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Po3pod.ieHo Ta gocainzkeH0 MaTeMaTHYHY MO/Ie/]b IBOMACOBOI KOJMBAJIBHOI CXeMH BCTABHOT'O
HO3Ka 30ipHOI ¢pe3u, oaHA i3 Mac IK0I MOJeJIIO€ 3aleMJIeHy YACTUHY HOKAa — MpecoBe 3’€AHAHHS i3
CYXHM TepTAM, a iHIIA — KOHCOJIbHY YAaCTHHY, 0 MiIA€ThCS BILIMBY AaBTOKOJIUBAHbD, SIKi MOKJIMBI
B npoueci pizanns meraiy. [IpoanasizoBano BILIMB CyX0ro TepTs B MPecOBOMY 3’€IHAHHI HOXKAa HA
aMILTITYy pPe30HAHCHUX KOJUBaHb pi3us Ta aerani. [lokazano MoxiuBicTh epeKTHBHOTO racinus
aMILTITYIM AaBTOKOJIMBAHb Pi3lUs 3a PaxyHOK ONTHMAJIBHOTO BHOOpPY mnapaMeTpiB NpecoBOro
3’€AHAHHS BCTABHUX HOXKIB i3 KopmycoMm 30ipHoi ¢pe3n.

Developed and researched mathematical model two-mass vibrating system embedded team
knife mills, one of which simulates the weight of the knife jammed - forging connections with dry
friction, and the other - the console portion that is exposed to oscillations that are possible in the
process of cutting metal. The influence of dry friction in forging a knife in conjunction amplitude
resonance vibrations of the tool parts. The possibility of effectively extinguishing the amplitude of
oscillation of the tool by selecting optimal parameters press connection plug blade cutter housing
team.

ITocTaHoBka npod/eMu. ABTOKOJIMBAHHS, SIKI MOXKYTh BiZJOyBaTHCS B METAJIOPi3aJIbHUX BepcTaTax
miggac oOpoOKHM NEeSKUX MaTepialliB CyTTEBO YCKIIATHIOIOTH MPOIEC OTPUMAHHS SIKICHOI MTOBEPXHi JIeTali
Ta 3MEHIIYIOTh CTIHKICTh IHCTPYMEHTIB.

AHaji3 ocTtaHHiX mochiTkeHb i myOmikamiii. OCKUTBKM aBTOKOJNMBaHHS 3IHCHIOIOTHCS Ha
PE30HAHCHIN YacTOTi pi3ls Ta AeTalli, TO e(eKTHBHUM METOI0OM OOpOTHOM 3 UM SBHIIEM € IeMITI()yBaHHS
[1]. demudysannst ciig BBoauTh B TOM einemeHnt cucremu BIIIJI, maca sikoro € Haiimerroro [2]. To6To,
SKIIIO Maca Pi3ld € MEHIIOK BiJl MacH AeTani, TO JeMIQyBaTH HEOOXiTHO KonmuBaHHA pisug. OgHUM i3
epexTBHUX nemidepiB TakuX KOIMBaHb € KOHCTPYKUidHHMH rictepesuc enementiB BIIJL [3], sxwmii
BiZIOyBa€THCS B HEPYXOMUX 3’ €JHAHHIX MEXaHi3MiB.

@opMyJIIOBaHHSI MeTH JAociailkeHHsl. B nanili poOoTi po3risgaerscsi crnociO0 BHU3HAUYEHHS
JemnyBaabHOI 3IaTHOCTI PKYUOro iHCTpyMEHTa — BCTaBHOTO HOXa 30ipHOI (pe3u B mporeci Horo
PE30HAHCHUX KOJIMBaHb TA BU3HAYAIOTHCSA MEK ICHYBaHHS ONTHMAJIbHUX 3HAUYEHb CHIIA TEPTS B IPECOBOMY
3’€IHAHHI BCTABHOT'O HOXa JyIs epeKTUBHOTO AeM(yBaHHS aBTOKOIMBaHb cuctemu BITIL.

