHOCTH KpyTa.

BoiBoabl. B pabote mosry4eHbl aHATUTHYECKUE 3aBUCHMOCTH ISl Onpeneie-
HUS PaJMAIbHONW COCTABISIOLICH CHIIBI pe3aHMsl IPH MUKPOPE3aHWH CSIHMHHYHBIM
3€pPHOM M CHJIBI BIABIMBAHUS HETOJBHKHOTO 3epHa B 0OpabaThIBaeMBIil METaILIL.
[Toka3zaHo, 4TO MpU OJMHAKOBOM 3HAYEHHHU HTUX CHJI TONIIMHA Cpe3a IPH MUKDPO-
pe3aHuU Bcerxa MeHblIe NIyOMHBI BHEAPESHNS 3epHA B METAIUT IIPH BIABJIMBAHUH.
YCcTaHOBIIEHO TaKXke, YTO MOBBICUTH d((EKTUBHOCTD NITH(OBAHUS C TOUKU 3PEHHUS
CHIDKCHUS CUJIOBOM HAITPSHKEHHOCTH TIPOIiecca MOXHO TJIaBHBIM 00pa3oM 3a cuer
obecrieueH st BBICOKOH pexylel criocoOHOCTH Kpyra.
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BukoHaHO OLIHKY CHIIOBOI HAIPY)KEHOCTI MiKPOPi3aHHs OAWHUYHHUM 3€PHOM 1 BIaBICHHS 3€pHA
B 00po0roBanuii Matepiai, copMysIbOBaHI YMOBH ITiIBUILICHHS €()EKTUBHOCTI MPOIIECY HUTi(yBaHHS
Krouosi cioBa: nuriyBanss, 00poOIIoBaHU MaTepiall, CUla pPi3aHHS, TOBIIHHA 3pi3y

The estimation of the power intensity microcutting single grains and pushing of the grain in the

material being processed, formulated conditions improve efficiency of the grinding process
Keywords: grinding, processed material, cutting force, slice thickness
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