BukianeHHs1 0CHOBHOI'O MaTepiaiay aociailkeHHs. SIk BuaHO Ha puc. 1,a, HiX 3 BCTAaHOBJIEHO B
na3 gpe3u 1 Ta 3aKpilIeHO MPECOBUM 3’€IHAHHSM 3 JOMOMOIOI0 KiIMHA 2. B OinbIIocTi BUMMAIKIB cami
HOXI1 BUKOHYIOTH Yy BUIJISII KJIMHA, OJHAK TaKa KOHCTPYKTHBHA CXEMa € CKJIAAHIIION AJISi PO3PaxyHKiB
(HECMMETPUYHOIO), TOMY PO3IJISIHEMO IPOCTILly CXEMY, OCKUIBKM BCi HOJajiblli BUCHOBKUA OyAyTb
CIIPABEIMBUMH 1 JIJISl CKJIATHIIINX CXEM KPIiIICHHS.

Sk Bimomo [3], B mporeci HaBaHTaXEHHs MPECOBOTO 3’€IHAHHSI OCHOBOIO CHIION, Jedopmaris,
BHUKJIMKAHA ITi€10 CHJIOIO TIOITUPIOBATUMETHCS Ha TIEBHY BEIMYHHY, sSKa Oy/Ie MPOMOPIITHOIO BiTHOIICHHIO
i€l CHIM 10 BEIMYWHU CIJIA TEPTS TMPECOBOrO 3’€mHaHHA. | AKmO Il cwim OymyTh PIBHUMH, TO
BimOymeThCs 3CYyB JaeTalli B 3’€qHaHHI. B maHoMy BHITamky 3CyB neTami Oyae HEMOXKIWBHMA, OCKUIBKU



3aHi TOpeIlb BCTABHOTO HOXKA BITUPAETHCSA B TOpEIb Masza Kopmycy ¢pesu. OmHak podoTa CUIM TEPTS
Oyne 3miHCHIOBATHCS Ha BCiii JOBXKHHI MPECOBOro 3’€JHaHHA. SIKIIO X BEIMYMHA OCbOBOI CHIIHM Oyze
MEHIIIOK Bijl CHJIM TEPTS, TO HACTUILKH X MCHIIOK MEHIIO Oyne 30Ha jaedopmartii, i MeHIIOW Oye
poboTa cunu TepTA.
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Puc. 1. KoHcTpykTrBHA (@) Ta po3paxyHKOBa (6) CXEMH MPECOBOT0 3’ €THAHHS

Po3spaxyHok nemndyBaHHS B TakoMy 3’€THAHHI MOXJHMBO (i JIOLITBHO) BUKOHATH 32 JOMOMOTOIO
METO/y CKiHUYEHHHMX €JIEMEHTIB i3 PYXOMHMH TpPaHHISIMH, OCKIIBKH BEJIHMYMHA 30HH Jedopmarii
BU3HAYaTHME KOPCTKICTh Ta pyXoMy Macy Hoxa. OfHak 1eil MeToll, Ha JKallb, Ille He BIPOBaPKEHO B TakKi
nporpamu sk MATLAB uu SolidWorks, Tomy iioro BuKOpHCTaHHS BUMarae cepitozHoi mpodeciiHoi
kBajidikamii B 1aHOMy HampsiMi TEOPETHYHHUX AOCIHiKeHb. [IpyruM HEIONIKOM IIbOrO METOLY € Te, IO
MaTeMaTHYHEe MOJICJIIOBaHHs aBTOKOJIHMBAaHb METANOPi3ajbHOTO BEpCTaTa MOXKIMBE JIMIIE B JUCKPETHIN
MO/IeNTi, a BUKOPHCTAaHHS KOHTUHYJILHOI MOJIENIi B TUCKPETHIN € HEMOXKIIMBE.

Jlnst BUpIIICHHS i€l mpoOIeMH 1 3MIHCHIOETHCS CIIPO0a ONUCATH KOHCTPYKTUBHY CXEMY, MOJIaHy Ha
puc. l,a cucremoro audepeHIianbHuX piBHIHB (1), po3paxyHKOBY cXeMy sIKO1 Mmoka3zaHo Ha puc. 1,0.

Sk BHJTHO 13 pO3paxyHKOBOI CXEMH, Macy BCTaBHOTO HOXa YMOBHO 3aMiHEHO JIBOMa MPHUBEJCHUMHU
MacaMd M Ta Mo, a JKOPCTKICTh — JIBOMA YKOPCTKOCTSIMH ¢ Ta ¢o. [I[pydoMy Ha Macy KOHCOJI HOXa M Jie
nvie gemidep B’S3K0ro BHYTPITHBOTO TEPTS B HOTO MaTepialli, a Ha Macy 3ameMIIeHOT YaCTHHHI HOXKa IIe
W cuna TepTs.
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Po3paxyHOk MaTeMaTH4YHOT MOJENI BHUKOHAEMO JUIs BUMANIKy, Koiu cuia 30ymkenns F(1)=0, a
MOYAaTKOBE 3HAYEHHS KOOPIWHATH x=1x10"° M, o B TMOEKHAHHI i3 BEINYUHOIO YKOPCTKOCTI KOHCOJIbHOL
YaCTHHU HOXa CTBOPUTH MOYATKOBY cuity xopcTkocti 2100 H (kinematnyne 30y KEHHS KOJIMBAaHb HOXKa
BHACJIIIOK HOTO B3a€MOJIi1 13 TBEPIUM BKIFOYCHHSM, BEIHYMHOW 1 MKM). JKOpCTKICTh Ta pUBeeHa Maca
3aIeMJICHOT YaCTHHU HOXKa B JITAHIH MOJIEIi 3aJIeKUTh BiJl CIIIBBITHOIICHHS CHJT )KOPCTKOCTI Ta TEPTHI.

Jlnst 3pydHOCTI OIIHKHM BIUIMBY CHJIM CYXOT'O TEpTS Ha 3racaHHs KOJIMBAHb BUKIIOYMMO BIUIMB
B’s3KHX JeMidepis, T00To Ko=k=0.

SIK BiZlOMO, 4aCcTOTA KOJIMBAaHb, 1[0 3racarTh, € OJHU3LKOK0 0 YACTOTH BIACHUX KOJUBAHL CHCTEMHU,
TOMY OIIIHKY JeMI(yBaHHI OyJIeMO BUKOHYBATH JUIS 3Tacar0uuX KOJMBaHb, 30Y/DKEHUX ITOYAaTKOBOIO
YMOBOIO.

JemndyBaHHs 3racarounx KOJHMBAaHb BU3HAYATHUMEMO 33 BEIHMYMHOKO JOTapu(MIYHOTO JeKpEeMeHTa
3racaHb, [0 BU3HAYAETHCS 32 (DOPMYJIIOI0
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ne A, — aMItiTyAa N-To nepioay KoiauBaHb; An; — aMIUTITYJa HACTYITHOTO TIEPiOy.

PesynbTat BUKOHAHOTO TaKMM YHHOM MaTeMaTHYHOTO MOJCIIOBAaHHSA, AJIS BHUIMAAKY, KOJH
BeJIMUMHa cuiau TepTs ctaHoBuTh 800 H npeacrasneHo Ha puc.2 — puc.4.

Ha puc. 2 300paxkeHo aMIuTiTyy KONMBaHb KOHCOJIBHOT MacH BCTaBHOTO HOXa (pe3u, a Ha puc 3 —
aMILTITYy KOJIMBaHb HOTO 3alIeMJIeHO MacH (4acoBi pO3TOPTKH).
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Puc. 3. KonuBanHs 3a1ieMIIEHOT YaCTHHU HOXa Qpe3n
I3 anamizy ux pUCYHKIB BHAHO, IO KOJUBAHHSA KOHCOJBHOI MacH (YaCTHHM) HOXa 3TracaroTh JIHUIIIE

JIO TIEBHOTO 3HAYEHHS, a caMe JOTH, OKH BiIOYBAIOTHCS 3MIICHHS (KOJMBAHHS) B 3aIlIEMJICHIM YacTHHI
HOKa. BigcyTHicTh AemndyBaHHs Ha prc. 2 OB’ sI3aHa 13 BiACYTHICTIO 3MillIEHb HA PHC. 3.



Sxmo npoaHarizyBaTH 3B'S130K JieMI()yBaHHS KOJIMBaHb KOHCOJIBHOT YaCTHHH HOXa i3 CHJIOK HOro
JKOPCTKOCTI, TOOTO 13 CHJIOIO B3a€EMOAIl KOHCOJIBHOI YacTHHU HOXa i3 3amemieHow (puc. 4), To
OUYCBUHHM CTa€ (PaKT BIUIMBY BiJHOIICHHS CHJI KOPCTKOCTI Ta TEPTS HA HASBHICTH 3MillleHb. B maHomy
BUMAJKY 3HAYCHHSI CWJIM TEPTs B 3alleMIIeHiN dacTuHi Hoxa ctaHoBuTh 800 H i, sk BHgHO i3 pucC. 4,
3MIIIEHHS B 3allleMJICHI YaCTHHI HOXa CIOCTEPIrarOThCs JIMIIE TOJi, KOJU 3HAYCHHS CHJIa MPYKHOCTI €
6inpmmmmM 800 H.
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Puc. 4. Jlis cuim >KOPCTKOCTI Ha 3alleMJIeHy YacTUHY HOXa ¢pesn

Ockinbku poboTa CHIIM TepTs € 100yTKOM 1€l CHIM Ha MepeMillleHHs B 3aleMJIeHil YacTHHI HoXa
¢dpe3u, a 3HAYEHHSIM LBOTO TEPEMIICHHS MH O€3MOCepeIHFO KepyBaTH HE MOXKEMO, TO IPOaHaIi3yeEMO
BIUTUB CHJTH TEPTS B 3allleMIICHIH 4aCcTHHI HOXa (pe3u Ha aeMI(yBaHHS KOJHMBaHb KOHCOJIBHOI YaCTHHH.
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Puc. 5. 3anexHicTh 3racaHHs KOJMBaHb HOXA BiJl CUIIK TEPTS B 3’ €THAHHI



Ha puc. 5 300pakeHO 3aleXHICTh JIOT. JEKPEMEHTa KOJHMBAHb BiJ 3HAYCHHS CHJIM TEPTA B
NpecoBoMy 3’€JHaHHI BCTaBHOTO Hoxa (pe3n. Jlorapudmiyauii AEKpeMEHT 3racaHHs KOJMBAaHb
BU3HauaBcs 13 TpadivHOi 3anexkHocTi (puc. 2) 3a ¢. 2, sika OyayBanacs Uil pi3HUX 3HAUYEHb CHIIM TEPTS B
MPEecOBOMY 3’€IHAHHI KOHCOJBHOT YacTHHU HOa. OCKIIbKY 3HaYeHHS JEKPEMEHTa 3racaHb IJIsl KOKHOTO
nepioly KOJIMBaHb OyJo pi3HUM (3MEHIIYBANOCS) TO 32 OCHOBY OYJIO B3STO 3HAYEHHS IEPILOTO MEpiofy.
SIK BUITHO 13 PUCYHKA, LIS 3JIC)KHICTh MA€ CKPaBO BUPXKEHUI ONTUMYM, IO SIKICHO criBnanae i3 [3].

BucnoBok. OnTuMaibHe 3HAYCHHS! KOHTAKTHOTO THCKY B MPECOBOMY 3’€JHAaHHI BCTAaBHHX HOXiB
30ipHOT (pe3n MOXe CYTTEBO 3MEHIINTH aMIUTITyAy aBTokonuBaHb cuctemu BIIIJl, a 3ampomoHoBaHa
PO3paxyHKOBa CXeMa, CyTh SKOI MOJIATAE B 3aMiHi OJJHOMACOBOI CXEMHU Ha JIBOMACOBY, Ha SIKICHOMY piBHI
aJIeKBaTHO OIMCY€ KOJMBAaHHA BCTaBHUX HOXIB 1 MOXe OyTH BHKOpHUCTaHA B MaTeMaTHYHOMY
MOJIENIIOBAaHHI aBTOKOJIMBAaHb B METAIOPi3aJIbHUX BEpPCTaTax.
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